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To publish the more important announcements 
of distinguished technologists, appearing in for^ 
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To furnish translations of the complete text 
of significant articles in European periodicals 

To keep the busy man posted on the progress 
of technology in all fields by publishing abstracts 
of current literature 
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8 UOOBISSOR TO THE BClEMliflC A2IPRICAN 
SUPPLEBdlENT 

I N tbe SciSMTiiic Amfucar of Decraibor 4, 1876, a new 
JoanuU waji annonnoiN) to be known an the SczxRTmo 
Aiumcar Supfltmbri It was a niomentnus period in 
our national history Our industries had fail} re(o\eied from the 
ravages of ttie Civil War and at this the one hundredth an 
nlvemary of the founding of our Republic we were going to 
demonstrate to the world by a great Intematk>oa1 Exposition 
tbe progreis we had made in the arts and sciences There 
was a wldeapread Interest in technology and It was felt by 
the pabllabers of the HiiK\njru Amibican that there was a 
need for a Journal which would iiioet tlte desire for Infortna 
tion of a more tecbnlosl <haracter than could properly be 
puiiUShed in the Siibntiiu Amitbicar The wlsdotn of pub 
lishfng the biiiTrifBRT was demonstrated when the drat issue 
hearing date of January 1 1870 was placed on aaie a week 
In advance of that date and all copies were exlmusted before 
the first of tbe yesr maklug it necesnary to publl<ih a second 
edition 

We hai 0 come to another such momentous period in our 
hlntor\ Again wo feel that a apeciei journal is demanded to 
meet the requlmnents of the tiim The groat war has 
awukefiod in tlif American public as in Uie world at large a 
wide-spread Interest in science, both pure and applied During 
tbe war we had to turn to acieiice for help There was scaree- 
h Hn\ brnmh of science from astronom} to geology, from 
meteorologv to psy(holog^ that was not called upon to solve 
the probleins that arose Our unlveraky professors were en 
listed In the (ause and they rendered invaloable service 
Never before has sc U nee had wicli an opportunity to d«non 
strmte its worth and tlie demoostratloa It gave has con 
veited the general public from an attitude of mild contempt to 
one of deepest respect 

Even before we were dhrectly Involved in the war the aud 
deu CQttiog off of suppllee from Oerman} made us reallre 
that our only road to real Independence lav in enlisting the 
help of seieace to Show us how to make with our own hands 
tbe jwoducts which we had previously bought from foreigii 
countries As a consequence^ there is a wide and growing 
demand for rse o arch In all fields of teehnotogy Furthennerei 
tile public has been edoqited to the necessity of keeping 
posted on the p togre ra of science Bbigliieen manufacturers, 
bn ii n sss awOf gU teAUsejaarS fully than ever before the inters 
MaHon between v«xio«ii tmndiea of tedmology No lon|er 
may a ihan coofine Ms reading to Ms own rlasa or technioat 
jMrtwls Be fisnSt keep tnxM of the march of sdencf in 
conttguons gnf apparewiir remote Saids 

meet tUs 11^ we havA dotctnilnad to supplant tbe 
BeaphMo AMmosa iMmiaivt tvkh a iSbrjr jou^ much 


broadened In scope The new-s that Is of immediate Impor 
tance which often receives eiioneuus or superficial treatment 
in the dally press Is amph supplied In the weekly ScDCRTmc 
AmaicAif and so It seems eminently fitting that the more 
setious or larger articles ^^ch are worthy of pubUcatloD 
should be treated of In a mo/i/A/y lournal Hence we are 
publishing the new Journal as a monthly magazine of ninety 
six text pages wliich will give us aniidt room for all the new 
features we wish to include Tbe Sgibhtoic Akoioan 
M oRimv Is naturally a distinct publication from the wa^ly 
8 C 1 EVT 1 F 1 C AHtBicAir but at the same time it will be doeely 
allUit with that Journal Many Important topics which ow 
ing to the Umttations of space lan be referred to only briefly 
ill the latter will Ih published in full in the monthly Journal 
thus making the new Journal a most important if not an ab 
solutfdy Indispensable adjunct to the Scanrtrru AMBBfCAif 
We lAiall continue our policy of publishing the more impor 
tant annonncenientB of distinguished scientists appearing In 
foretpa as wdl as domestic pablioatioos, thereby reflectlDg the 
most advanced thought In science and technology throughout 
the world In these columns will be found tbe complete text 
of significant European articles furnishing often, the only 
translation of these papers obtainable 
In order to keep onr reailers sbreest of the times we have 
arranged with the Aimrlc'an Society of Mechanical Fngineera 
and al^ with the American Institute of Mining and Metallur 
hkal Fnglueera to supply u^ each month with summaries of 
the nioie important aitlclea aud papers dealing with their re 
«ipective fidds of tedmology In each case the source of the 
article will be given so that the reader may study the com 
pifte orlglnat te\t if he so desires In a similar manner the 
fields of appllefi chimistiy and electricity are covered by di 
geats of the more important articles appearing in the diem 
leal and electrical Journals This feature of the ScimTinc 
AucBicAif Mozvthly wlU be Invaluable to a wide rircle of 
readena^Siid especially to pfogreaslTe manufiacturers 
We wish to call particular attention to the department 
devoted to the work of the National Research Oouncil This 
departmenl^wiU be used as an official organ ot tbe National 
Research Oonndl to keep tbe pnblic Informed of the work that 
the Ooundl is doing in organistng sdentifle research and In- 
trodudng it Into our Indtistrlas It la one of the alms of the 
Ooundl to make science u iuiporttiot an adjunct of manu 
factnre in this country as It is In Germany 
We are endeavoring In every way to make the SomifTine 
AIcwcar MoRtbit a most osefol Journal for the monuliac- 
tuMT and an Interesting one for the general reader aa well 
iTor (Me reason we are Indiidltig In onr oolumns the recent 
advances in pure as w<U as appHed scienoe We diaU wsloome 
oonatmctlve criticiaui from any of our readers— Bnnoa 





Improvised Orthopedic Exercising Apparatus* 

Specialized Corrective Gynuiattic Exercues for Soldiers and BeqnutC 

Rudolph S Reich, M D , Captam, M C , U S Army, Fort Shendan, 111 


D CUING Jane 1018, at Oaxqp Oodjr, New Mezloo, the 
owip orthoptdlo staff waa ooufronted wltb tho nacsanit^ 
ot ttfrylng OQt on a larso scale, manjr apada ll aed cor* 
laottve gsnnnaitlc ezerdaes for soldlen and recndts among 
whom were toond all of the whole gamot of orthopedte de- 
fOeti weak feet, coctimctares of the Qnger, wrist and larger 
Jetnta, limttatlen- of motion of yarfooa joints Incident to re- 
cent feactofee, eta For thla work the medical d^rtment 
provided the orthopedic staff absoliiteiir nothing In the way of 
readymade orthopedic apparatns, each as Zander m ac hlnea , 
asd at that Oie prl^plaa of Tocatlonal rsoonatmcOon 
had not made snOh axmllancee arallable The idiednle of gym 
naatlee Indnded speciallead caUsthenlc ezerdae without ap 
paratns, supplemented by a general dally rontlne anited to 
the Indlrtdaal needs of the men Altbond^ cscellent resnlts 
were escnred It seemed to me that the end results might be 
angmeated by the employment of apparatns designed to assist 
In correotfre and deTdd;«iental work 

ASPABATcm fOfl THB LOWZB ZZTBBinTT 
the need of aigMratna to fadlltate flexion and ez 
tension of the foot and knee we devised wooden stepa bavliig 
a rlae of 0 Inohee and a tread of the same dimension arranged 
in and) a way that the patient walked up four and flown the 
■SM nnmber Wooden hnrdlei 8 Inottea high, were made (Fig 
1) ThsM were placed at variable distances, and each man 
■leppcd over theqk In inch a way that hla foot jwaaed dl 
reedy ovw the hurdle, neceisltating flexion and extension 
at the knee and extension of the foot 
The SQCceiB of this siiiiple device which was no doubt partly 
doe to Ifa novelty, encouraged ua In attempting other appli 
anoas We tried to pfccnct an old tewing machine to edmiilate 
dorsal and planUh ffexlotf by pedaling bat were nnahle to do 
iOi and decided to boUd Itb eqnlvalent Throogh the conrteay 
of the ledamatlion and conservation officer, we obtalimd a fly 
whed of a wabhlnf machine Short pieces of vaiiona siies of 
lQmb« wens flblah^ throogh the courtesy of the constractloc 
qnsrtennaster ▲ frame, 80 Inches high and 24 Inches sqnare 
(Fig 9)f waa co natiurte d oat of two-by fours An offset was at 
tached to the right aide and in the Inalde of the frame, to 

*n«ed Mem the Beetim on OrthoiMdic flnrBerj at tb« ScventltUi 
Annas! Smtea of tha AmorlatB eioCIcal AasooUtton 


whkh was attached the fly irtieel 34 inOhee in diameter The 
foot pedal which waa the (ffiief medianleal feature made of 
2 by 10 loiflber, rested on an elevatloii from the haesb whidi 
waa similar to that of a eewlng machine^ and It waa Jiflned to 
the fly wheffi by means of a wooden connection rod The pa 
tlent a east was bnllt to the frame, and hla fbet were atrapped 
to the pedaL The efforts to force the fly wbert gave the derired 
dorsal and plantar flexion with resiatance, whkh was gradn 
ated by an adjnatable brake ^ 

Another madilne, similar to the one described, waa con 
stmetedt la whidi the pedal waa hinged to the frame In eoch 
a way as to bring the falcmm at the fkr end of the pedal, and 
in this wsy a wider range of dorsal and idantar flexton waa 
obtained 

The Red Crou obtained for ns an old bicycle, which In 
eluded the frame saddle sprocket chain, and rear a tie and 
gear only Ihls was fixed upright on the floor by means of a 
wooden frame (Fig 8), and a rear wheel was constructed en 
tirdy of wood Pedals, whlrii were 10 Indies long also had 
to be improvlaed of wood The feet were atrapped to them 
and by patting the pedals Into motion flexion and eztenaloa 
of the hlpe and knees as well as dorsal and plantar flexion, 
were obtained Resistance was graduated as In the other appar 
■tUB, by mas ns of a brake 

For patients afflicted with weak feet with ahdnction and 
pronation, we need boards (Fig. 4) on whkh men received 
systematic ezerdaes In their bare uit Short strips of 2 by 10 
lumber, 12 Inches long, were cat down into doable inclined 
planes of 120 degrees with the apexes upward The dlatal 
end of the board was cot to a point forming an angle of 120 
degrees and this point was notched oat Into a aemldida In 
this way dorsal and plantar flexion were easily obtained from 
the metatarsophalangeal Joint, when the man sood on the hoard 
with hla feet parallel and 8 Inches apart and his toes over 
the distal end of the board while the Indlne placed the feet 
In addnetloa and raplnatlcHi 

For the tame porpoee a long runway was conatrticted In the 
shape of a double inclined plane, with the apex pointing upward 
at an antfe of 120 degrees and the men were Inatmctad'to 
walk along thla Incline wltb feet parallel or toeing slightly in 
ward 
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ArPAM4TUI WOtk TttS UPVU KXTBBlIItr 

In conrideriiig Appantni for the extremity, we first 

attempted to ooutract esercleers The aTSlUble materials 
consisted of dlseardad pQUoys rope and old shell easlnsB filled 
with sand for wil^hts Handles woe made frrnn broom stldm 
and So 6 galTaidsed Iron wire Three types were oonstnicted 
The first In whkh the poll was from abore downward and re 
enlred only two iralleys, firmly attadied to the ceiling, orer 
whieh the rope was eiupended with the weights and handles 
on elthw side The second In which the poll was on a horl 
sontal plane and required four pnlleys The first two were 
attached to the wall 4 feet from the floor and 2 feet apart 
The second two were suspended from the wall 8 feet abore and 
6 indbes to the outside of the Tertlcal jdane of the lower pair 
The rope extended from the bandies through the lower set of 
pulleys then throotfi the upper set, and to the sh^ casings 
In the third type, the pull was from b^ow upward and also 
required four pulleys The first two pulleys were attadied to 
the floor at the Junction of the wall and 8 feet apart and the 
aecond two were attached to the wall 6 feet above and 6 Inches 
to the outside of the vertical plane of the lower ones From the 
handles, the tooo extended first through the lower set of pul 
leys, then through the upper set and finally to the weights 

For exercising the deltoid musde and for producing drcum 
ductlon of the shoulder Joint we employed a large fly whed, 
80 Indies in diameter, salvaged from a washing machine (Fig 
3) This wheel revolved on an axle whldi was fixed at one end 
to a metal bracket, a part of the original washing machine It 
was mounted on a wooden dfeet 6 feet from the floor, and in 
such a way that the axle projected horlsontally at right anglea 
to the wall A wooden handle was Inserted Into the rim and 
a wooden brake was applied against the rim the pressure be- 
ing regulated to salt the needs of the patients 

An apparatna for pronatlon and snplnatloii exercise of the 
forearm was tbua constructed A piece of two by four about 20 
Inches Umg wts trimmed down at each end to leave two cylln 
drio projections like the hindles of a rolling pin {Tig 6) It 
was mounted <m a pair of wooden brackets fastened to the 
wall, 80 indies from the floor, In t position shnllsr to that fer 
a roller towel rack, and was then perforated in the center at 
right anglea to Ita long axis, a hole being made of the right sine 
to teee l ve snngly Che shaft of a tawed off shovel handle, vriikh 
was poshed throoph it with the handle on Its near side, and 
the fhaft projeetinc toward the wall Two woodmi pint drivan 
through the Aovel handle one on either side of tho erosspleoe, 
fixed the nhovd handle In this position without preventing its 
free rotation In the holA At the dlatal end of the shovel handle 
and at right antfei to If; there was attached a stout lever arm 
filnchesloiimahdfram thiaa weight waabnspended Wheseaa 
this machine was Revised amrely fer pronattbo and snpinaHoo 


ezerdices by rotating the shovel handle, the roUhr bfttl&ff 
permitted an adjustment for the height of the man. 

We conatruoted another appliance, BlmUar In every detilLte 
the pronatlon and suplnatloa machine^ with the ezoiptMt that 
the shaft of the shovel handle moved in a large oval op s (lri >|^ 
thus giving the handle a wider range of movernttit > 

TV> produce drcnmdnetloa at the wrist; we moonted A wheel 
with Its axle on a wooden bracket In the same poe l tloh M Ih* 
wheel In the shoulder dictimduetlon tpparata%. With the eo^ 
ceptlon feat the axle waa 8 feet high (Fig 7) Ifee wHgil wee 
32 inches In diameter and It alao was obtained ttom fee aA- 
clamatlon department A wooden arm siqiport wgs mountid 
on a level with the axle at rli^t angl^ to the pIgM oi fee 
wheel and 32 Inches away from It The arm was Ifeii twfee 
Hupport by means of straps in such a posltlou feel the oaspo- 
metacarpal Joint rested on the edge of the s igpert The pA 
tlent grasped a discarded screw drivdi in hip himdi And plao> 
Ing the shaft between the spokes, propelled fee w|msL TUfif; 
the desired drcumductlon was obtalnsd. 

AFPABATus VOX simuL rxnKUSB 

For the purpose of obtaining general exerdse^ a rowing aaa 
chine was soggested Two uprights were WtA fe the fioot 
out of two-by fours 90 Inches high 4 feet apart and 4 feet tsm 
the wall (Fig 8) Oars were oonstnicted out Of two by fettn, 
8 feet long the ends of which were whtftted down fer headisa 
The oars were pivoted to the uprights ferongli tbetr ofetem by 
means of discarded motof valve stems Two pdUeya were feat 
ened to the wall at the same height and immediately 
the distal ends of the oars, and two more placed 8 feet above 
and 6 inches outside of the vertloal planes of the lower eat 
Ropes were tied to the distal enda of the oars and avtanded 
through the loweV pair of pulleys thvn through Che upper pair 
to the two shdl casings filled with clay as wel^ta A seat 
was mounted behind the oars with feree feotraila la trout. 
Four rollers attached to the bottom of the seat permitted tree 
backward and forward morion on a wooden tra^ The nor 
elty of this device proved to be quite attractive to the SMA, 
and they took great advantage of It 

• COMVXHT 

The purpose of this brief rmtew of the practloal i^iplioa 
tkm of well known sclenrific prlnclpleo in the crude appa 
ratus devised will be served If I have been albe to denum 
etrate the early approach thei4||B to the larger field whkii 
concerns us now as orthopedic Kgsons iiamely, fee tpplloa 
rion of the iHrlnciplee o( voffepfefl^^lnlog and reAdacarion 
to fee wounded eoldiem ntumlof to our reoonsMction hoe- 
pltala It Is b^eved riiat the sucofes attained in fee serrloe 
aft Camp Cody will be enoouimglng to thoee who may be 
called on to make an effcM at rfeaWUtatlCQ In mnters where 
modem meana of vooatkMml training may not be readily 
avaUable 
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A Pendulum-Type Testing Apparatus* 

Testing Potossiimi Chlorate Explosives at the U S Bureau of Mines 

By S P HoweU 


1 1 huB long been kno^n that many commmltl explogLt«B 
inav he exploded by fe\ero and prolonged friction It la 
aim> a ell estabUabed that aomc ezploalvea are more 
netmltlve to friction than otheis 
Oerlaln klnda of poCaaalatn chlorate eaihaHea have long 
been regarded aa very aenaltlve to friction ns evldenciNl by 
the fon>wlng quotations from Berth^ot Oody Duprd spd 
BrunKwlg Berthelot says ' 

BerthoUet after having discovered potassium chloiato and 
rtODi^nlKd the ozldlslng properties so characteristic of thla 
salt thought of utllialng It In the nunufacturo of ttcnice 
powders He made weral attempts in this dlrectloot but 
Immediately suspended them after an explosion which hap-> 
pened duilng the manufactun carried on at the Fssonuea 
pnwd<r factoiy— an <rploslon In which aeveml persona were 
killed around hlmwlf Ihe seme attempt has been revived 
at various periods with certain variations In the oonposltlciD 
But In evm case exploalont followed by lou of U vo e ■ 
such for Instance as those which happened during the siege 
of Paris In 1S7D and at L Boole de Pyrotechnla In 1877- 
happened befdre long In the course of Its manafkahire 

It \n thus clear that potasalum riilorate Is aa extremely 
ilanaeruiis substance which la only natural hecatse its mix 
tore with combustible bodies Is seasitive to the Utmt khock 
or friction 
Oody kkys ■ 

Fsaer mTIt g~BQrfsa mirn 
'BwMot ILF H BiploslTSf and tbeto povsr translated by C N 
lieu and WWIam Macasb iSOt p Slg 
«edr h, TrsJto tMoriqae et pnritoiM dei astllrto sthhwives 
trd ed 1007 p 240 


BerthoUet missed losing his sight from the exjdoslon of i 
chlorate explosive during Imprudent manufacture In a 
moitav 

The mixture of combustible material with potassium \,hlo 
rate must be made with the mfontest predsutlons as th 
least shock or friction may cause an explosion 
Dr Duprd as dted by De Kalb* says 
Ohlorate of potassium on account of the readiness with 
which It lends Itself to the production of powerful explosives 
offsrs M grest tomptatloa to Inventors of Ufiv «\plovI\eH and 
many attempts have been made to put It to practical use but 
so far with very limited success This H chiefly owing to 
two causes In the first place potastlmh chlorate U a verv 
unstable compound and la UaUe to suffer decompoaltlovi under 
a variety of drcuotstances and under comparatlvdy slight 
<bntses chemical and mechanical All dilorato mixtures are 
Hahle to what is termed spontaoeoui ypiltlon or explosion in 
the presence of a variety of materia^ more parttculariy of 
such IS are add or are liable to generate add and all chlo 
rate mixtures are readily exsfloded by percussion such as a 
glandiig blow whldi mltflrt easily and would often occur In 
charging a bole In die second place there la some tridenoe 
to show that the seosltlveness to percussion and friettoo In 
creases by keeping; ram e«paetoU| If the explosive la ex 
posed to the aetkii of iboM and dry air altocnat^^ 
Brunswig;* a more recent aotbority in speakHg of efalonito 
powders says 

*Theso powders have fisedved Uttle ttimtbm e^ aeoaant of 

•De t!oort«asy KaSM^ imtadvra ISH la to 
•Bn ra smd B ttqOtoltoi totaBatofi sad aidstotsd to 6 a 
tcaaroe and A L. dUMc % ito | 
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tbthr gmter toward ihoat moA fnctk^ f« 

mo^ rMot'tftd«% tevnM^ tte pr^paentfoo dOotutte and 
pt Mdori^ di tff < ^6trt ml mitbodft bts mad* tbaaa vdbMaiMM 
war to obUlB, M It IIM beid> dlMovwed Umt the addition 
hf Iktt^ otla to cbldcate ft Utm ed decmees their miltlveiien. 

*i%ilOtidt adniM mwta^ of Ale UajeM^r# imqK^etore of 
«Kplo#Nb( Great BrtWft. redord ftree and egcidoeto&e with 
YwrioW potaeatnia ehlotatt taploaivee duilng the opufatton of 
atnlng; $d4to^ ftmailsg with aoodeD ntminen and ram 
mint vtth broaae nunmdr*'* 

A osfMA idilpvate «xpkMi\e that le need tn tbe- 

Oalted ChMee add la dMsnafed ^lorate exploeive B** In Chla 
pai^ tee come ander eoeiilctoB became of premature «x 
ploaAoBs that oocorred ^vhlle It ^aa uaed in bltnmlnona coal 
nlnalL The detalU of tboee acddenta are aa tdllowa 
» 1 White tmerrlnf copped needte In a charge in a tamped 
bore h(de the charge exploded tBoer not injured 

2 IthtB aoddent occurred leaa than one hour after acddeut 
1 bat in another room of the mine The charge exploded 


bittiiolnoiie coalii and eepedaUy tboee of the Middle Weat ha\e 
Iheee pyrltlferona banda 

At the HiggMtiOD of Clarence HaU^ cblef exploalTaa ea 
gineer of the Boreao of Mlnea the expeiimrati described b^ 
low were made to determine the ^ect of pyrlte*bearlng coal 
on senaltiTSDais to friction of potasalum chlorate explootvm 
Gblorate exploelTe Bf which failed to pass the pendulum 
fHctloa teat with the wood fiber Oboe dropped from the IVfc 
metei position, gave no unfarorable reaulth In 10 trials when 
the wood flbw shoe wan dropped from the 1 meter position 
Under the same conditions, but mixed with small pieces of 
iwrite-bearlng bHumtnous coal, the ex];doslve Ignited In each 
trial It wan found also that Ignition occurred when the 
height of fail was reduced to ^ meter and eren to meter 
Similar test| akde with FFF blhdc blasting powder and 40 
few cent nlth>gl>ceiin dynamltp (pSTS no IgnltlonsL 
In order to determine the friction of a ino\lng 

copper uire needle In a bore Iwde would be suflUdent to cause 
an ignition of chlorate exploatve B, the fbllouing test was 


white the hopper needle was 
bring tnamted In the charge 
In a bore hole Miner not 
Injured 

8 While pushing a 12 Inch 
cartridge Into bora hole, with 
copper needle Inserted about 
6 Inches Ip it and jumt be- 
fore kAmXfie reached back of 
bore the charge ex 

ploded Miner se vei el v 
burned and hand bi\dl> lac 
erate4 

Other potaarium chlorate 
explosives motalnlog potas 
slum chlorate and sugar also 
exploded prematurely In coal 
mines in the United btat<s 
The details are as follows 

4 A T inch by 1 Inch cbaige 
had mlsaied In a 5^ font 
bore brie, presumablv on ac 
count of using uet aqullis 
The stemming was tlicn 
drilled out about 8 feet and 
copper Jieedle Inserted to re 
form the needle hole The 
needle went Into the clay 
stemming easily and the mlnei did not Imre to exert any 
strength to force It He uas turning Uie needle around to 
form riie hole for the squib and Juat as the needle went 
through the stemming It tnmml to go a little bit faster then 
the ihot went olf pramatureh The miner lost the thumb 
and Index ftngqr ot his left hand besides being lacerated 
about the chest and arms, and bis face was slightly cut 

5 While a miner was tamping several inches of stemming 
on the explosive It evpioded No Injury reported 

6 After putting in several handfuls of stemming on the 
explosive It exploded The cartridge had been broken when 
bring inserted No Injury repeated 

7 Exploded while pusblpg the copper needle Into the ex 
plorifo No injury reported 

In view of the frequency ot these acoldmits and the seem 
Ing ease with which they took plaos, not exidanable by 
the aenritive n ste of the expliteAve Itsrif to friction, it was 
constdMd adrlsabts to detara^, If posslUe, the cause of 
the excesslye sensftlveiieee to fridlou 

Ai the cogl Ih the mines ta these accidents ocedrred 
eoPtaius ivrite4»snrlpg hapda, thoutfit that the pyrke 

might be atemwMd hause of 11^ nMdents as practically gU 

teMi aaattrilnjMfiri^^^ TiSTiaiT oA amiimi lime 

p BO 84th aaml sipm, p 104 sethft|Baflsi teport iPU, 

Pp ice 


made 

A hole one-half inch in dl 
ameter and 4 Inches deep was 
drilled In a block ci bltuml 
nous coal A 2 gram charge 
conristlng of 4 parts of chlo 
rate explosive B, 1 part coal 
dust and 1 part pyrlte of the 
same granulation as the ex 
plosive was placed In the bore 
hoh Ihe friction from the 
intnement of a No 8 (B AS 
gage) copper needle within 
this mixture caused Ignition 
Kepeated with three other 
chlorate explosUes of the 
name general type this test 
gave the same results 
Similar testa with FFF 
black Masting powder and 40 
per cent nltroglvcerln dyna 
mite gave no Ignition 
An unpublished report by 
Rossril B and Treaduay B 
Munroe which was available 
to the Bureau of Mines on 
the effect of metallle snl 
phldes on a sodium chlorate 
ixploslve Hhowed that both antimony and lead sulphides in 
creased the seosltlvi ness of the explosive to friction more 
than pyrlte 

This conriusloa Is In part corroborated by the work of 
Oushman* who shows that In priming compositions fhe com 
positions containing antimony or lead sulphides are more 
seosltlye to Impact than the comporitlon containing pyrlte 
To defensine the sensitiveness of potasslam chlorate ex 
ploslvsi, the BngUsh have long used the broomstick test This 
test risisists In spreading a small quantity ot the explorive on 
a 4dnf^ wood surface and striking it a glandng blow with a 
hroomstldL An exploriTe is oousldered as having passed this 
test If If foils to explode or cradc when tested repeatedly 
A rawblde-raallet test has been used at the Bureau of Mines 
and ris e w h ere to determine the sensitiveness of explosives 
A small portion of the explosive Is iqwead on a smooth oak 
surface end struck a glancing blow with the mallet The ex 
plorive Is considered as having pMsed this test If thers Is 
no exploston or local crackling 
Obviously the broomstick test and the rawhide-mallet tost 
lack the uniformity In exiecutkm that should characterUs a 
sdentillc frlctUm test, so in June 1911, the Bureau of Mines 

•CBshmStt A 8 Antimony mlphlda •« a conotltum'la mUtteiy 
ud wwrtlBg nnu yrlmm Jonr /»d and Xng Chem ro\ 10 
1918 p Itb 
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designed a pendolain friction device The lint teats with tt 
were made In September, 1911 Teats of a variety of explo- 
sives, IndodlDg pemissiblo e9;irfoalvea, commercial exidoalvea 
other than pennlssibles blade blaatfng powder, and potasatom 
chlorate explosives showed that all explosives except a cer- 
tain potassium chlorate explosive passed the test 

In October, 1911, a committee consisting of Dr 0 B Mnn 
roe O P Belstle and Clarence Hall was appointed to pass 
upon the propriety of the pendnlnm frlctkm test as a re- 
qhlremefit for determining the pemdaslbUity of explosives 
for use In coal mines 

Aftir studying the results of the preliminary teats and 
wHnesalDg tests of the pendulum friction device provided 
with a wood flber Shoe the oommlttee recommended tiie adop- 
tion of the test Their report was approved by Director J A. 
Holmes on November 22 1911 

In the opinion of the director and the committee^ the fall 
ure of an (\plosl\e to pass the pendulum friction test as 
adopted by the Bureau of Mines should be considered an unfa 
vorable physical chaiucterlstic because of the UabiUtr of such 
an exploffd\e to explode in drill holes by such friction as may 
be produced by a 
tamping rod More- 
over, they decided 
that the Bureau of 
Mines was not war 
ranted In placing on 
the permhialble list 
any explosivt that 
failed to pass the 
penduhim fitctloo 
test, but did pass 
other required tests 

The pendulum 
friction device 
adopted by the Bn 
reau of Mines com 
prises a steel anvil 
and a swinging shoe 
The anvil has a 
smooth face 8 20 
inches (83 cm ) 
wide by 12 inchest 
(30 5 cm) long In 
the middle of which 
are three grooves for Inddlof, the chaise of exploslvi The 
shoe Is 8% inches (83 tm ) wide its radius of swing Is 6 feet 
070 Inches (2 meters) and the radios of curvatore of Its 
face Is 10 0 Indies (307 cm ) The shoe may be of steel, or 
of stotl faced with hardwood dber or other material and may 
be dropped from heights up to 787 Inches (2 meters) Added 
weights of 2 2 to 44 pounds (1 to 20 kg ) may be used 

In the official tost adopted by the Bureau of Mines a 
sted bboe faced with hardwood fiber 44 pounds (30 kg ) 
added weight and a fall of 091 inches (10 meters) are used 
Phe shoe is squar^v adjusted so that when there Is no ex 
plosive on the anvil it will swing across the fkce of the anvil 
18±1 times before coming to rest 

In making the test 7 grams of the explosive is spread in an 
even layer in and above the three wrooves In the anvil Bach 
test consists of 10 trials After eadi trial tbs remahtlDg 
(xplostve is brushed from the anvil sod shoe and both are 
thoroughly denned with a solvent to insore the oomidete re- 
moval of the explosive When the steel dice Is used, both the 
shoe and anvil after each trial are rubbed with carborundum 
doth to remove any ronghneim caused by the preceding trial 
thus any gritty material fs thoroughly removed 

Hie usual tests are made at normal temperatures (1,4* 0 to 
80 CKll the temperature of the anvil and of the shoe being 
controlled 

The obsesratloos made are ex^Mon, whether complete or 
partial burning local crackNng, whether distinctly auihble 
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or almost Indlsttnguldiable and do local cradtilng An«eac 
plosive that gives no mm unfavorable result than sn tlmosc 
indfistingulshable local cradcUng with ths wood flber slioe*lB 
cooilderad as havliig passed the test * • 

As soon as tests sbowsd that ths steel ibos was mm severe 
than the wood-fiber shoe, explosives were first tsstqd with die 
stsd shoe and usually were not tasted on the wood fiber shoe 
if they passed the test with the steal shoe (Ths BuUsMii 
oofrioiss a aamher of tohlet loMch ere omiffad-*Ekanm.) * 

SUHKABT or BESULTS 

I lasts with the steel shoe are much more severs Chan 
tests with the wood fiber dioe 

Forty per cent straight dynamite passed the test at 20 
meters faU and 20 kilograms added we^ht with the wood 
fiber riioe, but failed with the steel shoe at 00 meters fall and 
200 kUograins added weight, and 1 0 meters fall with no added 
weight Moreover, the record Mk>ws that 40 explosives failed 
udder teat with the ste^ riioe but passed the test with the 
nnod-fiber shoe but for no explosive was (he jnaverse true 

3 All tht exploslvas tested vilth the wood flber shoe paned 

the test exoept 10 
potassium chlorate 
explosives and one 
perchlorate ex 
plosive 

8 Of 287 samples 
tested with the steel 
shoe 60 failed to 
pass the test 
4 Bla<fic blasting 
and ignition pow 
ders, blasting gela 
tin ammonia dyna 
mites, and organic 
nitrate exploslveB 
(other than oltro 
glycerin) are not as 
sensitive to friction 
al impact as the nl 
trogiycerln dyna 
1 mites and the gria 
tin dynamites 
0 UNA, tetryl, 
50/00 amatol and 
00/40 sodatol are more sensitive to frictional impact than 
I NT picric add amnnuilam piemte 85/10 amaUfi, 80/30 
sodatol 

6 Tests of TNA, and of 40 per cent stral^t dynamite with 
the steel shoe show that Increasing the height of fall In 
creases the severity of the test 

7 Tests of 40 per cent straight dynamite with the steel 
Mhoe show that decreasing the added weight decreases the 
severity of the test 

8 The tests at normal and high temperatures Miowed that 
DO discriminatloD can be made on the basis of increasing the 
temperatnre 

9 Potassium chlorate explostves have proved extremely sen 
sitlve to frictional imiuct even yAxem the wood fiber shoe la 
used But some were rendered sufficiently Insensitive to 
frictlcm by adding an adequate quantity of mineral oil, vegeta 
ble oils and aromatic nltro compounds 

10 That the pendulum friction device, as adopted by the 
Bureau of Mlaes, is not too severe Is Indicated by the tact 
that one of the potassium dilcmte explosives which po— 
the test has on more than one occaalon exploded prematurely 
during maoufactura and use On the other hand, potassfum 
chlorate explosives of the general type of B (potassiuiD chlo 
rate, and gum arable) which failed to pass t^ pendulum 
friction test exploded prematurely on several occasions in use. 

II The scosMvciiess of potassluiD chlorate esploslyes to 
friotkm Is IncTvased b> the presence of pyrlte-bearing ooaL 





Luminous Living Creatures* 

The Mystery of **Cold Light** 

By Dr Raphael Dubois, Prof of General Physiology, Univem^ of Lyons 


I IVINO crettnra produce not only motion, heat, and 
electricity but also light, more or lean vital In dtarao- 
^ ter, and the glow worm with which all the world Is 
familiar 1 m by no means a moncHKily of this manufacture 
In every part of the globe, In the air, In the woods and 
meadows, in the bosom of the waters, there are living signal 
lights glesming with strange and ahimmering fires which are 
incomparably beautlfnl and snggeatlve, not only In the eyea 
of the poet but even more so in those of the savant, for the 
sdoktlflc researches which have been undertaken in the hope 
of plnckliig fipom nature this mar\eUoas 
secret of hers are numbered by thousands 
Upon the surface of the ocean, sometimes 
over Immense extents, the sea shines with 
a sifiendor that rivals the starry flrma 
ment while in the depth of its abysses 
fairy lllnmlnatloDB enddenly blare forth 
among the forests of polyps at the passage 
of fantsfftlc animals, which are themselves 
wreathed wHh shining gems, the strange 
brilliance of whose fires would put to 
shame the most sumptuous Jew^ 

Plants also produce light In the 
gloomy galleries through which the miner 
ever <m his guard ogatnat the deadly fire 
damp, bears his dim and dangtrcnis candle 
the myoellnms of fungi shine upon old 
worm eatmi beams with a calm pale 
harmless, moooll^t gleam It is these 
vegetative organs of fungi, also ^hic^ In the forests produce 
the pho^»lic»esosiioe of dead wood and leavea and old stumps 
Adult fimgl, such as the Agaric of the olive which Is com 
mon In Provence; Ukewiae shine In the dark In Brasil and 
in Australia the emerald green light of other species is so 
bright that one can easily read a newspaper or see the time 
on a wat^ dial by means of this living torch 
Most extrsordlnaiy are those in 
finitely small fungi the luminous 
microbes or Fhotobacterla Some 
thirty species of marine origin are 
kncmn Ihey are particularly 
abundant in the mucus of the skin 
of sea fishes, but their pho^dM>- 
reecenoe does not devdop, however, 
until from twenty four to forty 
eight hours after the animal has 
been taken from the water It la 
readily communicated by mlcro- 
blan contagion to butchers’ meat 
The latter often becomes Inmlnoua 
when It is merely exposed to the sir 
after having been moistened with 
salt water The phosphoresceoce 
Is ccmtimioiis but Is soaroely vlsl 
ble except at night whoi the eye 
Ik rested fhvm the light of dv 
The first phosphofeeoent microbe 
of meat wtdch has been Isolated 
and cultivated in the pnre state is 
that to which I have given the 
name oC Photobaoterfiwi, soroo- 
pMhMb The Ingeetloii of these 
mlcrebee is not at all dsngeims, 

•Trutfstsd tnmlMmoi # Le ^ 


the frog CBSX never be Inoculated with them with im 
punity, as I long ago demonstrated The same thing is not 
true however, of certain small crustaceans (shrimp, prawns, 
sea fleas wood lice) wbidb become entire luminous after 
inocQlatlon but soon perlab Qnatv and mosqnltos sometimes 
exhibit this luminous malady spontaneously and it might be 
possible to attempt to destroy by this mtans these creatures 
which propagate harmful germs like that of malaria 
I have found non pathogenic luminous microbes in the In 
terior of the organa of certain animals which are themsrives 
phosphoruecent However, those persons 
who pretend that these are normal or 
•yfoMotfo microbes which produce physl 
ologlcsl animal light have Incorrectly inter* 
preted my observations A very curious 
drcumstance, however la that when Inocu 
latlng with photobacteria gelatlnoaa boull 
Iona containing ledthine I have prorcdmd 
the formation of lurnlnons cells much rs- 
semblmg those of the glow worm in cer 
tain respectfl. They are formed by the 
agglomemtlon of a multitude of pbotobac^ 
terla which have loat their bacterial form 
and become transformed into very small 
ndcroGocd The pbotobacterta are very 
polymorphons and very polyblotlc; which 
has led some authorities to multiply the 
^)ecies without Justiflcatioa Thera ore 
some forms which are immobile and others 
uhich move by means of propuleive dlla In their Internal 
structures these forms resemble the vacvoMi or mlcrolendtes 
whlcdk I have described as being the moat simple general form 
of living substance or bioproteon 
The Inminons mlcrobcM are easily cultivated in liquid or 
gelatinous nutritious bouillon containing three per cent of 
salt, by coating the inside wall of large, aterlUsed glass 

casks wHh gdatlnout bonlUon 
which had been planted with s^ 
lected pbotobacterla I was ena 
bled in 1900 at the International 
Exposition of Paris, to Olnminote 
as with the most beautiful moon 
light the underground diambers 
of the Palace of Optica It wu 
upon the same principle that I 
oonstrncted my IMmg lamp This 
is composed of a convex glon 
vessd whose silvered dome sores 
as a reflector and into which fll 
tered air paases through cotton 
wool inside of two aeration tnbea 
With this Utde night lamp whhih 
will last a month without going 
out and without consuming more 
than two cents worth of fud, one 
can easily read in the dark or dis 
tingoltii the objects In a room 
Moreover It Is very pcirtable and 
cannot set anything on fire since 
It radiates only cold HgAt Un 
happily I have not aa yet been 
able to Impart suffideot Inten 
sHy to this meCbod of lUnminatioa 
At the present time this lamp bos 
scsrcdy any possible pimcttcsl ap- 
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plication except in powder mills in mines where lire damp la 
fenredf or «s a niffbt lamp In those hot cooutrles where even the 
gentle heat from an incandescent electric light is annoying The 
light of this lamp is more feeble than that of the illuminating 
apparatus of Insects ot (<pliaIopod^ or of certain llshea« In 


sidte of tlie fuet tliat It Is a result of the same n action but 
the iDininous organs of these anfanals are provided with 
impuneiucutH which grcutl> augment their billllHnce When 
tlicM organs are crushed they do not shine unforlu 
nateiy, with any more brilliance than do the mlcrobeb 
Luminous animals are found in almost e\ery degree of the 
xobioglcal scale from the Noctiluca^ the microscopic infusoria 
which produce the magnlflceut and impressive spectacle of the 
phosphorescent sea« up to and including the vertebrates In 
the bosom of the ocean numerous photogenic Goelentera undu 
late gracefuUv like aalmat»l flowers made of the purest 
crystal — Medusas the cestus or girdle of ^enus flu Ph>sallii 
with their numerous Ashing tackle, while upon the anrfece 
there float flotillas of light Vdellae with their triangular 
sails, etc, etc 

Upon the bottom of the sea and even at the bottom of the 
abysses there grow the Polypidae actual luminous shniln 
whereupon the polyps resemble gleamlxig flowers with chaii^ 
Ing colors which glow with light at the slightest touch 
Then there are the starfish like the Brlslnga wlilth d< 
rl\e their appellation from Biising the name of the spark 
ling Jewel ahich rested upon the bosom of Freia the goddess 
of love and beauty in Scandinavian mythology Quite close 
at hand in our own gardens we often at night time tlie 
earth worms and the thousand legs leaving behind them 
trails of phosphorescent mucus and in south Germany I 
have seen the ground n>rlnkled with shining sparks like 
the sand of our beacAieA thanks to the presence of the lltth 
TApi$rit noctUuca But it would require a volume to describe 
nil these curious shining animals, for they are legion 
Among the crustaceans, the Oephalopod moUnsks and the 
flshea the luminous organs are often situated near the 
or around them In such a nwnner as to illuminate clearly the 
objects which tho desire to see Ihey arc then provided with 
lenses, refloctors, w.reen<i etc ahlrh make of them perfected 
lanterns called photospheres ' 

Althott^ less cdinpHfated than thest photOMp^ercs the Ian 
terns of the insecta are very brilliant Tliat of the female 
glow worm can lie dlsUagulahed for a long distance But 
nothing can equal In power and In beauty the signal lights 
of the Pvrophora of the Antilles This atuYdy and mognlfl 
cent lasptn possesses three of these^two upon the corseht 
and one underneath the abdomen It makes use of the first 
two wlien walking of the third when swimming and of all 
three at tlie same Hme when living These beautiful Insects 
produce a verj strlklnng effect when they fly along the edge 
of the woods or sugar cane plantations In the eveulung Om 
of them which arrived at Paris with some wood ftom these 
islands in September 1760 produced quite « little ^evolution 
In the faubourg St Antoine where it was taken for a shoot 
Ing stari rriie author of The BMorw cf th9 French AniUten 


{Hietovre das AuftOei f^nsaiie) P Dutertra, wrote In iftaT 
They tie like little animated stars which In the daxlmst 
nlghls till the air with an fnflnHy of beaodfbl Ugbta whlofa 
shine and gleam with more brilliance thaif the stara In* the 
heavens ihese little candles often reUeve the poverty 
of our good fathers who lack both oil aod 
candles for the greater part of tbe yesr 
When they are tlius reduced eeohe of 
them grasps one of these shining flies 
and reads his matins with as much ease 
as If he had a candle ' Then he adds 
fuithfY If these flies were Inoomiptl 
ble llki precious stones and oouHl retain 
their light it Is certain that diamonds and 
nihUb would lose their value It Is tuit 
astonishing therefore, that tbe beautiful 
Mixkwn ladicH keep these little cren 
hires captive to make of them living 
adornments 

When tbe New World was discovered 
the Indians enclosed them In perforated 
gourds hung In their cabins, both to light 
(lam bv night and to drive away snakes and mosquitos In 
tlmt of wai they made use of these signals whldi are ex 
tlnknished neither by rain nor wind to carry on a sort of 
optical telegraphy of which art they are thus the real In 
V tutors It was these siurdv coleopetera, of which I re 

ceived a number of llvinc specimens from Quaduloupe when 
I was a preparer for laul Bert at the Sorbonne, which en 
ubled me to make a complete anatoinlcal and physiological 
etucU thus discovering the secret of the Intimate medianlsm 
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of their curious lanterns and obtaining a defloite aoalyils of 
the physical properties of their bean^fsfl Uidit In the very 
heart of Paris 1 have oeen them lay their luminous eggs 
from whence Issued larvae likewise lumlnoUA so that in the 
case of these extraordinary insects as tn so many other 
photogenic animals phospborescense is transmitted like the 
flame of life itself without ever being extinguished toe a single 
Instamt from generation to gneratlon throughout the ogM 
The moUusoB llkewlso afford csrloug veetauus Ike Amo 
plofsaOa Aiademn Is a cattle flah oaoght at a depth of 1 BOO 
metera It Is provided with 24 lanterns, five ^ which are 
situated around each of the two eyes Tbeiw give forth a light 
of the most incomparable beauty One might laaglnt the 
body of tbe animal adorned with a dladani of precloas atonhi 
of varied dolor and of the flaest water The medlu polnta 
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egg, Which to lamloous neverthdem nor In ttie analocoiui 
amnmtiu ot the cephalo|iod> and the Itohea. DoahtleM the 
UUOBL OP THS UmLiSOaTOitJA9 MMLASOPB PTUDNED WITH UOIPPg WHICH 
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fblm witfa M ttHnuuitef while the lAteral oneii ahow 
fha tUiU ef mother of pearl The abOomloal organs send 
f^rtb rays of ^bjr red, while the pos 
terfor ones are White oa snow or pearly 
In tlntg |rkh the excepthm of the median 
point vrhldk ehines with a oelesHal blui 
Bat It Is only among the fishes that ae 
find organs so highly oompllcated ibe 
present a doable row ttiein on 
etch side of the body, as does the tarlous 
paradoxui whidi also 
poss o es e a lantem eyes bone upon long 
movable tentades 

In the Meianocetus of the abysses the 
signal li^t Is plaoed at the end of n 
moTalde wattle, and probably senes ns a 
lute to attract within the huge and will 
armed Jaws of ttie little monster the ui 
ganlsms upon which It oommonly feeds 
In other cases, as In the Phofobl^Haron polpebrntsa — a sur 
face fish of the Dutdi Bast Indies whose flshermtn utilise the 
luminous apparatus as belt^the signal lights are situated 
bdow the eyes and are morable like the latter which enables 
the animal to mask them n bene^ er It ho desires 


Apparently phosphorescence does not exist among verte 
brates higher In the scale than the fishes The lascs In which 
luminosity is exhibited by oadaverH by wounds by sweat, by 
urine and by excrement are pathological la nature and call 
for more extended study In all cases of orgHnUmn which are 
normally luminous the photogenic organs when they are 
differentiated consists of glands, which 
dlscbarge either outwardly, In the 
earthworm end the wood louse or **thoa 
sand legs,** or else internally as In the 
fishes the cephalopods, and the Insect^ 
their magnlfloetitly luminous secretion 
lAe yentrsl photogenic organ of the 
Pyrophonu noetUuoui Is a type of the In 
temal secretion luminous gland It Is in 
the form of a cushion traversed by n 
sinus at T At the Instant when it func 
tions the small lateral muscles diaw 
apart by means of traction the walls of 
the alnus^ Into whldi the blood at once 
ruAeSi causing the Instant anMiance 
of the light The muscles are activated 
by nerves coming from certain nerve cen 
tars and k is by means of these that the reflex or vc^untary 
contractloos whi<A control the lUomlnatlon and the extinction 
of the light are operated The gland Is constituted of rows of 
ceils whose disintegration yiilda the liquid of the luminous 
secratlon, which, upon contact wUh the oxygenated Mood 
prodUdM \he U^t, by a piocew which will be extdalned 
furtlur an The tracheat whldi are abnodqnt In these otvans, 
ploy Dwraly an aecessory part for Oiey do 'ont appear in the 


tra(hi>a serve here as elsewhm to aerate the blood an espe- 
(lally important operation in thu instance 
If (he luminous organ be crushed in a little water so as to 
tntirely destroy sll trace of cells a liquid is obtained which 
remains luminous for a considerable length of Hmev but which 
Is Instantly extinguished by any physical 
or chemical agent capable of destroying 
the rvinaues and the pfotelc substoncen 
AV heu filtered this luminous liquid is 
opalescent — like all colloidal solutions — 
and contains very fine granulations which 
aie tinned zymasic eacsolids 
Ah early ns 1880 I succeeded In demon 
■tretlng the fact that In the last aiialvsis 
Hie lumlnouii phtnomenon results from 
the (Hinfllct between two substances a 
/yiiiaiie and a protelc substance which 
exhibits afttr the action of the zymase 
till xantlc reactldn of nitrogenous or 
ganlc bodies This had to be made more 
deflnlte^but P> rophoras were lacking, 
and furtheimort their provision of lunilnous substance is 
inudi too scanty for extensive chemical researdi 1 turned 
my attention therefore to a lamellibram h Mollusc the dac^ 
tylated Pholas which is abundant In the vlndnlty of the 
inBiitlim laboratory of iihyslolo^y founded by me at Tamarls 
Mor Mer near loulon The photogenic glands of this shrfl 


fish secrete an abundance of a luminous mucus which exhibits 
the same leactlons as the secretions of all other lominous 
organisms; In whidi the fundamental nature of the photogenic 
process Is always the saw Not without great dKBcalty and 
repeated efforts, 1 was finally able to extract Isolate; and 
determine the chemical characteristloi of two principles 
which I have termed reqiectiTely iuciferoMe and luoiferine 
The first Is an oxidizing rvmase while Ihe second it a natural 



HOOEL OF THiB IaUKINOUB DflXnP flFA rrSH BABATBROSUB DiAPHi'SOUB 



TUS BTTLOPBTBALMUB PAkADOZUB WITH ti&MTBBNB AT TIIF KNDfi OdT 
TEMTAClBe WniriT AUY BL BXrBNDKD OB RXTRACTFD AT WILI, 




12 


8G1&NTXF10 AMBRIOAN MONTHLY 


jAinzABt; IMO 


albumlaald Wbea either of these la shaken a^rately in 
contact with air and with water no light appears, but upon 
mining the two aqneoos eolations a very beautlfal glowing 
light Is at once produced Bat it the water la satarated with 
sugar tho two solutions can be mingled without producing 
light, since this condition paralyies the action of the oxidis 
ing symase The ayrup can be kept quite a long time with 
out undergoing alteration, hut aa soon aa water la added 
the luminoaa glow appeara the glass In which the reaction 
takes place can be used for a nl^t lamp 

The ludferase can be replaced by varloos oxidising diem 
icel substances^ a fhct whldk clearly indicates Its mode of 
action , among these are permanganate of potagh, broxlde of 
lead hydrogen peroxide containing a Uttle blood or hermatioe 
or simply a ferric salt, etc , etc 

Synthesis follows upon analysis— the former would be com 
plote If wt could manufacture Indferine artlddally How 
ever this Is not necessary to occasion the appearance of cold 
light in a liquid medium by means of oxidation These phe 
nomcna of * oxj luminescence are cvm qnlte nnmerous but 
the most beautiful of all is that which I have obtained with 
esculine a fluorescent chemical principle extracted from the 
cheMut tree 

Now that Its principle is known. It Is possible therefore to 
imitate 'living' or rather pbtMologlcal light It must be ad 
mttted that the light obtained in vitro la not so powerful aa 
that from the lantern of the Pyrophora in spite of the fact that 
the chemical process Involved Is the same But, aa we have 
seen In the foregoing remadm these insects like the cepbalo* 
pods and the Ashes possess accessories which make for im 
provemeot One of the most curVons of these Is that discovered 
by me in 1680 it consists of the presence of a fluorescent 
substance In the luminous organs of the Pyrophora and of 
the Lndola this is a htoifermo^ whose eflbct is the transfor 
matlon of the dark rays which are both useless and Injurious 
into lUmnliiatlag rays which superpose themselves upon the 
fundamental photogenic reactions Just me sonorous harmonics 
or overtones superpose themsdves upon the fundamental 
note of a sound It Is In this manner that sounds acquire 
an agreeable timbre and In the same way fluorescence im 


parts to the light of the Fyraphora a shlmmerltig stthet of 
the greatest beauty, wtillo at the same time much aPimeDtlP| 
its power 

It Is rh^nka to the Pyrophora diat it baa been posalhle to 
make a complete and autborltadve analyila of the phyMcsl 
pn^iertlea of phyaloiogloal light Its enortnoua superiority 
over that of all other known sources of light, In 
Uuding the sun Itself^ baa become a classic fact, today, and 
the correctness of the resulta already publUhed by us baa only 
been confirmed by the latest researches of {fliyslclsts of the 
hlgheat ability, ludi as MM Very and Langley In America 

It Is Incontestably established today that this living or 
physiologic light may properly be called cold Hyht, alnce the 
radiations from the pbotogeoic organs contain 

only Inflnlteainml amounts of heat If we add that the 
actinic power of the visible and ultra violet radlatlona whose 
presence 1 have demonstrated scarcely exceeds one ten 
ralUlonth port of a candle power we may claim that the woric 
done by this marvelous hunp ia almost 100 per cent, while 
with the most Improved quarts mercuiy lamp not more than 
one per cent of light ia obtained according to the extreme 
exact calculadoDs of MM Fabry and Buisson the rest of 
the energy expended being consumed In the prodactlon of 
heat and diemloal energy which are always Inconvenient and 
sometimes actually injurious Let us remind the reader also 
of the extremely low price of mv living lamp whldi will light a 
room aa with fine moonlight for a month for but two cents 

Gas with its necessary pipes and Its accompanying dangers 
of fire and of asphyxiation, and electricity with Its wires and 
Ita non transportable apparatus aa w^ aa onr lamps and 
candles, are destined to disappear since the process by whlcli 
physiologic light produced is now perfectly understood and 
clawd amona the oxy luminescences, why may we not hope 
that the day will come when we shall be able to Imitate and 
even to surpass that made by natural meansT We are cer 
tttinly far nearer the practical solution of the problem than 
were Galvanl and VoHa at the time of their Immortal dis- 
coveries. 

IWe arc indebted to the Amcrioan Mncmm of Vatwrol RU 
torg for the photographi Uluetratinff thU orfMe— B ditob] 


The Effects of Light on Plants* 

Light As a Catalyzer 

By Ssn Rat Dr Fnta Schana 


M an taM andoabtedly Koosnlied frotn the veiy beslniiliig 
tint Ugbt li an Mientlal factor In lif« U|^t acta 
npon llTlns eella a cbomlcal atlxanliui We recognise 
tbls by tbe reectloni which It occasions In llring Ussnes The 
chemlesl slterstlons which It thus prodnees hSTO been 
known to ns only rery recently The first Insight Into the 
effects light exsrts npon the IMng orgtnlsai was Tonehsafed 
to ns when Ftnaen proved that tbe sltemtlons of tbe skin wbkfii 
oceitr when the litter la exposed to Intensive light waves are 
produced chiefly by the rays of short ware length which the 
hnman eye Is Inoapeble of perceiving aa ll^t — the rtye whldi 
we term nltra violet because they lie beyond tbe violet end of 
the speetnnn By means of sneb rays Ftnsen produced re* 
action In the eUn through which certain tooi of ileniri are 
destroyed The fact thna demonstrated that light coold be 
employed as a curative agent Induced phyalclans to stody nwre 
extenotvely the efftets of light npon tbe human organism 
Their seal along tbls line was Increased when It was abown, 
partlcnlarly tbrongh the r o se s rt hea of Bernhard' and BtiUet*, 

*TniiSlsted tor the gdastUe Im^eu VentUy frtm the 
filoIoOfaOhM gONtreniatt (BwUn) 

' ReUothenple Im nochgeblrs* VerUg ?ob Bmln la Btsttssrt ItlB 
* XerroependeBablatt Brhwolser lente (yonnsl of Cerrespoadenet of 
Sslsi Phnietaaa) 1004 so la 


that Internal mnladlee likewise can be flsvorsbly Infineoced by 
snnllght In eplte (ff the fact that their lod cannot be readied 
by dlnsct mdUtloii. 

Our knowledge as to the efftate of light npon livliig orgsa 
lame was still further matMlnlly advanced by Tan Tsppelnei* 
and the students under him It was observed by them that 
infneorla contained In certain dyestnflii perish iwbso the letter 
are extremely dtlnte. while they treanently remain alive In 
mndi higher coooentratloDe of the same snbetancee. Tbe 
cense of this appeared to depend npon whether Utfit was aottiig 
upon the Inftisoils This effect was termed pKoto-Sf/namUo by 
von Tappdne^nd was demonstrated In the of eoeln 
erythroain and a gtrest nninber of other dyes A condition of 
sndi action appeared to be tbe finoreecence of sndh sabatancei 
It was also foond that toxlnst fsnnenta and almllar anbatancaa 
derived from animal and vegetable organlims ate deitroyed by 
light under almllar oondltlooa, fnrthermore the cells of hig her 
organlsats (red blood coipnedeai, dilated aplthdliUB) can be 
eerlonaly Injured In this manner It la possible, likewise to 
make wann blooded animals Indodlng •ven'^man highly photo 
sensitive by meh meens end thus Injnre timm so greetly la a 
brlaf parlod of time toy moans of eeposiire to tiglit that ttay 

■Btiahleathecade Bd t (Tbs Art of Baattat to, BeManeB. 11) 



JAKtumr, IflW 


SO I EMT OT O IMEBIOAN IfONTHLY 


18 


dlfl« tt&Jbltliis wpoQtoam of sozistxoke or beatitroko Such mb 
wtMniem act ODbr la tbe p ro wn co of light haTtng no offoci In 
the dork Thla^odon la not doe, bowover m might bo anp 
poMd to tbo fbrmgtloD bf the light of a pdaonooi onbatance 
Bncb media may be expoeed to U^t for a long time wltbont 
Increaalng their toxicity » the Injury la oocaaloaed only by the 
oomlng together of tbe tight and the dyeatoff la tbe organlam 
• I bare myaelf obtained further erldenoe In regard to thla 
qaeathm by tny reaearcbea concerning the light reaction of 
attnunlnotia bodlea (Pflneger'a Ardi f Fhyalol 1016 Bd 104 ) 

I waa indnoed to undertake these Inrestlgationa by my atndleo 
with regpect to the effect of ultra rlolet rays upon the eye The 
human retina la not capable of perceiving these rays directly 
Under certain condlU<m8, however they are capable of pro 
dudng aevore inflammatlona In the eye e g when one tra^ela 
from tbe lowlands to a high moantalnouB region or whin tbe 
eye la exposed to tbe Intensive light of an electnc lamp Such 
Inflammatlona are known respectively as snow bUndnos^ and 
electrical ophthalmia They are caused however only b> the 
extreme ooter ultra violet rayi The Inner ultra violet rays 
which are also contained In the daylight found at low levels are 
not capable of iwoducing such inflammation Ihe boundary 
limits of the Inner and outer ultra violet ra>s must be sought 
between X 820 and 800 ma 1 put the question to myself as to the 
effect produced upon the eye by the Inner ultra violet rays 
These rays are absorbed by the lens of the eye which fluoresces 
actively under their action How does It happen that we are 
not able to produce any reaction in the lens with these rayaT 
Do these rays have no stlmalatlng action upon the lens or, la 
the lens incapable of reacting to this stimulus? Tbe latter 
hypothesis la correct The lens contains neither nerves nor 
blood vessels It lacks the necessary apparatus for producing 
a reaction However we find that an alteration is produced in 
the tens and this alteration which gradually increaac^ in the 
course of years consists in the fact that less easily soluble 
albnminooi bodies are created at the expense of more easily 
soluble albuminous bodies In my cgiinlou this alteration of 
the albuminous tiodles la the effect directly produced by the 
light upon the albumen which the light reaction compenaates 
In other tissues Since no reaction takes place in the lens 
to compensate this alteration Ita effect Is cumulative through 
out the whole life and thus In the course of time Is produced 
that thickening of the core of the lens which exhibits itself In 
the normal eye aa fir slghtedneas between the ages of forty 
and fifty years When the procesa continues Increased opacity 
of the lens is occasioned ending In senile cataract 

I have been confirmed In thla view by numerons clinical ob 
aervatloiu and experiments* I have proved that it la potalble 
to produce regular alteratlcma of condidons by means of light 
in ablutions of the albumen of egga of blood serum and of 
lenses In olbuminoas aolafiona wkfoh hove been dialyzed to 
the point cohere they are free from chlorine ihe eaeily eoluble 
alhmnenM are traneformed by liyht into more dHllmUly eoMle 
atbgmeiu, and there are nmmeroue »uh$tanoei whioh influence 
thi§ prooeae poaUierty or nepoHeeiy Thla can be demonatrated 
by piedpltadng such aolnUona, after they have been exposed 
to light for rarlona periods of time, by means of the ammonium 
anlpbate trat and the sodium chloride end rlcegar teat The 
longar the aamplea have been exposed to light dm more quickly 
the alteratlan oocura I tried the experlmmit with seven test 
tubes whlbh were filled with equal quantities of dialysed albn 
men and exposed In a quarti tube These were expoaei re- 
spectively to 0 4 8 13; 18 2i and 88 hoars of murntnatlon 
At the end of the exposure each test tube was placed In a dark 

• Wlrinmaan Oer ks fa u am gsa aleht dlmkt sIctitbaraB Ltehtstrahlea 
auf dat Am Strahlentbaapto Bd ATI Wlriniiigaa des licbM aaf die 
Maada UOn Mdach madlala, Wocteaaobr lOlB Nr 10 DIa Wb^ 
kaaem d«i U^taa anf die labAds BMaaa FflOgarstArtk f Pkyale- 
lotto. Bd Id ^bae dto Brntobaam dm Ldbaas som Uclit tfUaeb 
wodlida WMbaaiahr IMS Nr 90 WMcasfia dba Ltobtos auf dMa- 
baadsa OrgaabMi BtocBoa Seltefler Bd. 71 ' IHa tiobtraiUtoa 
dar Bhrotakaipar Pfltgm'a Arab f Pbystofofto^ 8d 104 
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Icebox At tbe end of the experiment a saturated acdutlon of 
ammonium sulphate was gradually added in regularly incceas 
ing amounts to the test tube The result showed that the 
predpltable oubstance which we term globulin Increases In 
proportion to the length of the Ulumioatlon 

In another test this ume albumen was employed but In this 
case to every 16 cem of albumen 6 ocm of ^ per cent potabh 
lye was added In this case the substante preclpltable by 
means of anunonlum sulphate was diminished In proportion to 
the length of Ulumlnatlon 

The same alterations were demonstrated by means of the 
salt and vinegar test 

The addition of 6 cem of per cent lactic sold to 15 cem 
of the same albumen solution resulted In Increased preciplta 
tion under Increased length of illumination to an extent obvloat 
to the naked eye without the use of a reagenr 

If fluorescing dyeslnffs sucli si those mnployed by von 
Tappelner in his experiments be added to the olbumlnona solu 
tlon tbe alteration of tbe lattei can be augmented Among 
such substancea employed by me were eosln fluoreadn, haemato 
porpli>rln and chlorophyl But colorless substances are slso 
able to Influent c this alteration lu albuminous solutions 

What Is the reason for this ' The first thing which had to be 
detennlned was which light rays are tbe ones to produce tbe 
alteration In the dialysed albumen It the beginning these 
solutions wert clear and of a pale yellow tint Gonsequently 
they absorbed but vei> tew of the visible ra>i In tbo blue and 
the violet It was necessary therefore to seric the specially 
effective ra\s In the invisible area of radiation On this sc 
count I tested the albuminous solutions with re^»ect to thdr 
capacity for tbo absorption of light by means of a quarts 
spectrograph 

The tnveatlgatlon shoatd that the albuminous solutloas 
which begin to absorb In the blue and violet as their y^ow 
tint Indicates absorb the ultia violet light with espoclsl avidity 
Hence the alterations which are produced in the solutions by 
Intensive Illumination must be attributed to the ultraviolet 
rajs If we add dyestuffs to the albuminous solution we ob 
tain dyestuff albumens The science of histology has taught 
us tbe Intimate relation which exists between dyestuffs and the 
albuminous bodies These dyestuff albumens must absort) more 
light than the ordinary albumens lo the light which they 
would absorb In any case must be added the rays which an 
complementary to their color Honce theae dyestuffa make 
the albumen sensitive to rays which otherwise srould not act 
upon It We are Justified therefore lu terming these dyeatatta 
eeoil timers 

Let ns now examine (be acHoo of the colorless substances 
which also Influence the light reaction of the albuminous bodies 
I have investigated these likewise with respect to their capacity 
for light absorption by means of the quarts apectrograidi 
Among these substances those which most strongly Influence 
the light reaction of the albuminous bodies are those which 
absorb most strongly in the ultraviolet In my forthcmnliig 
work Biochemiaohe Wirhnngen dta Lichira (Biochemical 
Rffe<^ of Light) which will appear as Vol 170 in Pflnegera 
Areh4e> I have represented a number of such spectra The 
ares of absorption coincides consequently in the cose of these 
substancea frith that of the albuminous solution In thla In 
stance we cannot speak, therefore of smisltiiatlim. It Is 
probably best to desiimate these substances aa photo cstslynara 

In this work 1 have tried to prove that all organic snbstanoes 
appear to be altered by the light which they absorb I have 
been able to prove that It Is possible to break up organic tub 
atancea into their elements and radicals by means of light. 
In the case of cOlorleM substances the eff^ve area of the 
light realdea in the ultra violet and in those materials which 
appear to be fast colored by daylight It reeldea In the outer 
ultra vkdet rays The ahortor the length of the waves the 
mm capable they are of breaklnf down the s t nictur e of tbe 
nufleculeo 
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HOW TIGHT ArrrCTH llir AUII VEKt OF PIA^I 

Ihe^e Imentlgatlorm wtrc conducted in order to study the 
oircHt of ]U.ht upon the human organism Howe^efi light pro 
elutes far more striking efTee ts upon plants than upon men amt 
animals It the \Uwa ahene foith are coirect we must 
netiHHorllv dlscoxer aiiBlogons effects lu plants The effect 
produced upon plants by llf^ht Is most otiTlons In the process of 
assimilation This process I9 conducted by the chloroph^l grain 
which consists of the (hloroph\l and the colorless struma the 
ohromoplast Phe drat Is a fluousnuA dvestuff and the latter 
consists of albumen which we must conceive of as being like 
other albuincus sensitive to light rays of short wave length 
llmlrla/enr and kngelmann* assumed that the chlorophyl acts 
of the colorluw struma of the cldomphyl grain as a sensltlser 
SlTice tbe> weie not able to prove however, that the struma 
Itself la scnslttve to light they were contradicted Josef and 
Hausmanu* The lattar authorities held the view that we are 
here concerned with a photo dynamic effect and that the chloro 
pbyl alone acta as the conductor of energy 

* No other light senaltlve substratum Is required and none 
In fact Is present’ aays Hausmann However mj own re 
searches have shown that a second substratum Is present and 
that we must assume It to be sensitive to light Hence Tlmlrl 
aseff and Bncelmann are correct The albumen of the grain 
must be regarded as sensitive to light, and It Is senslttaed by 
means of the chlorophjl for those rays to which It is not 
sensitive lu itself 

But the chloroph 5 1 Is not the only substance In the plant cell 
which la capable of Influencing the action of light upon a 
^loropbyl grain The cell sap penetrates the chlorophyl grain 
carrying to it those materials which it requires In the process 
of assimilation Among these materials are Included certain 
ones which Influence the light leactlon In the manner ef 
catalysers 

BVBSTA*V(T8 WHICH ACT AS CATALYTEBS 

Thus 1 find that the organic acids, a large number of which I 
have tested, act as definite positive catalysers ^uch cata 
lysers include not only substances produced by the plant it 
self but others which are Imbibed by the roots thus we can 
disHngntah between endogenous and esogenous photo catalysers 
IMfferent substances are produced through the alteration or 
casloned by light according to the nature of the said sabstances 
which come together in the chlorophyl grain These sub 
stances are more or less peculiar to the Individual organism 
But we must also take Into account Just here that the light 
may be composed of rays having different wave loigths and 
exerting different effects In the bright coloied petals of 
flowers different rays are effective from those which operate 
In the foliage This may cause the formation In the blossoms 
of pecnllar substances which are stored np In the reserves of 
the fruit and which pass over with the seeds Into the new bom 
organlam 

Hitherto the view has been held that the bright colors of 
flowers were intended as sign posts for insects to point the 
way to their food *Bees and flowers* ior the nnderstandiuk 
mind there is a peculiar charm In the conne< tton of these two 
Ideas The wide shimmering color bright sea of blossoms and 
the world of Insects which pay their visits thereto have de 
veloped side by side In mutual adaptation throogh the course 
of kmg periods of time towards an ever greater degree of per 
feetton*' These words were penned as recently as 1916 by von 
Bnttel Reopen In No 7 of JvatvrwiM»efwkafim This view If 
quite erroneenu in so far aa It concerns the colors of flowers 
Von Hess has shown that all Insects inclndlng bees |re color 

■gsrbe and Awintlatloa (Color siul AsiUBllstlMi) BM Mtnng 

*Dle Pbotodynanilsche Wlriraog des CbUtrspbylts nnd thro Besle- 
ksag BOr sboyoayntlistlsrbftw AsstalUHoa dor Pflaw (The pboto* 
dmafalc mriects sr Oiloropbrl sod Its BslatloD to the pkotssyntbstio 
suliBtlstloD of plSBts) niockm Ksttaeher Bd all, t SSO 


blind It IS (me that \ou Frisch on the other hand has eu 
deavored to prove that beet may possess a limited oapadQr 
for discrimination between colors abont such Is that posvessed 
bv a person who Is blind to red and gnen. But even so It la 
quite clear that the ’^vlde shimmeiing, oflor bright sea of 
blossoms and the world of Insects destined to visit it * * have 
not de\eloped side by side In mutual adaptation The varle 
gated colors of the flowers could not have been produced fo 
Hcrve Infects who are either total! v color blind or blind to 
led and green 

THE MEAirUffO OV (X>U)BS lY STOW CSS 

\^e must seek another explanation for the significance of 
color In flowers lu my own (u>lnlon the colors of flowers act as 
sensitlxers In the same way as chlorophyl In grewi leaves 
They make a different sriectlon among the rays of light and 
In accordance with such selection pecnllar substanoes are 
formed which are stored np In the fmlt and carried over 
with the seeds to the new individual This concept of colore 
as sensltliers implies that they are highly important with 
regard to the plants own needs 

Oountless researches hare proved that asslinllatlon Is oc 
casloned mainly by those rays of the visible spectrum having a 
long wave length ie those rays to which albomen la not 
seDsltlve In itself and to which It mast first be senaltlied 
accordlnglyi by means of the chlorophyl TOe rays of short 
length appear to take leas part in this process In spite of the 
fact that they are otherwise chemically more effective This 
fact caused me to inquire how it happens that the rays of 
shoit wave length especially the ultra violet rays ploy so little 
part in the aMlmllitlon process In order to answer this 
question I compared plants exposed to the full light of dav 
with others which were shielded from rays of short wave 
length Cuttings of as nearly the same site as possible from 
the same plant were planted In pots in the same sort of 
garden soil The first plant was allowed to grow froely while 
a large bell jar of thipbos glass surrounded the second This 
flaw is vellowlsh green in color it beidns to absorb light 
in the blue snd violet portions of the spectrpni and absorbs the 
ulti a violet completelv The third plaujt Was covered with a 
bell Jsr of oidlnarv colorless glau This glaM also absorbs s 
imrt of the ultra violet from daylight The glass bell Jars had 
an opefting at the top above which a piece of the same sort 
of glass was ho placed that air could reach the plant but not 
dav light The plants were placed side by hide and watered 
with equal quantities of water 

The first of these plants grew fieely while the second as we 
have said was shielded by means of Fuphos glass from sU ultra 
V iolet ravs and the third was shielded by ordinary glass from 
a portion of the ultraviolet rays These experiments were 
repested with different plants for many years consecutively, 
alwava with the same result The plant which grew freelv 
exhibited nothing exceptional while the one under the 
Fuphos glass had grown much larger and somewhat rmlnded 
one of an etiolated plant although it was green the third 
plant raised under ordinary glass was also larger than the 
one grown in the open air ill three plants were grown under 
the same conditions except for the <;}r(43atlon of air which 
was naturally less In the case of the fflants under the bell 
Jars naturallv likewise the use of the bell Jars Involved a 
certain increase In temperatnre This diffbrmice, however did 
not exist between the plant placed under the Buphos glaaa 
and the one grown under ordinary fllais and these two like 
wise exhibited a marked differenoe tn height Ihe reason for 
the difference In form of the plants mnat be sought therefore 
In the decreased amount of U^t admitted Both the Buphos 
glass ben Jar snd the one of ordinary glass prevented uBra 
violet rays from reaching the plants This was afso»«howa by 
the fact that the ash which remained ftom the tndneratlim of 
the pUnts was smallest In qnantltr la the case at the spedmen 
raised under the Bnpboe glass Thus ws ate obtlgsd to eon 
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tUmdm tbftt tlie /oiii* o/ plants U atieted bp lipht fOtf« of short 
soave lattptMa pnd most of nrt bp tho ultra vioUt taps 
* Xt It irttl kn^wB to boUulffta that the prooeeees of motlou In 
^ABte ore aUteted ctileOj b} the ra>H of short ware lengths 
while asstttltetlcn U ehlefly Influemed b) those of louic ware 
lanitbs I here sot bees able to find any eiplanatlon of the 
reason for this difference In action la the literature tu uhlch 
1 have access 1 bellere however that I am capable of ex 
phasing It throagh ph>sMoglcal rewrches In the case of men 
and animals 

Raya of different wa\e lengtlis penetiate to different depths 
In the organism the shorter the ware lengths the leu belnk 
the d^th to which the rays can penetrate the tisanes For 
example, If we allow the light from a quarts lamp to fall npon 
the cornea of the e>e we observe no alttration during the 11 
lumlnatlon the reaction lemalna latent several houis before 
appearing The ontermost la'ier 1m destroyed whether the 
Illumination lasts for an hour ot for only flve miuutes Tlic 
rays which produce this effect remain absorbed In (he outei 
most layers The epidermis of leases la coarser than the epi 
thellnm of the human cornea and uUI therefore absorb ra>s 
of relatively longer wave lenisths from short waved light 
Fven after long continued Illumination these rays fsll to pene 
trate to the chlorophyl gralus of plants or at any rate do so in 
a very slight degree hence they can have but little influence 
upon assimilation on the other hand their effects must be vis 
ible in the epidermis We are justified In regarding the differ 
ence between leaves exposed to the sunlight and those in tho 
shade and other jUienomcna of hellotropisra as due to these 
waves Tliese phenomena howeser did not suffice to fhlh 
explain to mo the slgnlflcance of tlie experiment descilbe<l 
above I made further studies In the world of nature for a 
long time in the hope of discovering phenomena which might 
be explained by this experiment l consulted botanists for 
esters and farmeis but I found no satisfactory explanatlott 
an vw here and for this nason T long left my records unpub 
Ilshed until last yeai a single ehtunistancf (oiiVlnfcd nu that 
f had found the correct explanation 

Rome nahire lovei had planted an edelweiss at the foot of a 
monument In the Taeigtblrft^e Rv reason of the transplantation 
from the UcHhgtblige (higher mountain regloiis) to the MIttel 
blrge (middle mountain regions) this plant had assumed a 
form which resembled In all respects that of the plant which 
I had giowii under the Fuphos glass The sunlight that travels 
from the upper regions to the mid regions of the mountain suf 
fers much loss of the ultra violet rays during Its passage Thus 
the edilneiss was Influenced lii the same wa\ as m\ plant ir 
the iiltm vJo»<t rais which reached It were reduced I had pro 
diiced in becoiilas mignonette peas and lieaiis slnillai altera 
tlona of form to that exhibited by the edelweiss and In all cases 
It was siuillm alterations In conditions of life that occasioned 
these 

In order to understand these relations oorrectlv we must 
know how rovs of light and above all the ultra violet rays are 
distributed in the atmospheie We have no correct conception 
of the content of ultra violet rays in davllght If we break up 
davllght Into Its «dements with a prism we perceive that the 
vlslbllltv of the ll^t ceasea at X 400 nn Bevond these limits 
mAs exist which are distinguished by theli chemical effects 
When we photogiaph the spectrum we perceive that it ex 
tends considerably further than we can see but even then we 
do not obtain a correct image since glass has consldeiaUe ab 
sorbent power depending upon Its composition and thlckneaa 
in the ultra violet region If we make use of a spectrograph 
with a quarts lens the spectra obtained appear much 
looger Under favorable drcmnstances the spectrum of sun 
light extends as far X 30t mm The spectrum has beeu deter 
mlopd to have soofa ail extent by means of loftv asoeuta in 
hallopna Rot even at ordinary levels when the oondltlona of 
the attttb^ere are especially favorable rava having wavee 
of this length hive bees perctived However the Intensity of 
these raya differs veor greativ at dlffei^nt altitudes and in 


dlffereut seasoiui of the Wheu the direct ll^t of the sun 
l)eiietrates the atmosphere It suffeis uuudderable loss through 
lefractlon lefleition and beudlub end the shorter the wave 
lengths the greatir thi ououut of such Icisa Thus the dlf 
fusion iu. the smallest partUU lucieascs In Inveisc proc»ortLon 
to the fourth powei i f the nnre length If we assame that the 
llkhr of X SOO = 1 then the violet light X 400 m will be 10 
times as much diffused and the ultraviolet of X 820 coa 
sideiable qiuntltlee of ahUb rave are contained ju dayU^t 
ivcMi in the lowlauds mil be about forty times as much dlf 
fused rhe blue color of the sky la due to the Increased dlf 
fusion c»f the shoit waves of lUht since these rays become 
tuimd Shldi or spilt off from direct siinllkht during their pas 
sage through the utmoi^phoix Another phenotnenoii due to 
this U the (i,natcr blackness of the shadows In the upper 
regioius of mountains than in the lowlands Howcvci by rea 
son of this peculiar dlstnbntJon of sunlight in the atmosphere 
a largf imrtlon of the rays Is lost before the light reaches the 
Ion lands csimc laity the raya of short wave longths Howevei 
that evfu at low altitudes daylight contains a goodly portion 
of ultia violet rays la shown by the spectra obtained by me In 
Presden at the bcghmlng of the oprlng with a quarts apectro 
giaph Half of the spectra obtained uerc taken upon 
an 01 tho chromatic plate and were produced by rays which are 
not iwiciptlble to the human eye Tn the summer the in 
len^ltv of the ultia violet rays Increases In a much higher de 
cie< than that of the visible rays aud the spectrum ther^ore 
ainaarR to be longer In my pictures the end of the spectrum 
had such a feeble Intensity that it was no^ capable of making 
an fmpicsslnn in the chosen time of exposure 

VVp are not yet able unfortunately to measure the amount 
of loss which daylight suffers In Its passage through our at 
moMphere Our apparatus Is too Impcifott \b a matter of fact 
the best apparatus which we possess for this purpose Is our 
own skln^ VMien we travel from the lowlands to near the top 
of a mountain this apparatus reacts promptly and vlgoronsU 
to the ln( rea sing stimulus of the liivlnlble rays only a few ho’irg 
being required to priNince nn acute rtoofion riacler bums 
and snow blindness are liistanris of this When we expose 
our invalids to siinlikht at a height of lOCX) m above sea level 
we know that the light still contains actlvelv healing rays, 
though no longer capable of producing such violent Inflamma 
tions as those mentioned above and wtiin we seek health at 
rt sorts In the medium high areas of our mountains that the 
sunlight there la a far more powerful source of energy than 
at low levels %s we travel frcrni the extreme lunlt of plant Uft, 
towards sea level tho Intensity of the visible rays steadily dl 
mlnlshes nml this docretise at Jnt< n*«lti Is even more markeri 
In the ultia violet ravs 

irVtCT ON IIAVtS ot VAaviNG TNrtNHirV OF UGBT 

My experlmenls have proved that the form of n 
plant Is altered when It Is protected from the action of light 
ravs of short wave length A similar alteration was exhibited 
bv the edelweiss plant which was taken from the Hoch 
gehlrge and transplanted In the Twrgeblrge 1 learn from Piof 
Neger In the Tharandt that shrubs reared in the Brggebli^e 
BntaiiKgl Gardens and transplanted in the valley in the same 
sort of earth exhibited longer sprouts I do not hesitate to 
general lae these phenomena 

Fn tAfkhipher mountain repions me Mve a fow form of oege 
fatioH of partirularlp mporoys growth rais fotm of grovHh 
is conditioned bp the large QuantiHes of raps of short uwoe 
length which act upon the plants in tvok regions As we desormf 
towards sea level this siUnulus diminuhes and plants inoreose 
in the length of their growth in direct proportion to this dimi- 
nvtiofi^ It cannot be denied that other influences such as tOm 
peratute bomldltv and air currents are likewise operatlv^ 
but In my opinion light la so powerful a factor aa far to surpan 
al! others in Importaace F 

The effects of ultraviolet light on plants hsve been ^ 
tenslvelv studied but the amount of ultraviolet raya oin 
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talned in daylight !■ still unknown The spectram of nmlti^t 
extends In the meet favonifale drcumstances up to X 261 ^ 
On Mt Boss, In balloon ascents extending to 8000 in » the 
trum of sunlight has been found to have almost the some extent 

At the level of the sea also as well as in Potsdam Oalro» 
Assnan Sooth AfHca, rajs have been found to extend likewise 
to X 201 given favorable oondltlona of the atmosphere. The 
spectrum of the light from the quarts lamp and from the open 
are light extend much farther It Is poaSble to perceive <dearly 
rays In these gpectra extending as fkr as X 200 fw ^Chat tht 
spectrum of sunlight appears shorter than spectra from ter 
restrtal sonrees of light may be due to the fket that the glow 
log hgH of the sun is surrounded by a sjdiere of vapor whldti 
cannot be penetrated by rays of less than X 281 gg 

But even if the sunlight spectmm does not differ essentially 
at different heights still the Intensity of the light towards the 
short wave end of the spectmm diminishes very perceptibly as 
we go towards sea level 

In botanical studies of the eflbot of ultra violet rays on plants 
the quarts lamp and the open arc light have generally been 
used and the fdet has been overlooked that a large portion of 
the rays of llt^t fiwi these sources is not contained In day 
light Thus J Bchulie Informs ns of the effect of light rays oi 
X 288 /Mi upon plant cells without knowing that snch rays are 
not found in daylight! In the Reports of the German Bo 


tan ic a l Bodety for 1817 Ursprung and Blum pubUshed the 
suits of thdr researdma upon the injuriaua sIBeots of ultm 
vldet raya. Only In the Hist part of their ^sxpertmsttt did* 
they interpolate a thin sheet of glass betwesn the ]^t and 
the quarts lamp, and in this caae alone did they have Ught 
somewhat resmabUng daylight in the extent of the gpeetfum 
la the foUowiag experiments they omlHad ths ^ass. Goose* 
qumitly rays took effleot in these experiments which are entlrdy 
uDconcemed In the biological processes of plants in a state oi 
nature The ultraviolet nys found in dayUtfit— so far as 
those degrees ai Intensity which affect biological processes are 
concerned— range from X 400 gg to about X 280 gg Within 
those limits their Intensity steadily decreaees as the distance of 
their passage through the atmosphere Increases but uneqoallyt 
and to a greater degree at the outer than at the Inner end 
This decrease of Intensity must find corresponding expresdon 
in vegetation I believe that my experiment reveals the slgnlil 
canoe of this 

The ultra violet rays also vary much more in the oourse of 
the year than do the visible rays Hila variation must likewise 
be expressed in vegetation and this fket must be noted Such 
biological processes occurring In nature can not be explained 
by researches in which light of less than X 800 gg was sm 
ployed 


Tar Disposal in a Producer-Gas Plant* 

A MethcKl of Vaponsmg Tar That Has Proved Sacceaafnl 


I N the manufacture of producer gas there is formed a 
large amount of coal tur, Which passes over with the hot 
gas la the form of a vapor and, when cooled« condenses 
into a tar fog conslsUng of dnely divided particles that re- 
main In suspenaloD This lar must be removed from the gas 
to avoid clogging of gu burners etlching of engine valves 
and obstructing of gas-pipe lines Along this line the bord 
Motor Company U doing the unusual lo that the tar Is re- 
turned to the producer, dladmrged over the Are and success 
fully vairarlsed The accompanying diagram of piping and 
much of the descriptive matter of this article apply partlcu 
laily to the gas-producer Installation of the plant at Ford 01t> 
OntariOi iHit are also more or less typical of the Hl^iland 
Park and Dearborn plants 

Referring to the diagram the path of the gas Is from the 
producer throni^ the downcomer and primary condenser to 
the low premore gas header The gas from the several pro 
ducen comes together at this pednt The several gas ex 
hausters receive their supply from thle header and discharge 
throufldt spun gloss tar extractors In patall^ thence through 
secondary or cooling condensers to the gas distribution main 
or header Oonslderablo tar Is removed from the gas by 
water sprays In the primary condensers and practically all 
the remaining tar Is removed by the spun glam tar extractors 
A trace is removed by afterooollng water sprays In the see- 
ondaiy condensers 

At present the cooUng water from the primary and secondary 
condensen Is mixed and setft to the tar settling tank where 
most of ^ tar nettles to the bottom The water from the 
secondary cdndeasers In a short time will be diverted directly 
to the sei^irf thereby Increasing the efbdency of tar nepara 
tlon from the primaiy water The low pressure gas header 
acU as a tar receiver The tar flows by gravity, assisted by 
the head of water In the settling tank and the gaa-ekhauater 
suction, from the tareettUng tank to the low pressure gas 
header The tar from the span tfaas extractors tlkewfos flows 
badi by gqivity to this same gas header, assisted by tht differ 

ence In ps pressure on the two sides of the tahauaters. 

— 


Prerloiu to 1016 the tar «aa a waate product of the gaa 
producer plaot and waa hard to dlapoae of oo account of Ita 
^tch 7 nature and the Impnrltloa It oontalned It was got rtd 
of by being sprayed Into the holler famace The amall aaTlng 
In fuel In no way repaid for the nnlaanoe of the frequent ping 
glsg up of tiie tar linear doods of blade amoJte from the ata^ 
and the meaa In the plant 

It aoemed dealrSble to dl^iose of thla tar by gaaliying It In 
the producer All efforts along thla lino pierlona to Anguatt 
1816 had been ao uniformly unmcceaafnl that It was generally 
admitted at that time that the idea was not practicable 
However, on the anggestlon of H F Smith who had prevlona* 
ly done conatderable work on the problem another attempt 
was made at the Highland Park plant, whldi eatabUibed the 
fact that the tar oonld be gaalfled and would Increase the heat 
value of the gas ProAtlng by this experimental work when 
the Ford Olty plant waa put Into operation the prodneen 
were piped np to dispose of all tar The development of de- 
tails has bom rapid The several plants differ materially 
In respect to details of constrncUon and operation yet the 
essential features are the same and each accompUabea the 
same general reaulta 

Temperaturea an the moat Important factora la the handling 
of the tar Good practice requlrea that the gaa leave the 
producer at a temperature of approxtinaitely 1,000 dog F In 
the primary condenser the gaa Should bs cooled down to 
about 120 deg, this being sboot the lowest tempecsture st 
which the tar remulna liquid It eooled too much, the tar 
partlriea will stldk and build up on ths spun glaaa ut tr uc to ra 
The temperature of the gua leering the secondary condaoaer 
should be aa low aa tbs water supply uvullsUls will pamlt 
In order to el|Blnnte the last tiaoe of tor and molstnre 

The tar that la collsctsd la the low ^e a roro gas header In 
the baseuMot may be pumped to ttie tar sprays In earii see 
tlon of tils producer by a small rotary pump nis 9 Md la 
regulated ao as to return the tar at a SUghtty higher rate than 
It Is rocelvsd from ths tar estmeton and tarsettityff lank. 
The pump may then bs Aut down, If derired, at timea «C light 
load 
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M atotfUtry to lAia iramp a amall ^Mtara tank la la 
stalM Mlow the bwimiaiure faa hmtw The tar flowa 
by gravity late thta tank whidi haa an orerilov ao that the 
nwll amount of water that may accomolate can be drawn 
olf When the tank ia fun of tar, the connectlcma are doaed 
off and fteam la admitted at a premre of from 40 to 50 
pounda per aqnare hidi The tar la dladiargod through a pipe 
from Ihe bottom of the preaanre tank and delivered to the 
pfodnoar aprayer A throoidi the tame pipe line B Into which 
the tar pomp dlachargea 

The advantage of the preeanre tank method of handling tar 
la that it hai no moving parta and the pipe line and all con 
nectlona are blown dean of the tar by the ateam after the 
rank baa been emptied On the other hand, the tar pomp 
haa the advantage of giving a more conatant feed of tar to 
the apiaya 

In the Ford Glty plant a 96-gallon pressure tank la need in 
preference to the tar pnmp The objecticm to an IntermKtent 
supply of tar to the lire has recently been oxercome by flrat 
delivering the tar to an overhead storage Iteater running the 
full length of the battery of prodncers 1 he Car apravs are 


keep the fuel bed in good ^pe and free from boles when 
■praying tar The ter ahoold be evaporated over the fall area 
of the fad bed and not burned as would be the case were 
there a hole In the fire Five q)raya are employed to inaore 
even distribution over the fire With a smaller number of 
sprays of tar the fad bed under each spray became setnrated 
with tar 

In the past consldersble trouble has been sxpmienced from 
solidifying of the tar In the pipes when the pump was shut 
down This may come about due to cooling or to baking 
If the tar is allowed to cool In a pipe line, it Is difflenlt to get 
it moving again Provision is therefore made in every case 
for blowing tar from the pipe lines by the use of a ^ or % 
inch low pressure steam line run either inside the tar pipe or 
preferably on the outside and Inclosed in the same pipe 
covezing The pressure on these steam lines should be five 
pounds or less Tar should not be allowed to remain Quiescent 
for any considerable length of time In a pipe even though 
heated since the lighter oils will distill off and the residue 
harden or bake In the pipe making a condition as bad as or 
uorse than when It solldlflos aw ing to cooling The new sight 



suppUed continuously from this header With continuous op- 
eration and constant maintenance of temperature throughout, 
It hsa beoi found possible to ketp the tar so fluid that it Is 
being fed like oil through sight feeds to each section of each 
producer 

The sprayer by means of which the tar Is atomised and dis 
trlbuted over the fuel bed is made by rdadng a % Inch steam 
pipe inalde a 1 Inch tar pipe The ends of the steam pipe and 
tar pipe are reduced in area so ks to Increase the velodtlea 
of the steam and tar to aid In the atomising The ends of 
the sprayer are approximately flnsh with the bottom fare 
of the top lining of the producOT 

Vaporising the ter increases the beat value of the gaa about 
10 to 16 B t u per cable foot The difference shows up In the 
analysis of the gas In an Increase of from 1 to 2 ber cent ei 
methane accompanied by a slli^t redaction in the peroentege 
of hydrogen 

The chief trouble enoounteted when first returning the ter 
to the producer fire wai the formattoo of soot when the ter 
was aptayad upon a fire Uiat had boles In It This soot, If 
allowad to sceumulate weald tAQg txp the spun ^ss screens In 
the ter extraetori hi a very few minutes. It is necessary to 


fetd tor requires tliat the temperature ot the tar be 

maintained at about 100 deg F and for this purpose a low 
pressure steam pipe Is run Inside the tar header over the 
producers 


TUXG8TBN IN BUUMV 

and tin occur In Burma and mining on a small 
seals partlcnlarljr for tin la an ancient industry Military 
need for tangstea has esused genersl Interest lu the world's 
resources the metal and has cansed the Geologleal Burrey 
of India to pnbllsh a summary prepared by Messrs Biewii 
and Heron on the deposits In Banns 
Aetlre prospecting has been carried on In meant years and a 
considerable amoont of tungsten has been produced Usually 
wolfMm and eaaltsrlts oeenr together but eemetlntes they eo* 
cor eMMuatdy The ores are found In ledee and aru always 
•asodstsd with an intmslTa granite that forms the com ef 
the great mountain systsm which etmtehui Into Wsstam Slam 
and the Malay Stato, The antbore beliere that eondlthma are 
furotuble for tbe dleoorery of farther depoeiu in the ruit 
aieae of Burma whldi am ae yet Imperfectly known 




A Wireless Storm Detector for the Central Station 

Anticipating Thunderstorms and Atmospheric Darkness at the Power Phmt 

By Herbert T Wade 


I I !■ not generally rcallaed how Intlinate U the connection 
between meteorology and many fields of applied acienot 
and industry hut a striking Instance m found In the public 
aervke company that MuppUes llf,ht and heat In connection 
with schemes of da} light savln^t the shoituiing of the time 
during which nrtlfl^Ul Illumination is required and the con 
Boqmnt su>lni« ul fuel has figured promlnentlv and the su 
porintendent of the chLtrh lighting company is a clos oh 
server of Uu cliankink Hmt of amirlst us hin hind will \ur\ 
accordingly This however, 
can be anticipated In advance 
and thi expt rleiice of pre 
vious }efl]s avail* d of hut 
when a faudUen thunderstorm 
or otbci iitinos)h( il( dlsturlv 
ance cHuneH ^htn the bk> Is 
darkened In the mhldle of the 
day \v it hont av amluK thi 
matter Is nn eniirbcnc\ which 
requlns hurihd and m^oiou'^ 
menauifs In the |>o\\(r Iioum 
W hen a cit> Is (ov^rwl with 
virtual darkmv In the mid 
die of thi di} It nieana that 
resort inim be had to aiMfl 
clol llluiniiin t ion and Ininu 
dhiMy (Ifctilc ItkhtH In uant 
DuinbithRK swttilicdon thus 
produclDb 1 <4u*hhn nnd ah 
nonnnl loud on flu s^sttm 
say <it two o(hK.k In thi aft 
uncKm whin under oidlnnrv 
cilcumstamiH It would Ik at least sK or %\eii oihKk or i\en 
lattr before (In peuk would bo rcnfheil A ^torm producltii^ 
such suddin darkmsH iim\ come up qiikkh and uppirentiA 
without warning so that U would stem linpossihk to provUh 
at short nothc sufilcUnt luirent oi steam for the inginis oi 
turbines drl\lnk the i,«mrators In tin lur^ir cltlcfl tlu u^nnl 
practice la to have ii iintial station nf considerable (apniitv 
and to dlHtinnitc altcrnatlug ciirrint to Am Ions sub^atlons 
conAtnhull} hKiitid at which It N tinnsfonned to whntiAir 
voltage Is imploAtd for lighting or power Ajt these sulwta 
tlons the trails 
formation of 
current from the 
centra srntion 
Is effteted h} m 
tai7 eimverlirs 
Of Connie whin 
an 1 ncrea sed 
load comes up- 
on the subata 
tloD due to the 
turning on of a 
number of 
lamps It Is a 
simple matter to 
•tart in open 
tion addldoqtf 
rotary oonTert 
ers and that se- 
cure Increased 
current This 
however slmph 
Increar s the 


load on ihe ceotral station where adequate steam most be 
provided In the boilers to operate the turbogenerators < 
Afcordlngl} the electric light companv seeks to know Os 
fai In ndAunie as possible the coming of a thonderstorm, and 
at the Wateibide btatlon of the N T Edison Oompany there 
K inn lilt nln d n wiieU^s signal at the central control office^ 
wluu a tlmatincd change In atmospheric nmdltlons presag 
liiK u storm Is announced to the system operator, some ttme 
tieforc the arrl\nl of thi siorin by the ringing of a bell 

It is apparent ttmt an elec 
trie light central station Is 
required to function so os to 
provide adequate current for 
lighting whatever the condi 
tUm of weather or sudden 
calls that may be made upon 
the svstim Naturallj It is 
unable to maintain a reserve 
In any central reservoir as In 
the cnae of gns or water but 
thf cumnt must be gener 
nted and distributed Immedl 
ntily as nsjulred The man 
Rgement of a central station 
thi refort Is forced to study 
the ordlnan conditions of Its 
ilaih opt ration nnd load very 
mrefullv nnd accurate and 
di talb d ti curds an made and 
studic«d so as to know at Avhat 
tunes of dav the natural In 
crcBSi. or decline In eonsump- 
llon will tnl I pi ice under normal circumstances Tn 
uidltion I (iiitral Kt'VIlon U forced to piovlde for sudden and 
uiiiisiuil drafts on Iht (Utient some of which may be antlcl 
piiid and some of whlih mav come without warning lor 
(Muiiplt Id the ca^ of n general llluinlnatlon it Is quite pos 
Slide to arrange In advanu but whin a sudden thunderstonn 
or ilarl tiling of the atnitvtphire occurs and everybody Immc 
dlntelv switches on theli electric light It Is not always possible 
to foresee Ihls sudden demand in time to provide the requlnd 
capacity It Is true that each substation of a system may 

maintain a 
storage battery 
Installation that 
wdll carry a cer 
tain portion of 
the load for a 
more or less 
brief Interval of 
time and be 
ETBlleble while 
other ports of 
the system are 
fmt of oommls 
■ion ontU re^ 
pairs are rapid 
ly made, or until 
euffldent gener 
tttng capacity Is 
Added For ex 
ample, in New 
Torly the direct 
current eubsta 
ikms lu Maniiat 
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BISTIM OPBBATOBa DUSK A I A\AI1IISII>1 STAaillN 01 NDW \UHK I DISON COMlAV\ 
Sturm dutoctor Is In «aiu at lett and pilot opanUng board In bnckgroniid 


tan of the Ncu \ork 1 diM>n Company hnvt^ h hal(oi\ (npndtv rmwl (4*unimii(al rating and tin aimmnt of nteam produocHt lb 
uf GOOOO foi on€ hour and MitHhitJuii Ims IN ormshUred witJi M/uaid to th< and ordinary fluctuation 

hattery In t)i< main however dep(ndcn<e must he placed of load Wheit the l>ol1( rs un. run at an economical rating 10 
upon the boilen and Mot^rators at l>ti cent abovi this amount readily 


the central station as thi nppro\e<l 
B>stim of (let trie lightning now 
calls for a hlfcU capacity (tulral 
Htiiiou with large steam turhlm 
drlvtn units which generate alter 
iiatln^ current and dWtilbutc it to 
\ irious substations located throu^ i 
out till city where It Is tranafonmd 
b\ rtdur\ c'on^prters to direi l cui 
rdii iind distributed wrllMii th i i 
mediate territory sirved bv thi sub 
station The New lorlc Edivm 
Company iipreseuts a t\pi(al in 
stellatlon jet at tlie banu time It 
la In man) resiMS^ts so far In ad 
vnnee of the Unt average prncthL 
as to l)e unique rather than rharui 
Utlvtie of a laz%t rnpadt^ station 
At Its Waterside Station located 
on the tast IlUcr (jonvenlent for 
unloading coal a number of stum 
turblne-drl\en tmerators are main 
talned w blch produce alternating 
current, 20 cycle* at 6600 volts 
which Is then cMvtrlbuted through 
out Manhattan Island to various 
gubstations of the Coiupany and to 
iDch Independent subetatloiui as the 
high preware fire pumping plants 
of New York City contractors en 
gaged In airtmsy oonetractlon 
street railway companies, etc The 
efllclency ol the idant demands that 
the boilera Should be run at thefr 



DlBBCrrCTTRBFNT BWITCHBOARD AT 
' SCBSTATiaN 


I in be taken rare of and In addl 
lion a certain number of boilers 
urc cariiid banked whlrii can be 
bumght lip to steam pressure with 
]j0 (s r (lilt load In ibout five min 
nira Pd bring up a froeh bolUr 
that hnb Ixjcti inucthe^ two or three 
hours un n^ulred it will be seen 
then fan that tiu boUeis are the 
iiuifn consliMatlon in ca^ of sud 
(Un Iniuasi In load ns the turtdne- 
dilMii generators (an be put on In 
a <v)uple of mlnulis provided there 
Is steam enough to take care of 
them 

In a svstem like tlwt of the New 
\ork ^dlaon Oompanj, the various 
bubHlatJons arc c^ninectcd by feeder 
cables with the main generating 
station at Waterstae and these 
Bul>statlons add their various rotary 
con\crt(rs as Increasid current la 
demanded in Uulr Immediate dis- 
trict These drafts must be met at 
the main central stntk>n at Water 
side and in case of a sudden storm 
dsrkc nlug the entire dty, the 
amount of extra current reaulred 
may run up from 60 per cent to 76 
per cent As will he seen from 
the diagram on page 20 on June 
20 1010, between 8 80 and 4 20 la 
the afternoon, current consumptloa 
Increased 120000 kilowatts where* 
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u on a nonnal day to would have renmloed stationary ot 
possibly deUlsed Supplied from the one central stadon at 
Waterside there are 27 aubstafloos devoted to direct current 
lUuinluatlon In Manhattan, and a nnmber of substations be- 
loDfflng to large ronanmers such as the city, tractloa com pa 
nies or contractors In addition, in the Bronx and outlylnf 
dlstiioLs alternating rurrenc at 60 cycles Is supplied also from 
Waterside but transformed to 110 volte 
It will be apparent therefore, that those in control of the 
Waterblde central sUtlon, oven with lU large capacity, require 
the earliest posblble warning of on approaching storm or at 
roospherlc condldona that will lead to darkening the aiCmos- 
phere aiul the demand for more cnireat It waa with this In 
mind that the eleitrlc storm detector was devised with its 
antennae or aerial wires mounted on the roof of the Waterside 
Station and its signal and Indicating mechanism in the office 



IOAJ> DIAUUAM ON JUNK .0 1018 RIgF DUI TO 
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of the system operator, who Is reqjXHialble for the entire oper 
atlon of the geomtlng and distribution system of the plant 
The system oiKrator sits In au office where he has under 
bis obeerratlon an operating pilot board with Interoonnecttag 
control signals and indlcatora that show the entire functioning 
of the varloua stations and dements of the system and be Is 
responsible for the pidvlding of additioDal and adequate ca 
parity so that both the ordlnsiy and auddea loads may be 
taken care of He and his aasletant sto at a desk as riiown 
in the UlustratioD and In front of them Is a pilot board, 
where Is Indicated each generator in tbe esntral station and 
Its oonneetkm with tbe bus bsrs and tbe dtstrlbutton of the 
feeder cables to the varloua subatatloDs Bach of tiiees feeder 
oatlee haa an approximate capacity of 8000 kllowatta, and in 
•ome casea 4,000, and on the board each of Ihses leading to 
the sutastatlooe U indicated On the lower put of tbe board 
the Indications cepreeeut the rarioas sfubstattona and thalT 
fsedsn. tiod the Ughfea show which of thus are hi use. This 
hoard, which Is unique In bring the only eat qf Its kind, is 
aheoliitsly automsSlc sod ohows the eoAdltSoo ef the gsner' 
atisg mite and ospncl^ and the dietrttmtloo te the suhstm 
ttone for Uie eotire system A red light kMmfm whidi 


feeders are la use, and any Intsrrupttoa of aervftoe la hhosm 
by a green light These buUstye t elepho ne tamps ate patt ot 
a rircoit that eactsodi to tbe oil switohes of tbe main taoAr 
rircu toa and Indicate automatically and tn a t a n ^s n eoariy 
whether these divuits are ppeo or dbsed The Tarioas ssb- 
statloas are oonneoted by tie feeders^ so that a complete in 
terdependenoe of tbe various elemeats of the ayatem Is assured 
and failures of certain lines can be taken cars of 
In brief, the syvtem operator, who la connected by dlrfet 
triachone rirculto with each of the substatioue and pneu 
msitic tubes and signals with the txrileni and genetmtor rooms, 

Is sble absolutely to control the operation of the aystem In 
deed, In case of an emergency be has at hts command a reg 
uior fire alarm tnnsmtaslon system extending to sach sob 
station over which be may send oot instantaneoasly and slmnl 
taneoQBly various code sImmIs In tbe boiler room there Is a 
signal like the carriage calling device at a theater, and when 
a new boiler Is ordered Into servloe, the appropriate punched 
card Is Inserted in tbe transmitting machine and the signal 
is made The responsibility of this office can be appreciated 
as the entire economy of the station and system are here 
contrriled invoUlng the provision of an adequate supply of cor 
rent to satisfy the various consumers If an overcapacity 
of boilers Is maintained it Is done at the expense of fad, 
while on the other hand, If the system Is caught at some time 
(if sudden darkness with Insdeqnate cnpacltj, the trouble la 
nu less serious It will be apparent, therefore what paiC 
meteorological conditions play In the ordinary routine and 
maintenance of tbe station and why the aystem operator needs 
the earliest possible warning to increase his output or ine- 
pare for sudden demantta 

In the summerViine a hea\> thunderstonn may bring prac 
tical darkness to the (lt\ mid produce a condition so different 
ftoni th( ordlnarv routine iHrioasl> to threaten the effi 
(Uno of the sin he In the wlxtoer such matters do not 
figure so largely as the (Wdinary load is so much greater that 
the sudden Incivose doe to the darkening of the atmosphere 
does not tax the syNtem so seriously In summer however, 
<onns are likriy to come op suddenly and the atmosphere 
considerably darkened so that electric light Is switched on 
Kenerally and tbe load on the lighting system may increase 

10 per cent or more The most iitriklng Instance of this sod 
den increase of load Is shown In tbe accompanying curve for 
June 20, 1610 which shows actual output In excess of the 
previous maximum capacity of the entire system namely that 
of December 11, 1018 On June 20th the maximum load at 
4 20 P M amounted to 812 670 kilowatts, while on December 

11 1918 the previous muTlmuin It was 207 608 kilowatts 
Such coodltloni os these naturally demand every measure 

to give warnings of storms as far os possible In advance and 
it has been found that weather bureau reports are not always 
accurate for this purpose, nor do they Indicate storms which 
actually strike the territory os distinct from those which para 
around It Accordlnfdy a special form of storm detector was 
devised smne years ago and has been In succenful use at 
Waterside Station Inasmuch as summer stornu are acemn 
pooled by electrical dMurbances of the ether, which ore in 
dloated by means of a special form of wave deSerior, it was 
decided to Install such on instrument at the Waterside 8ta 
tIoD os these riectrlcol disturbances eover a IMd fwther Ota- 
tant than the rionds thenuelTes are visible AcoohUnipiy a 
system of sntrainae is used to Intercept such distant ndia* 
tlons end to Indlonte by suitable form of deteotew and lignal 
not only the presmos but the retatlve twoxiinlty ot the storm 
As stated, this Is confined largely to summer Btormai os the 
winter storms are usually snowitonns and of a weak risetrlcsl 
natura, while «t tbe same time the loed carried by tira station 
In wtatar Is more unilorm. and no efcorm ev«r oomes up to 
the peak of the load oedioarUy carried beCwesn 5 and 8 JO ta 
the aftenooB In the snfsnngi^ moonted on the foof of tks 
station, the prassooe of eleetrical dlstnr&aiiGes In tks nl 
mosphere gives rise to oscUtattaif eumota wlOA ttavsl 
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tbvdiii^ tht aerlMl to the froond Utronch the eperk gap coherer 
to# coodehaer The genml anantoment o( the aniantua ia 
Indicated In the wscompanjring diagram^ and ta riiown on the 
left of the photograph of the ajatem operator a offloe At 
the of the (Uagran wfll be aeen the abort dreult avliteh 
which groanda the apparatoa when K la cloaed after the bell 
rtoga eoottnaooaiy Inaanadi aa by that ttme the atonn haa 
alipadr arrhredt It la not noce aw i ry to nae the apparatna, and 
K la fiiua protected from the heavy aurgea Next the aerial 
Jrenit la connected through a wark gap aoppUed with ai>ber 
hsal tennlnala about 1/M of on Inch apart and a coherer at 
the type ftanneily need aa a receiving device In wlrrieaa 
telegraphy The ftmctton of the q)aift gap la to prevent thoae 
electrical furgea Induced In the antennae by the radlBitloiia 
emanating from wLrrien telegraph atatlona which are vMy 
weak aa compared to the electrical dieturbancea In the atmoa- 
pbere from flowing throngh the remainder of the apparatna 
and tbna canalng a falae alarm The wdierer la alao In drcnit 
with a mlUlametar a polarlaed rriay, a atandard rriay and 
a elngle atroke bell whose clapper not only atrlbee the bell 
HaeU bttt alao the glaaa tube of the coherer rauelng the parti 
dee In the letter to decohere after each Impulse The action 
of the apparatus la snfllclently apparent from the diagram, 
and It involves no applahces that are apedel or unfamiliar It 
la completely entomailc In Its operation At a time varying 
from 2 to 7 hours depending uimn whether the path of the 
atonn la direct or ronndaboot, the bell may begin to ring at 
IntervRfe of frmn five to fifteen minutes, giving a warning of 
some distant ntmoapherlc dlaturtuince. Indicating a storm 
posslbH one hundred miles away Thla Is regarded mcrdy as 
II pnllmlnai} warning for as the storm approaches the bell 
will ring more freiiuently When about two hours away the 
bdl wlU ring about onre every half minute or minute and 
when thla octurs, the reserve hollers are ordered Into sen Ice 
ami the auxlllarlea of extra genemting units are started and 
till gem rating units themselves may be run at lew veed 
Ihla Is entirely pnllmlnary and by way of preparation as 
the storm mav be approaching yet pass by at a greater or 
less distance Die bdl rings continuously about one-tielt or 
one Iwur before the storm reaches the ilty and even at thla 
time the sky may be unclouded to the eye even to an ex 
perteoeed storm observer However everylblng now Is In 
readiness to meet the demand, and with the bill ringing con 
tlnuously the rtiort clrcnlt or ground switch la then opened 
so as to protect the apparatus The storm warning Involves 
uitirely a measure of preparedness and attention to the 
Immediate boiler and generating capacity available and th< 
ordering of banked boilers stto full service and other both is 
as may be required or In case of an extreme emergency the 
battsrlea. 

As soon as the storm strikes the dty the switching on of 
electric lights means extra drafts on the current supplied 
from the eubstatlons Diose In ebarge of these plants notice 
that the amount of energy consumed Is Increasing ond thev 
Immediately odd extra rotary oonverten to take on tbs load 
These rotary converters take the akernadng enrrent at 6000 
volts, 26 cycles, and transform it Into direct enrrent at 120 
volts, except In some cases in the upper parts of the dtv 
and suburbs where enstomen are supidled with alternating 
comDt at 110 volta 

Ibe work at the anbatatkiii, wblcb to ahown in aeveral of 
the accompanying pbotograpbs, to of cooras not aa Involved 
aa at the main central statloii where the energy to grner 
atM Mevectheteai votary eonveetera muat ba hrid In raadl 
nera for kiateat aervioah 'When tt to found that more oaparity 
to vaqnlMd extra rotary oonvaitlng units an ataited up the 
operation being ns riiown In the accompanying flgurea The 
■Boont of nmM to I neraased as reqntred, and the qretem 
operator at the Waterahto fftattoo notes (he load carried hy 
the fiee der a Amnliig ftoae the feaenttog atatloe to the eotaki' 
tloa and hacftt ap Che oapaelty Hera thope la charge aole 
tha doha nw ip rt fla rir ^ dtoaet eamet ssppUed by ihOr rttaiy 


oonverten, and the photograph ehowe the direct enrrent 
switchboard whare thO sadden ovardrafta are flret appareat 
Here, ae stated, more votary oonvertetu ere added as needed, 
this of cDorss nmklDg a carrespondlng load on tbs fCeden and 
on the main genentliig system Tha feeders oonylng the 
direct cotTeat from the snbstatfon to the consumers are 
shown In the accompanying Ulustmtloa 
Where large currents st high voltage are need an oO 
switch is required In eqatmst with the heavy oU wwltchea 
email hand ewltriiM Jdiown on the lighting panri of a sub- 
station are of Interest 


TtMUtL. 
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The BubstMtlun is nt all Hmes In complete commanlcattoo 
with the sywem operator by teU phone and Indicator, and While 
Us respcMiMiblltles are far l«>bs than the main generating eta 
tlon yet Its needs and the needs of the oonenmeri must be 
taken care of Immediately 

It should be bonie In mind however that a system to large 
as that of tie New York Eldlson Company can be and to under 
a single control and the Ingenious device described above to 
but oat element In this vast dlstribotlon of and powsr, 
although It bdps to take care of the very Important Item of 
suddin overload due to atnuMpheric condltloiis 


THE ELECTRICAL INDUSTRY IN BELGIUM 
Ths deq^lcal Industry In Belgium to gradually reeumlng 
Its actlvlly The main dUBculty, however. Is that it la 
practloally dependent on foreign countries for the eupidy of 
the material required In the large towni Brnaeeto In par- 
tleaUr, a etart has been made to lay the supply cables that 
were held up during the war The networks that were r^ 
movsd by the Germans ate alao being replaced A slgnlfleant 
indication of tho activity whldi to anticipated In the Industry 
to the Increasing formatloa of new companies and groopa 
daaliag with contract work and the purchase and sate of 
'matortol Many todsdag firms are oenslderably increaalng 
their apltal-^Rrom Tht reebnioal Reetom 




Submersible Sea Salvage Pumps 

A Portable Apparatus for Pumping out Flnodeil Compartments 


D uring the war, aa wo know on eDormous amount of 
time and attention waa devoted by InientoM sclentUta 
naval architects and shipbuilders to the poBbJblllty of 
keeping n ship afloat after she had been badly holed by mine 
or toitKdo It Is qulU obvious that If a compartment li so 
Biverely dumiiMd to allow of the proverbial coach and 
Imrses lx In^ diUeii through It no pumping ai^ratua that 
human lngoDult> can devW will keep the water out It is 
however quite within tlu range of puuibillty that the com 
partnientH adjifiiil to thone dnmagi*d may be kept free from 
watci e\in If tlu bulkheads through strain arc leaking 
frefl> pn>\ Idl'd iipparutus Is rcad> for Instant um In ifiKh nn 
enifrf,rn(^ J hut apparatus must Ik, both nllabb and pow 
(rful and iiisv to hnudU It Is now ii well known fact that tlu 
larM Mitninshlii lompanUs sufTircd xcry hea\il} from enem^ 
B<tb»n and it Is known that on s<\eml occasions when n 
nil Ip woH niiiiid or torpedoed near shore, she could ha^e been 
HuruHhfiilh lu Allied and subsequently sahtd had It btfii 
poHsIbU to Kmp th« water out of onlv s11>,hl1\ doiiuiK^ (oiii 
partmiiits foi a f<w liourh 

iiic i)ortablc elcdilc pumping upi>aiulus lu ii Itlustiauil 
ha^ Ikk-d siHilalb (htd^msl and constructed to nuet muIi 
uquln Hunts as tboai brought nlNiut b} the oindlttonh wi 
huM Just ludUaUd 

At the picsenr time thcK la prohahh not a slilp at siu 
at an\ laU mrt a ship of any sIa whhh U not equipped with 
an ehstrlr ixiuir Installation for ll 4 ,htin^ pnr]^>osca and Miim 
lia\e a Hpiual iHiwei plant on the upiar dt<k 4ntlul\ 
sepnmu from the ships ordinary lighting Mt In tlu (ni,lii 
KMmi and Inluuled to Ik us4hI In nn cmerMiu^ IbU bp dil 

*l<roin the t^hipping World 
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iwwti plant Is wc believe nndircd compulsory b\ the Board 
of trade to moet the regulations laid down by the Interna 
tional Convention for the Safety of life at Sea diawn up 
piloi to the war, and which It Is hoped although many times 
IKHtpnned on account of the war will soon become effecti\e 
on nil rhe high seas of the woild Should It so happen theie- 
fi)i that the vesful lx dninagid In the vklnitv of the engine 
i(x»ni and the dynainoa put out of action the emergency plant 
would uvmc Instantly Into operation, and pro\ldL current for 
halting fur opciatlng the ships derricks and for driving such 
II ix>rtable pumping aiiparatus as thU whhh wc are now 
(h scribing 

Du tlectiic Bubmcrslble pump consists of a centrifugal pump 
of the standard sea salvage type coupled direct to an eke 
tru motor carried m an hermetically seeled stoti cylinder A 
stHK.lal feature of the apparotna is an Intercepting c^iaiiiber 
urianged between the motor and pumps forming subject 
mnttei fur wbloh a pittnt has been applhd and which Is 
designed to prevent any posttillltv of water from the pump 
(liamliers tliidJng access to the electric motor Ihitt the sue 
cem of this devht is nmiircd Is deirtonsl rated h\ the fict 
that i continuims w oil lug test of fort\ eight Imurs duration 
with tlu pump complete l\ suhiiuigcsl has failed to sliow the 
slightest leakage of water into the uiotui cylinder Moreover 
1o] well pn>\ed roasems a sldpe power plant Is almost with 
nut excepthm de*Hlgncd to a low voltage continuous cuirent, 
and tlu buhmorstbU pump imii l>e successfully operated cUich^ 
fiom nil ordlDar\ ships lighting set Phis It will be readily 
nppieclated is an extremely Important feature 

Thf submenlble puingi lIlUHtraUd haM an 8 Inch dlanutet 
suction and Is enpabh of giving an output of 1100 gallons 
per minute against a bc«d of 30 feet An overall efflclencv 
nt TO iier cent has been demonstrated by actual teat which N 
( xtrcinely high for this class of pump 

These pumps can be operated wlun slung xertloally or 
when fixed In a horlxontal posiUon either on or off the tro]|e\ 
with which each la supplied AJttiough they will run su( 
russfully when totally submerged, they will run equally will 
when fixed above the water le\fl It should be recognlred that 
ID most Instances where access has to be obtained to a flooded 
compartment It Is generally apeakiug, more convenient to 
use a length of flexible auedoa piping of such a dtamHvr 
that It can be Inserted through a email orifice— such as a 
porthole for Instance — than to lower the complete pomp Into 
the water, and it will, we tJilnk be found in actual salvage 
practice that the necesalty of nihinertiDg the pump would 
arise on oomparadvely rare ocoaoiona There afe however 
cases In whidi a impld rise might flood the pump, and hence 
the necesalty for constradlDg It la sodi a mamm as to 
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iHfe. 6UBMEHMBLB PUMP WORKING UNDER WATER 
DURING A 48 HOURA DURATION TEST 
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allow of Ka cinidDQOQa ciwntloD uoOor the OAoet adrene 
drcametuoM. The power cal)le connecUona ere^ of eporae^ 
waWtlifbtt and a^Ofsd with a ewlT^lhig nut, much in the 
■oBie ntatuier aa a etaodanl pcrewed boee coupling Bach 
pomp Ii mippUed with a hend-operated air pump fixed to the 
carriage, for charging thtf pump auction when operated from 
about the water level ^ 

• ■■ ■ ■ ' 

RmTRiCTOMETFR FOR POn&HFO PIATB GLASS 
BT K A gloa, ir F 

A RBB^RAOTOIIETBR which determines the Index of refrac 
tlon of polished platee of glass accurate to the third decl 
Dial place may be made aa Mlowa A almple telescope 
conalstlng of two lenaes of three or four diopters focus each, 
and luring a caid with a narrow slit (02* wide) at their 
common focua la mounted upon a slide which permitb the 


the sero reading (reading without the glass) Is subtracted from 
this giving the value **d’* This numbw is divided hr the 
thickness as found above, and with thla last result, the Index 
Of refraction may be read directly from the curve 
The theory upon which this apparatus is baaed, la that when 
a beam of light passes through a plate of glase with parallel 
surfaces the beam Is emitted In a line parallel to that of 
the original beam but displaced from It by a distance which 
depends on the index of refraction the thickness and the 
angle at which the glass is interposed Yhls latter mnst 
obvioufds be other than OOo or ISO^ to the normal With this 
In mind the following formula wav devidoped for the Index 
of refraction In uhlch 6 Is the Index t is the thickness, and d 
Is the displacement the angle emp1o>ed being 30^ or OQo to the 
normal 

e — Kin Cioo ^ferrsttraiBrao^Td* 
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folevcope to be ahlfted at light anj,lev to Us line of oollomatlon 
The silt lij the cord must l>e leitlca) Tlu tdestoiK ih mounted 
on a base board betwten two cleats which luu cro<«swlM to the 
length of the board and one of wbl<h Is pioviilid with a chimp 
for holding the telescope rigidly in aio debUtd poHltloii At 
the end of the board oppoblte to that occupie<l h> the telescope 
is placed a stcotid card with a vcrlnal line drawn upon Ita 
Inner face Retw(H,n this card and the telescope a cleat Is 
secured to the base at an angle of 30^ with the center Hue 
of the base against which the plate to be meahured Is placed^ 
A simple clamping device holds the glass In position snuplf 
against this cleat Means are provided for accnraUlv measufing 
the position of the telescope with lespect to a fixed point the 
base two steel rode being used In this case one on the^loscopc 
vildo and one on the slide guide the distance herein them 
being measured hy mi a ns of ordinary mlcromclcr calipers 
In operation seicral measaiements an of the thick 

ness of the glass bv means of the nilcromeleisy and the average 
of these noted Ten readings are lOcummeoUed Then sight 
Ing through the telescoiie with no glass fn the path the teles 
cope Is shifted until the farther black line Is located In the 
center of the silt (the line also belug In focus) and clamped In 
this position liien the distance between the outside edges of 
the steti rods is measured and noted Vow the plate Is Inter 
posed being clamped against the aoo deat and the telescope 
shifted until the line again appears In the center of the silt 
clamped and measurement between steel rods again taken 
It ia welt to take ten readings for thla value also taking five 
with the glass In different positions with the end in one dt 
rectlon and five In different positions with the glass turned end 
for snd In tirdtr that any defects In the glass smfii as loeal 
ImperfsofloQs or to a wedge ahape between the two surfaces, 
be compensated The avmge of these r«adlg|e is found and 


I loin thlb equation It Is evident that the Index of refraction 
and the angle of Incidence being constants the displacement 
of the refracted beam Is directly proportional to the thickness 
of the glass Therefore the curve wuv calculated for an angle 
of to the gtasv or 00*^ to the normal with Index values 
ranging from 10 to 2 0 and with tho thlcknisB 1 Inch When 
the curie Iv used the value foi d obtained fiom (h< Instrument 
must be divided by the thicknc'iv of tho glavs as explained 
above Id order to mluci It to an cqiiM iJi nt plati of that stand 
nrd thhkiicMs The compulwl points on whkh the «uin N 
based HU as follows 

Iiidev I )isp1nceuii lit 

1 03(4 08 

UHilJ 1(> 

1 10(>] 24 

1 17-4 hi 

1 270J 40 

1 4270 4S 

1 0r>HS 



T«n readings for tUckneas ran from 0H2e to 0681 with 
068 aa the airernge The glaaa readings varied from l9St^ 
8M die everage waa 886 and 347 wav the aero reeding 
Then d= 30V-' 347= 046 in<diaa Thla velne for a thlckneaa 
eC 068 redneea to 04A— 068 for a thlckneae of one Inch so ttat 
the corrected d=S84, then from the curve 1 685 is the inde* 
of refrertlon corresponding to this talne of d 



Automatic Regulation of Humidity in Factories 

Conditioning Apparatus Developed at the U S Forest FkodnoU Laboratory at )dadison, WiSf 


I T has long been known tbat green lumber warpo oat of 
shape and that the grain curls ezceaslT^ when planed 
or carved so that for une In furniture and catdnet work 
lumber must be drv From one to two-thirds of the weight 
of a tret when It li cut down mu) be due entirely to the 
water Jt tontalns If the wood Is left exposed to the at 
mospbere the moisture Is slowly given np until eqntUbrinm 
with th( atmospheric conditions Is reached. In some dluates 
this occurs when the moisture Is 27 per cent of the weight of 
air dried wood in others not until the moisture content be 
comes 4 or 5 inr cent Air drying is usually a dow process 
and Is accomiwiiied by serious checking and warping The 
artlfldal drying of wood without Injurious results can be ac- 
cmupllshed only b> a careful drying schedule It Is posslblc» 
however to cut the material up and dry it In kilns to any de- 
HiriMl content without the materials becoming checked or 
wurped 

Wood contains water in two forms dther as free wster 
like honey In the comb or as h>groscoplc moisture actusllv 
permeating the cell wall tissue No change In shape takes 
place while the free water Is being removed but as soon as 
hygroscopic moisture Is removed the wood shrinks Ihis 
shrinkage li different in degree foi every species of wood and 
even within a spedee It Is dllferent In each of the three dl 
rectlona In a tree — radial from the heart toward the sap 
tangent lal« along the clrcumfcrcme or the annual ring and 
longitudinal from top to bottom in the tree With any change 
In hygroscoidc moisture there is an immediate shrinking or 
swelling of the wood In each of these three directions and 
by a different amount In each direction 
Ohanges in moisture content then are Important because 
they cause wood to shrink or swell If the moisture content 
of s piece of furniture changes after It Is made up the dl 
menslons of the different pieces will be altered and since 
the alteration may not be the same for all parta of a piece, 
warping Is likely to take place If the moisture content of 
the material used In making a single piece of furniture is 
not uniform at manufacture it will become uniform after 
manufacture, and, while aome parts may shrink others may 
swell, and severe warping and checking or even splitting 
may occur This Is particularly true In the manufacture of 
airplane propellers and fine cabinet work where pieces have 
been made to At exactly In such artioies severe stresses are 
set up with small moisture diangei In airplane propellers 
these stresses frequently cause Joints to open, bladts to warp, 
and the propeller Itaelf to go out of balance 
The moisture content of wood has been found to depend upon 
the temperature and humidity of the atmosphere In which 
it Is placed By controlling the atmospheric conditions. It Is 
possible to bring and bold the moisture content of wood to 
any desired value 

Along with other problems relating to the molature duusges 
of wood the problems of the proper moisture content for 
spedAc war purposes became acute miough to require par 
ticular Investlgatloo With the establtehtng of an airplane 
propeller plant at the U S Forest Products Laboratory at 
Ifadlson, Wisconsin, the necessary rooma were provided in 
which the atmosphere could be controlled and Its tempera 
ture and humidity held at any desired values irrespective 
of outside atmosiAierlc oonditlona 
Conditioning devices may be divided into three classes 
non controlled semi controlled and absedotely controlled The 
non controlled type Includes such methods as rahnlng water 
In trouts alcmg the side of the room, passing the sir over 
wet wicks Other ezamides tbat may be gtyen are the ^prlnlt 
ling of water or wet sawdust on floors or the spraying of 
wafer dlrectl} into the air The serai cturtrolled type Incudes 


most of the comanerdal fonns of hamldtflers These are ca 
pable of lAcreastog the humidity up to the value fbr which 
they are set, at which point the apparatas stc^ operatlDg 
The controUing feature for these typM is osoally aonM cells 
lose matsflsl, such as wood or fiber ^s type of apparatus 
Is not capable of ledodug the humidity The absolotely con 
trolled type Is capable of reducing the humidity, as well as 
incieaalDg It 

Rdatlve humidity msy be decreased In several ways The 
air may be heated without addltUm of lucdatare, this is 
shat ordinarily happens In factories during cold seasons Gold 
air la drawn in from the outside, is heated, and circulated 
throughout the shops, giving rdatlve humidities of 10 to 20 
per cent while in the warm seasons the relative humidity 
would be as high inside the shop as outside usually from 40 
to 00 per cent Low relative humidities could be secured In 
summer as well as In winter b> heating, but the neceasary 
temperature probably 120* I> or more would be excessive 
llefiigeration could also be used to secure low relative hu 
mldltles but the apparatus would be somewhat expensive 
both In Installation and In operation The apparatus finally 
(Ivowen for the Forest Products Laboratory Propeller (rooms) 
in automatic in its operation It la capable of acting either 
as a humidifier when the humidity is below the value desired 
or as a d^umldlfler when the humidity Is too high The 
principles of operation arc those of the water spray dry kiln 
which has been successfullj used In commercial operations 
ihe details of this humidity controUing apparatus were de- 
signed by H D riemann ML M F patentee of the water 
spray dry kiln 

OKLATIVK UUMIUm 

In order tbat tlie theory aud operation of the humidity and 
temperature controUing apparatus may be made dear a 
short dlscuBSlon on relative humidity is given 

The maximum amount of water vapor that space can retain 
at any given temperature is always the same More moisture 
cannot be injected without condensation ■ taking place Under 
such conditions the space is said to be saturate The pres 
ence of air does not iuterfere with the presence of the water 
vapor and the ordinary expression is that the atmosphere re- 
tains the water vapor with an Increase In tempera tuie th^ 
capacity to retain wrater vapor Is Increased and with a de- 
crease in temperature the exceos moisture is condensed out 

Relative humidity is the ratio expressed in percentage of 
the amount of water vapor actually present In the atmosphere 
to the amount for saturation at the same temperature 

Since the capacity to retain water vapor Increases with In 
crease In temperature, It is possible to secure low relative hu 
mldltles simply by heating the atmosphere without adding 
any moisture The amount of water vapor required to sat 
urate the atmosphere at 60* F Is only one-hslf that required 
to saturate it at 80* F If the atmosphere be saturated at 
00* J and then heated to 80 F without the addition of 
moisture Its relative humidity will become 00 per cent If 
we saturate air at 41* F and heat It to 80* F we get only 
20 per cent relative humidity Bvtdently we can get any 
humidity we deoire at 80* F simply by choosing the tempera 
turc at which we saturate the atmosphere and then heating 
It This can be done for any room, temperature , ao that, In 
order to control the humidity, It Is necessary only to control 
the temperature at which the atmosphere Is saturated, other 
wise called the dewpolqt tempfrature, and the temperature to 
which the atmosphere is then heated In Fig 1 are shown the 
curves trpm which the dewpoint for any room qmdltlon can 
be determined The curves begUmlng at the top of the sheet 
and dropplDg off toward the right indicate the actual iNiter 
vapor content of the atmosphere Under any condlHod, end 
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AND mAiNGfl IN TBMFBRATOBS 


tbe temperature reading at 100 per cent relative humidity !■ 
the dewpoint 

If we wlah to And the dewpoint for an atmoephfiit londl 
tlon of temperature = 00* F r^atlve humidity = 6S per 
cent, we follow the chart as follows At the Intemitlon 
of the lines Indicating 00* I and 06 pw cent relative hu 
mldlty (Indicated on the chart by the Icttir A), we find a 
heavy curve line rlaiog toward the left stopping at the 
top of the chart at 77* B the dewpoint of Mturatlon tempein 
ture for that atmospheric condition 

FBHvcinuE or ui/Mium coni sol 

It has Just been ahown that If air is cooled to the dew 
point temperature for a parllcnlsr atmospheric londlHon and 
U saturated, the amount of water vapor retained Is fixed 
It is Important that this shall not be changed or dse a 
different humldlt) will be secured Oonsequentlj the air must 
not be cooled bdow the dewpoint temperature after belnfc 
saturated or some of the water vapor will be condensed out 
Nor must molsturt enter the air from outside sources after 
the air is saturated, or higher humidities will result After 
the water vapor content of the atmosphere has been con 
trolled by cooling to the dewpoint temperature and saturaUng 
the air Is passed through heating units which bring It to tht 
temperature desired and the conditions ha\e bem controlled 

After entering the room the air is subject to changes 
Heat and moisture may be absorbed or given off b> the ma 
terial tn the room, or may pass through the walls of the room 
Since hi either ease, the air must be condltloDWl a^aln In 
order to keep the roopi Under control the ali Is drculated 
through tbs controlling apparatus again and brought into the 
room to compensate for the heat and moisture changes The 
capacity of the controlling apparatus must be large enough 
to move the air as fast as changes take place In the room 

GOirTBOL or TKB DBWFOIIBT 

The dewpoint temperature U controlled by passlDg the air 
through a S|my of water, whidi both cools and saturates 
the air Fig 2 shows the arrangement of the sprays in the 
chamber A line of wpny noadea Is jdaced about 12 indms 
below the top of the cbauibari and water Is forced through 
the noikla at abont da poimds presmire, giving a line spray, 
which drives the air through the chamber The water Isaring 
tha novles most be several degrees coder than the dewpoint 
te m pesalmte, toco it abwnhs heat in coblififf the air that 
is through The tsnpsrature of the spray water can 

be Te|toted bt n mltot valve sokii^M w4li hot and cold 


water at the same piebsurc which cun l>e ^ to supply water 
to the spra>B at any intermediate teinperatun 

The spray chamber la of waterproof material preferably of 
non lusting metal, and is provided at the bottom with a drain, 
through which the B|>Ta> watei carrlod off blnct the 
temperature Inside the spray chamber iiamel>, the dewxKilnt 
temperature Is lower than the room temperature the front of 
the chamber Is covered with a h< at Insulating material to pro* 
vent the cooled air from absuiblng heat before It leaves the 
chamber 

Ihc lateia) depth of the spioy chambei Is kept small enough 
to prevent back currents of air which might carry a mist out 
of the tup The spray carries the cooled and saturated air 
to the bottom of the chamber where It passes through bailies 
These baffles fitted with sharp lips, remote the entrained 
moisture from the air pievcntliif, supersaturated air from 
passing through 

Ihe temperature at which the air leaves the baffles deter 
mines Hie amount of moisture retained, and a tbtfmometer, 
placed In the path of the air as it leaves the baffles measures 
the dewpoint temperature By placing the thermometer at 
this point errors due to heat losses In ibe spray chamber are 
eliminated 

Tlie atr is carried from the baffles to the heating colls by 
dac!ts which must be waterproof to prcvHit moisture entering 
from outside sources and must be as warm as or wanner 
than the dewpoint temperature to prevent condensation as the 
air passes through If the duct N warmer, the air will ah* 
sorb heat and the water vapor is certain to be retained 
These precautions are taken to bring the saturated air from 
the quay chamber through the heating colls without a change 
In wate& vapor content 

tKicPKEATUM cciviaor 

Upon leavljig the duct the air pases through heating colls 
of sufflclent raparitv to bring the temperature up to the value 
desired for the room The air absorbs heat and as It rises, 
Infiuences s thermostat placed S or 4 feet directly above ths 
heating colls The thermostat operates on the steam supply, 
allowing sufficient steam tn enter the colls to heat tha air 
to the desired temperatun and cutting off the supidy whan 
the temperatore gets too high The temperature of the air 
In the room Is controlled within one degree of the setting on 
the thermostat The thermostat can he set for any tempera 
fare within a practical range and this makes flexibility of 
control possible 

The radfstion of heat and the pasainf of moisture through 
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the wttllH with K«'»oaaL diangef aftectlnK the condltloim 
of the attnrwphare withlp the rooma Hits may be compea 
sated for In part by using amall heatiDg colls during warm 
weather and larger coils during cold weather Hie banting 
unit may be broken Into subuollBi and only as many subunits 
as are necesjmry need be used Thus closer oontrol is made 
possible 

( JIU l lATlOir 

Ihe condltlont^d all Is circulated by two means first 
ihiouLh the /orc4 of Ihe sprays and serond through the room 
by fans placed above the heatlnj^ unit which take the air 
It ba\es the colls and distribute It through the rooir If 
the room Is being used to control the moisture content of 
wimhJ the air may largely be rcdrcolited and only a small 
supply of fresh air need be drawn in The heat and raoia 
Lure loams In buidi a room are ordinarily email so that It Is 
not nrctvtsnrv to condition the all so often and control im 
more easily maintained 


operating the steam valve by compressed alr» Is placed Oif tbe 
wall The dewpoint thermometer Is located above the b^ fH e 
boK Tbe dewpoint temperature for this particolar room con 
ditlon was only 25 degrees below room temperature, and no 
insulating material was necessary on the spray chamber 

Kig 5 shows a wooden spray chamber lined with 
waterproof paper The front is removed and Flk 6 shows 
the sprays In operation Ihe nofrlcs are set to give a ^ne 
spravi and not a mist Ihe water Is passed through goose- 
necks to prevent grit ftom entering the nosslcs 

mesFON or run AFtASATUs 

In workshops U la desirable to change the air once every 
10 minutes bspcrlnicnts on spray nosrUs have shown that 
with a ooroparatfvely free air passage one spray will move 
80 cubic feit of air per minute One spray nosrle will be 
necessary, then, for every 800 cubic feet of space In the room 
the rest of the controlling apparatus Is designed to conform 
to the number of sprays used Ihe beating rolls must have 
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8 PtiAN or SHOP AND OONDITIONINQ BOOR 


It ia more difficult to control atmospheric conditions In 
rooms where workmen are engaged, for doors are frequently 
(^ned, allowing unconditioned air to enter, and a generoos 
•ui^ly of ftvah air must be Introduced for breathing The 
additional changes caused by machinery and radiation require 
a somewhat frequent conditioning of the air 

AUANGKmfT or THK APPAXATUS 
Fig 2 shows diagrams of the humidity and temperature 
controlling apparatus The essential parts of the apparatus 
are named and the path of the air la shown by arrows Fig 8 
gives a plan of a shop room and of a atorage or stock 
conditioning room, showing the position of the spray chamber, 
heating units and accessories 
In the shop room the air Is drawn Into the opray chamber 
from near the celling and la carried from the baffles to the 
beating coUa through a duct under the wood floor The duct, 
which o j U gi a out fanshape to offbr least resistance to the 
flowing vfr, la painted on the bottom and lined on top with 
waterpeoof paper Double sash windows have been put in 
to red^ the radiation Fresh air la drawn in from 13ie 
outside through a conductor pipe leading Into the spray chans- 
ber Tha arrangement In the atorage room la much the same 
as In the ah<^ room, except that the ducts are placed akmg 
the waQ at the end of the apray dumber 
Fig 4 ahowB a idiotognph of oaeJialf of the asetal apray 
dumber The heating coila are endoeed In a wood box to 
air from paad u g into tha room before It la properly 
h«e^ The mixing valve^ with hot and cold water supply 
pipea, la shown id>ove the epray dumber theopoetat. 


capacity enough to keep the room at the desired temperature 
when radlatnoD through the walls Is greatest and to heat the 
rooled air as it leaves the baffles 
When the relative humidity desired Is 80 per cent or more 
(he dewpoint Is less than 16 degrees below the room tempera 
ture, and only a small heating capacity la required to heat the 
air as it leaves the bafllea As the relative humidity be- 
comes lower tbe difference In temperature Increasea rapidly 
and more heating capadty Is required The largest factor to 
be conaiderad In calculating heating capacity la the amount 
of radiation through the walls of the room Tbe greater the 
radiation the oftener must the air be conditioned In order 
that control nuy be maintained 
Storage rooms may be made with Insulated walls so that the 
air need not be conditioned so frequently Heat and moisture 
changes are not nearly so rapid ag in shop rooms and uni 
formlty of control la more easily kept 
Water must be supplied to the noailea at a p ressure of 
40 pounds In order to form a proper ainay and to move tiie 
air through the apparatus In order that the hot and cold 
water may both be aopidled to tho mixing valve at the aame 
pressure^ a part of the cold water supply la diverted throogb 
a heating tank and then sent to the mli^ valve 
Painting the walle of loonu preventa rapid change of molo- 
ture through the walls, and this, again, makes It easier to 
maintala oontrbi 

iWBAnov 

Because of its ability to maintain uniform oondUons, get 
lug u a humldlfler or as a dahuasldlflcr, ag tito oondltloiu 
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Mn Q WOODRN BIRAY CHAMBBB 1 [^E}D WITH WAiJ'B 
PROOI^ PAPER 



d^iiand this type of control is particularly valuable if the 
air eoten the spray chambei with a humidity above the de 
Hired value the excess moisture Is condensed out in passing 
through the sprats If the air (.nters the spray (hninher 
with a low humidity moUtnie is taken up In passing through 
the sprays and In either case (he air has been condltlonint 
to (be pn^r valui whin It loaves the baffles Whitbii nioN 
ture la entering or bavluji. tht room through the v^alls oi 
whether moisture la iKing ihsoihcd or given olT bv the tnii 
terlal In the room does not afTirt the op ration nr the foii 
trol for In either rss< tht air Is nutoinatleally oonditlonfd 
back to the desired terapenitare and nlntlve bumldlty» with 
out any change or regulation of th« controlling apparatus 
In Fig 6 IS shown an autographic 24 hour n cord for a 
storage room 12 feet hv W) feet hv 8 feet controlled by this 
system Tlie thenuostata have k^pt the temperature within a 
degree of the dtnlied value and the sprays have kept the 
dewpoint constant ^ suiting In a uniform relative humidity 
An occasional Inspection of 
the apparatus for small ad 
lustmeiits Is usually all that 
1b necessary The water sup 
ply should be free from grit 
or scum which clog strainers 
find noxBles and prevent 
them from operating properlv 
The type of Installation 
can be suited to conditions 
Where the apparatns is di 
^Ired as a part of the perma 
n«it equipment It la beat that 
It be made of non rusting 
metal For temporary pur 
poees only, a wooden chamber 
lined with water proof paper 
Is satlsfActory The oost of 
operation Is almost entirely 
that of wa ter supply A 
work ffhop, 80 feet by 00 feet 
by U fett, requiring a change 
of air every 10 minutes 
would call for a controlling 
ai^ratns with 20 sprays am 
snmint 400 gallons per hour 
Where ebU water Is cheaidy 
obtained tlfts type of control 
becomes a eommerdally too- 
tiomloal luftallattoa 


lh( application of humidity (ontrol to commercial tlUds 
lias fvtonsive possibilities In wood using manufacturing es 
tiblNhinenta where mahrlal Is cut accurate Iv to dimension, 
the best results an obtained when the wood Is kept at a uni 
torni molshiit content after being cut so that shrinking and 
H^elling due to chungis In moisture will have less tendency to 
prevent the pnits from fitting together at the time of assem 
liling 

In shops when humliUty control is not practiced even 
wlun the parts are assembled limncMllatelv the effects of 
shrinking or swelling, due to unequal moisture contents an 
not avoided but become evident In the warping checking or 
evLn splitting of the assembly When It Is desired to minimise 
those effects the wood should be conditioned before being 
cut to dimension 

Althoui,h kilns are mstruraenlal in removing moisture from 
wocMl the moisture content throughout a load may not be 

nnlforra and the dlfferCfices 
in idolstiin content on leav 
Ing the kiln may be grear 
enough to cause trouble la 
tliL manufne Hired article If 
tht stock of material is left 
In storngi rooms In which the 
conditions are controlled the 
moisture content becomes uni 
form a ihI subsequent un 
equal shrinkage or swelling 
Is minimised 

The conditioning of shop 
rooms lias a double purpose 
Primarily It affords control 
of the moisture content while 
the material Is being worked 
up Into shape Hven If the 
material Is conditioned In a 
storage room the condition 
ing must be continued in the 
shop If shrinkage or swelling 
Is to be avoided OontroUlng 
ahop conditions condLoues the 
process of maklAg the moll 
ture distribution imlfonn As 
a secondary result condltloii 
log a diop room Increases Its 
hiidtiifiilneM Dust in the 
air It carri^ Mnto the nMF 



yio 6 AirrOQBAPHlC f4-HOXm BKOBD F0» A ISOBAn 

BOOM 


28 


SCIBMTIFIO AMEBIOAN HONTVLT 


JAHOiJnrr iWy 


ctiambei and washed away with the waste water, glTlflg a 
supply of dean afr In the shop Also, the tempentore of the 
shop room moy he maintained at a uniff^m degree and In sum 
mtT when high tempiratnres prevail ontslde the thop may 
be kept at lower and more oomfortable temperatures 
Although developed primarily for use In wood using astab 
llshments, first In the dry kilo and then In thops and storage 
rooms the Add of this humidity and temperature control la 
by no means restricted to wood working plants It may be 
uned wbenver for any purpose it may be found desirable 


to maintain deOnkep uniform aCinosplieric esQ^tloair 
Among otberst condhtonlng oontnd haa been found bensAdal 
both to the material being manufaetored to the bealUi 
of employes in the following places Blntshlng and drying 
rooms, textile mills, munition factories, chemleal taetorlea, 
foodatufr factories, rubber factories^ lyad tobacco factories 
There are numeroua other Important Industrial plants In 
which control of atmospheric cmdltlons would be beneAdal 
and the type of apparatus described in this aitlde wotlld 
probably be applicable to many of them 


General Applications of Selenium — 1* 

Its Utilization m Biological Chemistry and in the Glass and Rubber Industries 

By Loau Ancell 


Al flrat i^aoce aelealum aud iU applications hardly aeem 

r\ to be properly Inctuded wltbln the domain of Indoatrlal 
^ chemistry properly eo<alled Uorwever certain new 
aK>llcaloDS of this metalloid either already accompllsbed or 
by way of accomplishment In biological chemlutiy In them 
ical Induatry and eoeclally In electrical technology make k 
a matter of Intereet bo consider In a single articla the pn^er 
ties Bod applications — el once so original and so varied — of 
substance so soantUy found upon the earth and yet so 
wril known because of the numerous acleuriflc works devoted 
to It 

We will examtiie In order 

1 Selenium and its principal properties 

2 The odllsatloQ of selenium in blokiglctl chemistry 

8 The employnnitt of srienlum In ttie glass and nibbei In 
dustry 

4 The applications of srienium in electrical technology 
espsUally In the riiemtcal Industry, the military art the pho 
tograpby of words or the reprodnctloD of sounds by phcSog 
rapby witrieus tetepbony, trievteton and the transinlsaloQ of 
Images to a distance and photometry 

0 The future of seleahmi and Its apKdlostloiis 

SelQolum Is best known by its curious property of having 
Its electric ooodactiblllty influeiKed b> exposure to light but it 
la none ttie less true that It Is capable of yarlous cheniloal 
appUcatloos of so Industrial nature and in this respect H 
offers a wide Arid for reeeandi 

nuifciFAL raommu or scleniuic 

Mianufaoture — Selealum Is a metalloid belooging to the 
sulphur family whose atomic moss Is 79 1 the figure adopted 
In 1898 by the Intenwitlonal OommlssLon of Atomic Wel^s 
It was discovered In 1817 by Bersellus In the sediment of the 
lead chambers of GripahoAm the treatment required being long 
and oompllrated The present process as applied in one of 
the principal chemical works in France conidats In extract 
Ing the srienlum from the residuum left by the treatment of 
the Hantmont (Nord) pyrites, tlturatlng about 15 per cent 
These residues are first treotod with ogas regU which traos 
forma the eelenlum into setariDUs add This latter compound 
is lednced By sirphnrous arid which precIpltateB the seLenlmn 
in Iftie fogtt of a powder whkh la then washed and dried 
Finally the prododt Is mrited and run off In the form of 
cyHndsis In Copper molds Immersed In water It Is pUced 
upon the market In this state 

Beteodum can also be extracted frmA aoridte and the Impure 
double eelenllde of copper and lead whkh If tolvslfiy ibun 
dont In the Aigeottoe BepobDc; sod which contains neariy 80 
per emi of seleiiiiim. In this cose the pulverised miaersl is 
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treated with oqiis repls which transforms the selenlam Into 
selenlous acid aud the metals into cfalorldea The excess arid 
is driven vff b> evaporation and the sirupy liquid is then 
diluted wkh water In order to precipitate the major portltm 
of the chloride of lead After filtration the dear liquid is 
treated by a curreDt of sulphurous gas which preclpltatea the 
sdenlum In the form of red flocculae It la filtered again 
and washed with hydrochloric acid and with water to dim 
Inate the last traces of diloride and is then melted in block 
lead cructoles and run off dther in sheets or In cooled moMs 

It is of importance e^ieolally with respect to the Ghyoical 
appikstftons of sdeniutn to purify it In order to ellmliiate the 
«iulphur and the teUnrtum which U always contains One of 
the most practical methods of doing this appears to be that 
of Divers and Shlmosd^ since this permits a rapid and pnro 
tkrally complete purification In this process the sdenlum is 
dlasohed In boiling conceDtrated solphurii acid and Is thus 
transformed Into sdenkHM add The cooled liquid Is after 
wards diluted with water and then treated with a current of 
aulpburous gas which precipitates the sdenlum The red 
powder obtained is separated by filtration, washed with water 
and alcohol, and then placed to dry upon plates of porous 
porcdaln In ibis manner the traces of tellnrium are com 
plotely eUmlnoted and the purified product contains only slight 
traces of sulphur which ere practically negllglbie 

belenlum presents Hself in various allotroplc conditions 
which are of interest because of their peculiar properties A 
first form of these faidudes vitreous selenium, amoiTdioas 
srienlum, and colloidal selenium a second form Is red crystal 
lised Brienlam and a third form is grey or metallic crystal 
Used selenium vriilch Is dlfferentkffed friym the other two 
forms by the fact that It alone is oompletoly Insoluble in 
carbon dlsulpfalde 

rarsoua gileaism— 1 In its first form selenium at 

220* C and becomes soft and viscous at about 00* O , 
If it Is then cooled aggto it becomes liaxd and faMttle 
and Is ithen caled nifraoss selenlm This Is black in cefior 
with a ooocboldal fracture and when niwdered It Is grayish If 
the powder is coarse and red if it fs very fine In the course 
of our researriies (begun in 1900) concerning this Torietr, we 
found that vitreous srienlum melted at 220* 0 and when cooled 
raifidly afidsr preerare is suddenly transfonned IpId a new 
varl^, vUOet gray to oc^snd composed of fine crystals which 
are higlily seosttlve trim the pbotaMfiectrlc point of view, bot 
whose stsbiUty leaves much to be desired. In onleg to 
utlliie and tareserre this extra seosltlTe variety, oodseqiuntly. 
It Is advisable to add to k a certsiii quantity of v Kr eo u s srim 
him in order to distribute nnlfonuiy toe vioilat gray crystals 
la a sort of solid aftid etshls solatloa of vfttVMS svIiinlTmi 
The lattor oonstttotoa a tobstrstom which ownsnto anJL rw 
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BOlfiNTmO AMBBIGAN ICONTHLT 


vtllH tte vmriDu aoultlve cfjitaU of tbe upper etratom 
wbkb 1« expoeed 4(> the litfht Accepting fbto explanatlou 
iMiMi appean to be more or Iw plausible buf whkb Ss |l\ai 
here merely by way of sacceatlon, we eucceeded in discovering 
a p roce es which enabled us to mate a practical preparation of 
stienlm ceOa which ere eoctremely aeneftlve ef\en to the 
feebleet Imnlnotis Intenaltlea, On the other hand the sllgtBteet 
I mp ortty (particularly mcftanic powders) conatltiites a sort 
of polsoo which while ectlvaitlng <the transformation ceusea 
the deetmotloa of the unstable variety of Mmsklve crystals 
and transfonns the mass of selenium Into a variety whkh Is 
as good a ODnduotor as a metal and la furthermore insensitive 
to light* This modiflcatlOQ is also capable of being produced 
In the cells by the mere Lapse of time or under some external 
Inflaeiioe sudi as tftie sodden passage from heat to csold or 
vice versa a somewhat violent shook or a sudden bnxik of a 
drcult oootainlng a eeAfinduotloa and tht, dll It is ob 
vioos therefore^ that very greait precautions inu^ be takin 
In the preparatton as well as In the enipkiymt nt of this 
variety of highly sensitive selenium 
Amorphous fldcnivm — Also Included In the first form of 
tbe allotz^lc state Is antorphout aclenlum which Is obtained 
In the state of a red precipitate throngh the reduotlon of 
selenious add by sulphurous gas Heated to a temperature 
of 40* C Co 60* G this red powder becoinos agglomereted 
Into a soft moss which becomes hard and biitUi when cool 
Oottoiddl SelmUam — Colloidal selenium Che third varlet> 
of this first form is obtained by mlxhiL two ^ery dilute solu 
tions of selenious and solphurouv acids The nilxtun which 
Is yellow at the beginning gradually turns rod and flnallv 
deposits a red powder of selenium insoluble In wafer which 
beoDinn agglonierafed at 40 O to 60 C and Is Crans 
formed like the aiiiorph4m8 sdenlum and under the same 
cowidltloos, Into vlbreous seleniuin 
CrystaUUsed Red Ibis eonstiitutes the second 

form of the allotropic state It Is not senslCiTe to light and Is 
obtained by the skiw and cortful uaporatlon of a sulpho- 
carbonte solotlon of selenium 

OrysfaUtoed — 3 FtnaHy pray or imtallu ifys 

taUieed selenium is obtained by Che action of best upon any 
one whatever of the foregoing varieties This aoxudlng to 
Saunders^ is the form whldi U most stable at all tempera 
lures below 217 0 to 220* O the pednt of fusion of seieufum 
Ihls variety Is not soluble In tbe sulphide of <arbon no 
longer exhibits a oonCholdal fracture and assumes a granular 
aQ>ect It is a conductor of electricity ei«»eciaUy under the 
Influence of light or of a sllgbC elevation of fcemperMare 
The denstCy of xelenlum varies from 4 268 to 4 806 In the 
different varieties* 

The Bvmige boiling point of selenium is about 000 C ax 
proved by Daniel Berthelot' 

Vitreous selenium which Is not a conductor of electrldiy la 
transformed as we have seen under the kiflaenco of heat 
alone Into the metallic oouductlng modlflcatWm, or under the 
combined Influence of heat and pressnra* into a modification 
which is an even better oooduotor of elect! idty than the 
ordinary metallic variety This omdaeUbllitv Is highly aug 
mented when tbe selenium is mixed with metallic powders 
It Is well to note, also, that tbe heating of selenium in order 
to dbCaln a hlgMy sensitive ^ulety should be made with a 
care to esdode both humidity and a direct gas flame 
The augmentatloii of the oondoctlbHlty appean to be due to 
the imaence of metallic aelenlldes according Co the researches 
of a number of awtboritlet (Qraham Bdl, 1880 Schuller, 
1888, and Bldwdl, 1881) corrobomted by our own Inveitl 
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gations When these adenUdes are formed upon the gurfaos 
of wires or of sheets the conducUbilHy Is normal when, on 
the contrary, a few fragments of metbllk powders or of 
vitreous selenium which lias been melted and previouslar 
rubbed upon Che metal are mixed with pun> vitreous seleii-' 
ium the latter is transformed under the tufluenoe of heat 
alone or atlll more rapidly under the combined Influeoce oC 
heat and presaure into a variety of selenium whkh Is to 
good a couductor that Its cooductlbllity approximates that 
of a metal A cell sensltlEed under these conditions Is 
praicCicalI> unusabh As a rexult of this fact In oonstruotlug 
selenium cells it is ntoeasarv io employ a support which con 
tains not the slightest metallh or conducting particle and 
which is incagsible of absorbing hnmtdlt> Porcelain and 
certain varieties of steetke are suitable for this purpose 

The nature of the melal cmployHl as an electrode does not 
appear to have anv peniptlhle Influence upon the condui^l 
bfllty of the selenium Platinum Ima the advantage of not 
being really oxidl^eil and i upper or even braw can be readily 
used In pracCh^ 

\%e may mention hen that n collation of all the researtfliea 
devoted to srienium has been undertaken in various quarters 
(Auudursl 1804 Ufoirc 1007 and Bles 1008) The Russian 
journal Qacsliofu de Pkysiaqe for 1010 page 175 ccmtalns 
a rdsumd of the principal results obtained 

IHX LTIUZAllOn 0> UIKIfXOM m BIOIOOICAL CHEMlSmT 

Sllenlum alone has hitherto found but little employmeDt In 
(hemistry worth mentioning from the industrial point of view 
But it has been used for several vears In the form of cuta 
neons InJectloDB In mlct at the Instil ut Pasteur by M Borel, 
In certain bHogkal rcxeaichea relating to the development 
of cancer It has been thought that the toxlcH:? of selenium 
and of Its salts might occasion a retrognsslOQ of the tumors 
As a matter of fact however the expeHimatts made uixm 
mifi have not yielded romluslve results and uo tests have 
been made upon human subjects So far as we know no now 
researches have been attempted alont, this line 

SEUElVnTU IN THk GLASS XXD SUBBKB INnUSTRtVS 

Selenium has been employed In the manufacture of glass, 
giving a pale violet color and more recently In the vulcanl 
^tion of rubber 

In the first case the selenium is incorporaited with the 
molten glass either in the form of vitreous selenium or 
under that of sdenitea which undergo reduotlon during the 
manufacture of tite gl^w 

As regards the latUr iixt experiments have been conducted 
in Boxton rinre 1913 bv the blmidix \llTt and Gable Go In 
these expeiiments a quantlt> of selenium equal to that of 
tbe sulphur employed in ordinary vulcanisation is heated to 
160* 0 for two bourse ttine The product obtained Is rome- 
what less solid from the mechanical point of view than the 
rubber voicanlred by sulphur On tbe other baud it U 
Xwsslble to obtain selenium rubbers which are soft and v^ 
durable and which exhibit excellent resistance to normal 
traction and extension by heating the selenium to 1S6* O 
together with certain organic accrierators for a pmlod of 
tfme twice that of ordinary vulcaniatloo 

Ttds selenium caoutchouc does not deteriorate In ^ite of 
the sensitiveness of selenium to Wgbt 
{To be continued) 


NEW USES FOB CBIXON * 

Liquid ‘ Oellon ' can be used for impregnating textiles, etc , 
or for making insulating tape In this latter fbrm It can be 
fiakea from the round box la which It Is wound up, even In 
the moist condltloD, and allowed to harden la air— Abotracted 
through The Teohirioal Reeieies from MUtMungen let Beidhe- 
bundes DeuUeher TeohtMi Aug 80^ 1818 



Modern Class Manufacture 

Amencati Methods of Making Cut Cluss 
By J F Springer 


G LiAbb ttf 1 think, one of tin luirfit wonderful of all thi 
materials pioinlnent in modem cL\ 111/a tkin Whin 

one mnaldtni the tieautlful flmr tran'<nunni\ attain 
able with glnan niid the rtuUlnefui with which Hu truuHpareut 
Bubfltancc. may lie Hliaptnl to un in/lnlt} of forma lu begins 
to nnlI/» Moiiu of the lUiiiikfibK qualllUv ^\hLa one 
further niKl takt^ Into uK^mnt the. lTiimunlt\ that (cIuhh enjoym 
with rtai>e(t to the oUhlI b of pn tt> niudi nil adU^ and cheiii 
Unis f»f i\4r\ oort lu Is ^till fnitlui Inipnss d 1 he fore 
aoini, fiunlHUa taken In coiirus tion with It a ihiaiimma make 
of It one of tihe moat populni 
and uiafii] of all the mate- 
rials ubed for houoclndd lab 
oratory phannacditUnl iiiid 
bulldliiK purposes InhU 
ware, cbcmUml appliances 
niccllclnt boltbs window 
glass — all those im promlmnt 
examples of tiu ippllcatlon 
of hluss ihls material Is 
uaaally \mv fni^^lli billtb 
and bard Hut thoat qiiuli 
ties van iHtwicii limits that 
are falrl\ wldi apart Glass 
Is oidlnarlH biiL not nlwa 3 s 
transpnient H ( i a u s i of 
Aiuh >Qilatl4»ni as those noted 
It Is not M» easy to t,lve a 
deacrlptlx df dnltlon Uiat 
w 111 aufflc lently distlngulah 
It from other substances 
lh«rc Ih however one qual 
Ltv which assists us In nark 
Ing It off and giving It a place 
of Its own Glam Is struc 
tureless DoubtUss from the 
point of view of chemistry 
there Is aliuclurc Genera lb 
mlnfrals and bodies of th< 
types associated with lift pro 
cesses have a crystallioo or 
efther structure With glass there Is appaiently no such 
thing as a structure that can bt made fvldcnt by the unaldtd 
( yi or by means of the mlLroacope Glass seems In fact to 
l>e as atru< toreless ss any of the liquids— as water for ex 
ample If one chooses to regard glass as a congealed liquid 
he mav do so prodded he does not assume anything In the 
nature of cr\ stall 1/at Ion However W Itosenbaln an au 
thorlty on the manufacture of glass savs All (.lasses are 
capable of undergoing the change to the crystalUne state 
when kept for a sufflUent time at a suitable temperature 
Ihe process whic4i then takes place Is known as devltriflca 
tion, and sonutluHs kbes rise to w rlous manufacturing 
dlfflcultles 

In gener^ glees mav be viewed whem In Hu molten state 
as a mutuiA soluflon of silicates and borates Fhe condltkai 
of mutual solution contAnms throughout ordlnan cooMng 
BO tliat one la privileged to regmrd ^aas In the cold state aa 
a congealed solution Ihe substances which ea>t«r into the 
aunposlUon of glasses have naturally tbtir individual melt 
Ing points, so that If the temperature of a mass of molten 
glass be maintained for a period at a little b^w the fuskm 
point of one of the constituents, that eobstaace may often 
begin fo solidify alone and iu crystals to take form in the 


mujM ibis Is a dcvltrlAcatlon process and Is soinethlug to 
whbh certain gSasses are eepeclally subject ^ 

It la a fact well recognized that the presence of ImparlHas 
In a substance often teuiU to lower Its point of fusion This 
N trui of kluMH Purt silica may be made into a glass of a 
\in valuable kind but the temperature necessary to effect 
Hu fnslon of the pure substance is so great that the ordinary 
tiiinace of thi klH^initkcr Is quite Inadequate The labora 
toi 3 fuinace hfnleil by the oxy acetvlcme flame Is, however 
iiHOhle although a bss perfect vHkb ware Is producible by 

means of the electric furnace 
Glass is dependent upon 
the mati rials wtdeh are 
brought toMther In the mass 
A\hlch is reduced to the 
iiioltvn state in the crucible 
employed — but It Is not en 
tlrt1> dependent upon these 
materials I hat la to say, 

during the period of melting 
the nmlten mass will absorb 
from the dre-day crucible 
Die mutual solution constltut 
log Ihe molteD mass tends It 
N understood to a condition 
of aaturatloD so that It will 
Muk to rectify anv deficiency 
l)\ nimorptlons from the con 
tamiiik \emel Becairie of 
th»> fact it Is customary to 
the predse character 
of the material lo the body 
of the erudble with a view to 
«iuch absorptions for exam 
j>le If a crucible dharge is 
iKh la silica an acid sub 
Miance but deftdent In bases 
Hit ninas when molten will 
naturally dissolve basic ma 
terial from the crucible wralls 
Similarly If the dmrge Is 
pfHU In add maUrialb It will tend to absorb substances from 
the fireclay container 

A certain glass which Is rather difficult to make because of 
Its considerable fusion point. Is termed 'combustion tnhlng' 
ibis tubing meets the desire for a glass capable of retaining 
Its hardness without much loss when it la heated to a rod 
heat Instances of sudi glass are the varieties known as 
lena special thermometer glass, and the French ''Veire dur** 
The hlidieat qualities of refractory glass are competait to k 
sist temperatures up In the neighborhood of 900* F Com 
hustlon tubing is raanufhctured fronv a gUiM oontalnlng a much 
reduced percentage of basic material The alkaline material 
Is esped^ tnlnlnilsed What basic materlsl is used is 
selected from the highly refractory baseg, such as Ume, mag 
nesia etc Special furnaoM are needed to affect tlie mdlting 
The molten maia In the cmdble or fomace Is removable 
In three ways— and, It seems, In three ways only These are 
(1) by means of a ladle. (2) by pouring^ and (8) by gathev^ 
Ing The most obJeotioDsble of these is tbs first The metal 
of the ladla oommunlcateB Impurity both to the ^sss with 
drawn In it and to the main body into wMdh H4s dipped. 
Further the cold ladle carries with It a consldecmbls qpan 
tity of mnaU partldes of air, or, pethaps It wohU bs ibors 

e 
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correct to say that the ladle carries In all uhUli iiiuiilfcHta 
ItBclf aa small bubbles in tht bod) uf Ibe A hot 

ladle might perhaps a^old this phcnoinin^m but It would 
Introduce another objectionable result— ^the adherence of glass 
to the metal This disadvantage must l>e rankt^ b\ the 
manofacturtrs as very undesirable indeed since cold ladles 
are in such general use, despite the air bubbles and the addi 
tlunal obJectloDable feature that the cold ladle chills the glass 
In Immediate contact with lu inner surface 1 ndllnk m In 
general confined to those cases whert the glass is to be 
used foi such purposes where the buM)les will not find objec 
thm Such glass Is, naturally Inferior In quality It is, 
however quite servlrtable for certain applbatUni^ — especially 
window glass of Inferior grades ladled ghss is uaualh 
rolled That la It is thrown upon a le\cl mirfan and there 
rolled by a roller which passes o>tr the surface or It Is 
paned between two rollers set in fixed posltUma and Is rc 
oelved subsequently to emergence b> a moAliik table Thib 
latter variety of rolling Is especially used In priKlucing fig 
ured rolled plate, the figures consisting of indented pettemM 
The higher qualities of glass are remosed fiom the crucible 
or furnace by pouring or gatbm'ing Thus cut glass Is made 
fh>m roaterMl withdrawn by one or other of these methods 
and seldom or not at all from material remo\ed b> the ladle 
The explanation Is simple When glass is cut for the purpobc 
of ornamentation a greater or less amount of work Is put 
upon It which tends to Increase the price Consequently the 
eziiebse means dose scrutiny upon the port of the customer 
Pouring Is accomplished by tipping the lontnining crucible 
or pot This receptacle may be the one In which the original 
melting took place or It may be a special pot to which the 
glass has previously been transferred In either case the 
highly heated pot widi Its diarge of molten glan may require 
to be taken out of the furnace by mechanical means Over 
head machinery may now be called Into action for the parpoee 
of transportliif the pots to the spot where the pouring Is to 
take {tface The pot Is tnted and the glaes runs out What 
BOW befxmies of the glaM depends upon the pavtlcaUT method 
of manntactum In one procedure, the molten gUias flows frean 
the pot «pon a roOluf ttMe and a roller Is passed along to 
ion out the pod Into a dieet or thin dab 
Indaad of pot% it Is often, not to aa>^ generally, preamble 



OUT THE PATTBBN IV A OLABBT DDCANTBB 
WITH A CARBORUNDUM WHEEL 


to use what is known as a tank furnace In a work on glass 
manufhclure dated 1908 the author stated with reference to 
tank machints None of these devices have so far as the 
writer U awan found ihcir wav Into pm<tloe ’ In a U S 
( o\( ronieni leport duttd 1017— only nine years later — It Is 
stated The tank furnace has generally dlophiced the pot 
furnace Tht advantages claimed for It are Increased produc 
lion continuous operation regularity of work, more edlclent 
utllisalion of the heat and flame of the furnace greater dura 
hint) and better glass production In that the molten glass In 
a tank can be maintained at or near a constant level which 
iimkeH gathirlng easier 

Thtre art machines which dispense with gathering and 
substlUitt pouring or flowing Thus, there Is a t>pe of tne 
dmnlcal device which la ndaptul to receive molten glass Into 
molds which revolve In the cast of a certain machine of this 
tvp4 the revolving mold'4 will below a certain point 

Iltrt linn will be a projiction fnan the tank A stream of 
nlob^ flows vertically downwaid as tlie molds paM There 
Is at one side of this vertical stream a cup shaped cutter, and 
at the opposite sidi a bladi The cufttr and the blade are 
opeiated horlrontallv In such way as to wme together after 
the mannir of Ihi blades of a pair of scissors The result 
Is that the vertical stream of glass la cut off It contlnueH 
however to flow Into the cup-^aped cutter Instead of paaslng 
on Into the mold Ihc tup affair Is turned over part way, 
but not so far as to prevent the glass frt>m the tank from flow 
Ing Into It The next mold now comes Into position and the 
glass caught by the cup device Is delivered to the mold * The 
stream of glass from tho tank then flows directly into this 
new mo^d The ode of operations Is repeated as eadi mold 
comes to position These machines are not used for gU 
purposes In fact, their applleaticms appear so far to be rather 
limited They are partlealarty suited to Jars and to bottles 
with wide mouths 

The third method fmr removing glass from the furnace or 
crucible proceeds by using a heated Iron rod or tube The 
rod or tube is Introduced Into the mass of liquid glass and 
gathets a small amouirt It Is then withdrawn and the glass 
permitted to cool to the point that It Is able to support Ito 
own weight The rod or tube wHh Its ball or knob of par 
tlany eoded gUss is now Introdnoed into the moltn mag and 
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addttlonal tDatertail gatliered The cooling b repeated By 
going through this procedore a naraher of times a conaider 
able amount of gUia — up to dO or 40 pounds — may be gath 
ered Ibe proceoa la suitably known as gathering 

Perhaps the most InteresHnt, aide of the glass Industry b 
tliat which Is ounumed with the manufacture of (ut gtasa 
The Interest of Amcrltane ^tll not be dlmlnletied by the 
fact that the hea\y cut fclass manufactured In the United 
Statea b thought to be superior to similar cut glaaa manuCac 
tared elsewhwe la the world Su]M.rlorlty Is claimed particu 
brly In rtspoct to the crjatul brnilaiiiy and to the shartmess 
of the cutting Oxide of lead and putasli ha\e been brgeiy 
employed In making the kbas The i)Otash facilitates the 
fluxing of the other materials which entei tli« furnace Ihdh 
the potash and the lead oxide produce a pilsiiutlc effect with 
high refractory qualities So beautiful end iinbti< are the 
best grades of Amtrkan cut glaaa that Itn reputation has 
spread throui^ut Uie world Permit nif to repeat from a 
grave GovemnieDt document a story llluatiatlvc of this 
point ' 4ome people aceastometl lo nbrmd are 

Inclined to b«4le\e that cut hlaKS fn»iii Fun»pe 1 h suptrlor 
lo quality to tho best American proilurt An Amiris iin manu 
facturer of cut glass who has a salestooiii In N(w Voik City 
Infunned an agent of the Bureau of foretiiii and iKiinentlc 
CcMumerce that two yean previously a wealthv woman called 
at the factory and itvowed him a glass article which Imd l>cen 
broken She stated that sbi had purchased Chi ml at one of 
the fine shops In Vleuua and Inquired whether this cninpttin 
had not Imported a slinllai act from which the broken nrtJch 
could be dupUcated Ihe innDUfaclurer examined It clos^l) 
and informed her that bis solcsroom lii Ntw Yoik had a slm 
liar article In stock and that it would be ehlpped to her The 
cat gbss products of this factory had lx en e\poi ted In con 
slderable quantities to Auatria Hungary and the broken art! 
(le that was duplicated had really betn made in the American 
fac*tory • 

Cut glam is manufactured from blown blanks or else from 
pressed or molded blanks The latter type of blank may 
come from the press molds wkh n cnnaidmblt part of the 
desired pattern already formed XUiere are naturally varioos 
grades of quality Whin (lu cutting is shallow aud has been 
effected merely by thr use of the cnmnion uniKHlshed wheel 
ingraving the cost of certain small articles may bi such as 
to permit their sale In 0 and 10 cent stores Then, on the other 
hand tfie deoigus may be most eUvborate and bekmg to the 
class known as rock crystal l^i cutting and engravlni, 
of such artltles ns \b8oh stem ware colognes etc \n gen 
erally carried out on Idown blanks Appereutly the principal 
reason Is that nudi form% ere uitsnited foi production b> the 
intdd Where the form Is open — that is where the ptetes 
ore bowls plates etc - tho pressed blanks are nauallv ein 
ployed As to designs it Is said that there aie many more 
origlul designs used for American lUt glass than for Bnro- 
pean and that manj AineHcan ikidgns are taken abroad and 
there Inltlateil Ootub back to Uie normal period iKfore the 
outbreak of the Great War ooi learns that Europe Imported 
American cut glass In inMislderablc quantity Tfai countries to 
which the exports went Included countries that prodocr 
defeat glass and that ha\e hlgli duties <m their Imports 

In typical high tnide manufacture there aro three principal 
operatlODS First the cut Is made by means of a steel wheel 
The kUias article Is hi Id against the rotating wheel and sand 
and water are poured on the wheti. Seoood, the aitlde 
Is h^d against a rotating stone wheel wheel smooths our 

the roukh cut made by the steel disk JVo \arletles of a 
Scotch stone known as OraighleKh are employed One is 
blade In color and Is softer than the other which is white 
The mat blade stone Is prstared Third the artlde Is held 
against a rotating felt whed The effect; here Is to prodaos 
a polished surface The Initial or roughing operatioii Is often 
eliminated by the use of saitsAfly figured blanks psoduoed by 
a press-mold This procedure effects also another mwing 


That la to say It Is then oniieoeisaiy to mark the pattern on 
the blank However the prodocttoa of figured blanks was— 
and perhaps Is stflb-Hioccmipllslted by a patented psocs ss! 
1 lain bleuks had to be used by factories not parttdpatlng In 
the patent These were produced by iron pressnre-moldB or 
else blown In the onUnary way 
Ami ricaii methods differ somewhat from European In gen 
I ral, in the United States, a big manufaeturer will nse different 
workmen for the three operations In Europe, one lUan offte& 
carries out all three Naturally the American workman be 
ci>mt«s Idhhly (xiwrt on hbi udiiglt^ i^ratlon Where the lines 
of tlu ilceign ha\e a considerable radius of curvature It Is 
liermlHHible to use large wheels There » an American ten 
clench to fhvor such designs rathir than those whtCh oontalu 
sharp curves for which amall Wheels must be employed 
American mnnufaitorer^ uae In the smoothing operation 
carborundum uheHs and carborundum ponder or groins to i 
coniilderable extent Instead of follow! the European piractlce 
of implovlng stone uhi'els and Hand Tn Europe the poll<di 
is usually perfoimetl b> iiiianB of Iht f^t Wheel and 
|iutl> jNiwder while In America the article is dipped tn add 
siibsequi ntly to the smoothing opera titon Phis preparation 

for the pcdlshing h understood to result in the malDtenance 
of the shatpness of cut whereas hand polishing with thi 
flit wheel and putty powder tends to dull the cuts The people 
In F uropc have not been educated to the beauties of deep-ent 
Klass a ere since — at least until recent ^ ears— they xmferred 
fhin ware But thdr education Is progrenslng An Importer 
who sold Alsatian ware In the United States made substan 
tlaU> the following statement Fhe years ago 1 saw n 
alndow full of American deep cut idoM In Strassburg the 
capital of Alsac^Lorralne After that I quit tr>lni. to com 
pite In New York with American cntglaHH 


ElFCrROlXTTO COI PF R 

CoriEB from Mine to Finished Product Is the subject of a 
very Instructive brochure Issued by the Anaconda Copper Min 
Ing Company Much of historical Interest Is given as well as 
dc^rlptlona of conunerdal procesaes and the following pare 
graphs on the electrolytic refining of copper arc quoted 

The electrolytic refining of copper may be divided Into 
three stages 

1 Melting the Blister Oepper and casting Into ‘Anodes 
read> for the electrolytic tanks 

2 Plectrolytic refining and obtaining Cathode Copper or 
0008% purity 

3 Melting of Cathodes and casting the commercial shapes 
such as Wire Bars for wlrt mills Cakes for rolling mills, 
Ingotx for the brass and alloy manufkaturerM etc 

ihe Blister Copper is delivered to the refinery In the 
form of slabs weighing about 300 pounds These are melted 
in ^e^e^berato^T furnace\ known ae Blister Furnaces of OOO 
000 pounds capacity The details of the operation are pracUrally 
the same as in the Beflnlng FuniaceB In this melting process 
hut little refining U attmnpted although some of the imparl 
tUs are removed wHb the slag and tbi sulphur is practically 
fllmlnated The copper Is cast into Anodes 37 X 28 XI 6/8 
Inches weighing about*600 pounds A typical assay ot Anodes 
follows ^ 

Cowa^-0025% 

Silver— TOO ounesa to tho tea 

Gold— 85 ooneae to tho too 
Arsenlo— 000% 

Antlmoiiy^ 052% 

000 % 

IiMd— 008% 

Iron— 008% 

Blsmiili— 008% 

Salphiir— 00i% 

Selenlniii— 006% 

TeUarlun— 006% 

Oxygen— 100% 



The Death of a Big Gun 

A Study lu Eronou 

By Arthur Benington 


j^TILLBitT oi all aorta la abort Hred and the blcger 
and more poweifal the gun the ahorter la Ita life Aa 
In homon life we ahould count time by heart thrc^ 
go In common life we muat count It In ahota A man la not 
living when he la In a atate of coma nor ia a cannon living 
when It la not firing A cannon begins to die with its very 
first riiot, for this commences the work of erosion which 
progr ca a o a wHh each shot udUI the bore of tiie gun ia so 
worn that the projectile no longer fits it tightly the gaaea 
generaited by the exptoalon escape around the aides of the 
ah^, failing to exert their foil force upon it the lands of 
the rifling are no longer true and therefore cannot Impart 
to the projoctile the preciao velocity of rotation that will 
carry H direct to Its mark Accuracy of aim u now Impoasi 
ble and the gun a life of uaefulneaa is at an end It la true 
that It can be rellned and more than once, but thla la a major 
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operation for which the gun muat be moved from the front 
and placed In hoqiital In the hands of expert aurgeona and 
the coat of rellnlng a cannon three times la practically that 
of a new gun 

When we consider the enormous coat of cun non and llo^^ 
quldcly the hard steel of ita rifled bore la destroyed hc 
B hall appreciate the Importance of learning precisely what 
takes place within the firing chamber m order that metallur 
gists may have the data necessary to a study of new methods 
of hardening and tougfamlng the metal and thus prolong 
ing the life of the gun Roar Admiral Bttore Bravctta of the 
Italian navy baa Just publUbed a book on artillery in which 
there la a highly Interesting chapter entitled * The Life and 
Death of a Gun ’ In thla he atatea that before the war the 
British naval authorities considered goiia eroded to tht 
point of nselesanes according to the following acale^-tho fig 
ares, of course, b^g averages 100 mm gun, after 7S0 shots 
127 mm , after 040 102 mm , after 800 208 mm howHier 
aftOT 204 shots 284 mm howltser after 204 204 mm bow 
Hisr, after 162 806 mm gun, after 140 , 848 mm after 102 
40e mm » after 88 

**8nian artiUexy," contlnuea Bravetta* "can fire from 4000 
to 7,000 khots, guns whose tirttlal vklodty is small auch as 
mortars and howltaera, last much longer than cannon of 
the same callbrh os they are lobjeet to lower presaores and 
tempesmtores Again, three shots wHh reduced charge equal 
one shot with full duuve, as regards wooIoq ” 

Broskm maaihosta Itsdf In the hardening gnd cracking of 
tile rilled sorfaCA The aeeompanylag photogMphak from the 


Bureaus of Ordnance of the V 8 Ann> and Navy show 
beautifully the appearamc of thla surface after a number of 
sboCa have been fired The hardened layer la so thin that 11 
has not been found possible to remove it for chemical analysis 
The depth of thla layer varies from 00004 inch doae to the 
mussle to 00016 Inch at the bcgtimlng of the rlfllngf thla In 
an American 12 InCb gun that had been fired 289 rounds The 
cracks as la evidenced from the photographs extend through 
the hardened surface layer and relatively far beyond it 

In the report of Ocn William CrurJei as Chief of the 
Bureau of Ordnanoe USA for 1018 Is a study of the gun 
Just mentlonod Iruni this five rlnM weie cut one at the 
niuarle the others 120 Inches, 240 inches, 820 76 Indies and 
387 7^ Inches respectively, from the rauzale h rom each of 
these Tings * seitlons the width of t ach ring and of a length 
corresponding to about four gro<»\e8 and five lands were cut 
These aectlona are shown fn (h« accompanying photographa 
marked A B O D and 1 Iht surfaic erosion was greatest 
In Section E (that neunst to the brcuh) and diminished pro 
greseUcly towaid the mu/rle end In bectlon B there has 
been a very considerable flow of metal and tho cracks do 
not appear to be ao nuraeroua as in Section D In Section D 
there are not only extensive transverse cracks, but also very 
extenhlve longitudinal cracks the latter being particularly 
noticeable at the bases of the lands In Section O there la 
no prononneed direction to the cmckv but the lands and 
the central portions of tho grooves show a cradded appear 
aiice In Section B the cracks are not so evident There Is 
some nmnding of the lands and the driving edge shows aoroe 
cracks In Section A the lands and the grooves are clean cut 
with tiadcB only on the firing edge of the lands’ 

Ihc dlmenalons of these crackb vary Irregularly the great 
c<ft depth being In Section D where glx were measured as 
follows 0030 0051 0010 00)3 0042 and 0029 

At thilr mouths the ciacks varied In width from 0010 to 
0 001 and halfway back from 0 001' to 0007* The cracks 
la Section G are only a trifle U deep than In Section D but 
not nearly so wide They git prognssLvily smaller as the 
inuiL&lc Is approached 

There are three theories on any of which It la possible 
to account for this hardening and cracking of the rifled 
sarface 

In a gineml way wilteb Admiral Bravetta, one may 
say that It is produced by the action of gases at high pressure 
and tlevatid temperature upon the steel Although this phe- 
nomenon lasts a very brief time yet the cannon In firing 
absorbs a certain quantity of heat limited to a very thin 
layer of steel on the surface of the bore The local heating 
causes this layer to expand but as It Is sarrouaded by the 
thick and relatively cold walls of the Inner tube such ex 
pansJon cannot take place naturally the limit of dasticity 
la overpassed and permanent distortion follows 

When tho pressure ceases and the temperature Is lowered 
the layer In question contracts and aa It has been crushed 
Its contraction produces a quantity of little surface cracks 
like those which create the value of certain precious Ofalnese 
porcelains called crackled’ This process continues wHfti 
every shot and each time the cracks become wider As they 
Increase they become so many tiny canals through which the 
hot gases penetrate and in their turn enlarge them Oontlnu 
Ing thus the Inner surface becomes rough and covered with 
tiny holes while the lands begin to flatten out, to be 'eaten * 

’ Home persons compare the action of the gas upon the steel 
to that of the frosting of gloss with sand, but It Is not a 
case of mm(y mechanical action, for guns are eroded most 
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rnplcll) bv thf* powder* thnt dtwelop the greatest heat In 
burning tlHwt with a bust, uf nltro-gl^eiiliu ihese In tmth, 
bring about the fusion of a thin luyer on the surface of the 
bore, and ihtrefort. it is more uet-umte to compare oa some 
do the artlon of the gas4*i on tli< HU«el to that of a Jet of 
ottam or hot air upon a pieo« of ke 

IhB Lngllsh metal1ui(.lMt UoLh rt Austin who made e\ 
perlmenU on a IJnii raiiiion which lu cut off at 4 meters 
fiom the mouth that Is to miv ihua to the bretefa the cannon 
being 400 meters long nachtd 1h« following condualODS 
(a) As regards the niatu» of thi imtul the action of the 
4Xploal\e was punlv mid nlinply nuHhaiilial the partldea of 
motal wi n pn>foundh < riHleil, hut iic» rorniatlon of martensite 
had tukeii plait whlili iiuans that tlie nature of the metal bad 
leraalntd unchangid 

Martensite Is a sort of ullotroplc condition of the metal. 
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whhh niaiilfeiits liself more or len when this undergoes 
tempirlng and which destroys itself— meaning that the metal 
becomes ordlnar> steel again— following a sufflcUntly long 
reheating and u i< fusion which as Is well known destnns 
the temper and brln^a the metal back to the state of soft 
steel A piece of tempered steel contains diffused through Its 
mass a certain qtiantlty of martensite on reheating It a little 
to soften it sllghtU a part of this Is destroyed a longer re 
heating Increases Hits destruction which l>ecomct complete 
when the action of the heat Is piolonged sufflclentl} to make 
the temper entirely disappear 

(b) On the parts of the rifling that are In contact with 
the hands of the projectile during Its passage through the 
tube Austen noted on the contrary the presence of a layer 
of the tblcknen of 0127 millimeters In which an alteratton 
manlfistlv exists hut as to whether this was lamination 
puncturing partial fusion corrosion, etc ha was not able 
to pronounce decisively 

It Is well to note that Austen found these effects after 
only flve shots of which a 120 mm cannon can fire 000 or TOO 
so by the time it has become unserviceable the aforesaid 


layer must have readied the thldEness of a centimeter or 
more 

General Crosier, In the report already quoted, dleeJsses 
the three theories of erosion, and arrives at a condnslon 
that dlffem slightly from Bravettss, though he does not 
definitely dlacard any one of the thooriea. Ha writes 

Ihe surface may be hardened in a manner almflar to the 
hardening of tool ateel i e, It may be heated by the com- 
bustion of the powder to a temperature abo\e the crfMoal 
temperature say above 720 deg G, and the great mass of 
metal back of this thin layer would suffice to extract the heat 
so as to cool the steri so rapidly through the critical range 
that Aordnett of the layer which bad reached a tempevmture 
above the critical range would reanlt 

The ateri so hardened wonld be brittle and without any 
plasticity and the friction of the rushing projectile might 
easily produce a series of incipient cracks which would in 
time develop In slse and extent 

This theory soims to be that adopted by Bravettu While 
not rejecting it totally, Crosier is not Inclined to accept it 
for he writes the evidence in favor of title view Is not con 
(Lusive and Is rather against It than for It Ihere can be 
no doubt of the high temperature produced by the 00 m 
bustlon of the powder he continues but the velocity of the 
(xphislvL wave Is so great tiiat there would be only a brief 
Internal through which the heat might be communicated to 
the imtal lo raise the metal to the required temperature 
would rtH]ulm a num1>er of rounds of firing and the body 
ol the tiilie Iking considerably heated the process would 
really a hardening followed by a temperlnk process giving 
a fairly soft metal Hie surface is however glass hard 
wherever it la found Definite evidence In regard to the 
tempi raturt of the metal in various parts of the tube is lack 
Ing and until further evidence Is obtained no satisfactory con 
(.luslon can ht, drawn 

ihe second method by which hardness may be produced Is 
by a process ximllar to wire-drawing and commonly referred 
to as cold work In wiredrawing it becomes necessary 

freqmntlv to anneal the metal In order to restore the plas 
tkltv and thus prevent It from cracking 01 breaking 

According to Beilby a surface skin inav )»e built np by 
mechanical movement which givex unmistakable evidence that 
the surface inuM have passed throuitii a state in which it 
must have poH^essed the perfect mobility of a liquid This 
surface possesses distinctive properties which differentiate 
It from the siilmtame beneath it Hanlenlng thus results from 
the formation at all the Internal surfaces of slip or shear of 
mobile layers similar to those prodneed on the surface by 
mechanical movement These Isyera only retain their mo- 
bility for a brief period and then solidify in a vitreous 
amorphous state cementing together all of the snrfacea of slip 
or sheer throughout the mass 

Such a surface produced hy polishing burnishing drawing, 
liammerlng or cold work of any kind possesses the property 
of tiardness end brittleness This layer may be restored again 
to Its natural state by annealing which destroys the vltreons 
chAracter of the layer and converts the metal again into Its 
original crystalline ductile state 

* By the application of this idea to the rifling of a gon we 
have a slmide explanation of tile hardening and cracking of 
the surface By the passage of the rotating hand of the 
projectile over the rifled surface the surface of the steri Is 
caused to flow In a mobile layer and when solldlfloatlon takes 
place It Is In the vitreous or hard form After the hard layer 
has passed a certain critical depth the mbblllty Is not kmger 
transmitted throng It when force Is applied by the moving 
projectile and the only alternative Is for cracks to result 
from this force 

The evidence seems almost conclusive that the hard layer 
and the cracks are produced by this process rAthsr than 
the heat altmek The mlcroseople eridance also favors this 
view The hardsned layw, etched with tlcohbUo nitric add, 
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A IS INCH GUN Airraa tiaino 239 HoimnB n AKf< v at 
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MIllU lOU LiMhiS Tl) Htllim iUL blUuiLiUlU 01 
THB BXfBZBL 

From Ul 6 BartAO of Ordnance U 8 Arm/ 

le rMHn t(» be tllstlncrh >ltiiou8 and not martinaltU aa would 
be the caee ivere thi la^er pitxliKed by hcatliiK and quenching 
Thle theoM nl«»o cucounU for the fact that in Section B, 
where theie 1^ undoubtedly the greatest amount of heat there 
are the smallest number of cracks At the higher tempera 
ture there is greater plasticity of the metal and conseauently 
there la greater opportunity for the crai ks to fill up by flow 
of metal Ihe friction In this portion of the gun would necei 
aarily be pnxluoed l» the great ruMi of gasea 

The third method b> whlih hardness may be produced is 
by Increasing the amount of carbon on the «iurface of the 
metal Plhs might well be caused by a cementation process 
from the gases produced In the combustion of th( powder 
Phis would necessitate a ^ery bUh percentage of carbon 
Inasmuch as 1h< hard layer Is so thin and so dlfllinlt to do 
anything with no direct evidence has been obtained This 
method would best account for the fact that the hard layer is 
thlckeet in the firing chamber 

Cen Crosier goes on to describe in derail a stries of micro 
scopic tests of \arloua stiels that hud l>ecn subjected to 
erosion tests to discuss the changes shown In their structure 
and to point out tbeli Inarlng upon the problem of erosion of 
big guns He sums up the evidence in these words 
* It Is believed b 3 some that heat cracks are formed because 
of the formation of a hard surface layer due to heating of a 
akin of the rifled surface to a temperature above the critical 
temperature followed by the sudden cooling of the layer by 
the large body of metal back of It If this were true then 
such a gun In which heat cracks ha\o developed shoold show 
the martensite structure In the examination of a considerable 
number of sudi steels no evidence of martensite has ever 
been found In fact, troostite Is never found Therefore it is 
concluded that the development of heat cracks Is due to th< 
preasure of a hard surface produced by cementation of the 
metal by the products of combustion of the powder and by 
work put upon the surface by the moving projectile 
It is lutemtiiig to calculate how long the active life of a 
cannon endufos^ that Is, bow long It Is actually at work A 
British 805 naval gnn*s Ilfo wcoordlng to a oalculatlon by BIr 
Robert Hadfield, la only three oeoondsl Tlk|| figure Is ob 
ta tbe^ of eourie, by multlpjlylttg the average number of shots 


It can fire by tiie time a shot takes to pass tbrou^ the tube 
A 76 mm gun, according to Bravetta, lives 25 seconds a 
howltser about a minute^ an average mortar five minutes 
Therefore the mortars are the Methuselahs of artillery 
**The record for brevity of life he writes probably be- 
longs to the 881 mm gun with which the Germans in 1916 
fired thirty shots on Dunkerque from a distance of 88000 
meters, and to the cannonlsslmo that bombarded Paris from 
a distance of 120 kilometers The projectile of the 881 mm 
gun weighed 700 kHograms and bad an Initial velocity of 040 
meters a second, but to hurl It the Germans had to use a 
charge of 816 kilograms of powder which tried the metal to 
the limit of Its resistance Phis Is why the cannon had such 
a brief life 



ri\L SBCTIGNO FROM A 12 IN GUN AFTWR FIRINQ 
280 ROUNDS 

A at B 10 calibres from the muule C 20 callbFee from 

the maule D foreleg cone B bcgtnnlng of rifling (From the 
Dareau of Ordnance U 8 Army ) 

When the international artllleri»<t«« come to the point of 
comparing their war time notes with the recent experiments of 
the metsllurglBts and analysing the eruderl tubes of the steel 
veterans of the great coufllct they may possibly find an alloy 
of chromium manganese tungsten coppei or some hitherto 
untried meiaj that will be proof against the action of the high 
explosives now In use and thus lengthen the life of the big 
guns that cost such enormous sumb and an so soon dead 


CANS OP ALUMINUM INSTEAD OP TIN 
The EieKtn>iAdU9irie (Zurich) announces the discovery by 
K Blnggril of Bern of a new aluminum solder whi<ft will 
make It possible to make cans for foodstuffs out of aluminum 
in idace of tkl Rods joined with the solder have been 
tested by lira Swiss National Testing Bureau and kbow a 
itrength at the jblnts of 1,600 kg per sq cm The electrical 
reslstairae at the joints U very low 



How Men Walk with Artificial Legs* 

The Difference Between the Natural Gait and That of the Cripple 

By Prof Dr B du Bois Reymond 


H lTUlbltiO JudKru«-nt has been passed upon artificial 
legs partly by the geoeral Impression they produce with 
nspeet to ll^htruHis of weight and security of action 
and paitly by the testimony of crlpplea Uowever observation 
with the nakLd e>e is extrcinrly 111 adapted for the oompre- 
hensiun of the forma of 8U(h a movement as waltdng lior 
example , we need only nnall Ihe k<-ULral surprise when tlie 
true positions of running hordes were first shown by means 
of instantaneous photography Ureat numbers of observers 
had endeavored to indicate the movements made by a gallop- 
Ing horse but nolHMlv suerfeded In doing this until the proper 
iDcans Unrefor was dlscuvireU in the art of photogra^diy In 
the same way tin giUt of a human being has been Incorrectly 
conceived and mJsrcpieaented by nil observers who foiled 
to make use of ln<<tatitaneoaB photography 
For this reason the true nature of the act of walking with 
artificial logs can likewise be comprehtndt d and measured onlv 
by the same means 

Modem photography affords an entire series of different 
experiments along this line By far the most perfect of these 
is the photo grammctrlc process for the study of the human 
gait made use of by the late Prof Otto l^lscber of I elpslg in 
his famous Investigation In regard to this matter However 
this procuM la entirely too troublesome to be employed In ob 
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servatlons upon walking with artificial legs alnce In this 
Instance a very large number of different coses must be com 
pored wltAi each other Furthermore the high degree of prt 
cialon obtalnd by Flacfaer la quite unnocosbary for our present 
purpose 

1 have obtained the following data con^uently by almpU 
tying the Fischer process 

To begin with straight Gelsaler tubes ore attached length 
wise to the legs of a man , through these tubes the Induction 
current pnMluces a flow of pulsating U^t while the man 
moves In front of a camera In a darkened room Upon the 
photographic plate only the tubes appear In ouch posltlona as 
they occupy during the Sow of Light In this way we obtain as 
it were, a aerlei of motion pictures of a akdetoo upon one and 
the tame plate (Fig 1) While it la true that sudi pictures 
do not permit very dose measurements of the action, yet on 
the other hand they yield very dear and In many reapecta, 
entirely truatwortby vlewa of the proossoea of motion, from 
whl^ many data can be obtained whldi It would be Imposal 
ble to get by mere observation with the naked eye 

*TrairilatsA ftr the Sciannnc Anauosir 1Ioiitb[lt fr«i& ^ 
MfwhrCfr M FsrsfMt Ztaieaoaer liifnMsset CBerlla) Aag 4 IMT 


In the testing of artifldal lega this process Is of especial 
advantage since It permits us by making use of two cameras 
to show the movement of both lega at the same time (Fig 2) • 
we can then be certain that under the same conditions, i s 
with the same stride, the artificial leg and the sound leg 
have made the actual movement ahown upon the idatea 
Through the kindness of the Bmll Busch firm In Batlienow 



no 2 TWO CAMBAAB U R BKT 5 M FROM TUB PATH 
AB yOTjIOWBD BY THF PATIBhT 

two similar Irasea of exceptionally high poww were placed 
at my disposal for the purpose of taking double photographs 
of the walk of a man having an artificial leg These oarperi 
mints were conducted In the Physiological Institute of the 
University of Berlin In order to be able to examine at the 
same time the large numbers of patients who had undergone 
amputation In the Iteserve Hospital at O, I also applied to 
the firm of I ZUss In Jena which likewise kindly lent me n 
]iHir of very beautiful lenses 

In order to understand the movement pictures of the walk 
with an artificial lig It was necessary in the first place to 
obtain a picture of the normal walk for purposes of comparl 
%ou It might be supposed that the ii Ischer view of the normal 
walk as shown In l^ig 8 would suffice for this purpose How 
ever. It Is not precisely adapted to our present object since 
It represents a vlei>rous wnlklng stride (length of stride 
about 08 m or 2 0/30 feet, and rapidity 167 m/sk) whereas 
the wearer of an artlflclSl leg takes much shorter and slower 
steps To begin with therefore, we must determine the form 
of the normal motions during a slow walk (Figs 4 to 6), In 
order to compare with these the movemeots of the cripple 
providi d with an artificial leg Kothlng farther need be said 
here concerning this except to mention one basic observation, 
namely that the upward and downward rhanges of place made 
by the center of gravity of the entire body are much gmalleF 
In extent during a slow walk than during a rapid walk 



FIO 8 NOttMAJb riex WAldC AOCXlBDllfQ TO PlfiCHBB 

Thus far my oboervatiema have been confined almost m 
duslvely to the movements of the nppw and lower leg boneg, 
friHD which, however. It is poealble to omii^dieod the vaxla 
tlona of place in a vertioal plane of the bottockSi If we now 
compare the vlewa ci the walk of a man with «n artifidal leg 
wHh tboae of a nonaal walk egoally riow, we peroMvl tiiat 
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In all <maem wlthoot exception tbe noond leg of the wearer of 
an artificial leg alio^derUtea In tta gait from tbe normal 
numment of walking (left half of Fig 7 and Fig 11) 

It mnat be remembered also that a oomparlson between tbe 
moremeota of tbe artificial leg and thoae of tbe sound leg is 
by no means tbe same aa the comparison between tbe gait of 
the artifidal leg wearer and the gait of a normal man Aa a 
matter *of fact It must be differentiated in three respects 
1 The normal moTement of walking in n^hich both legs of a 
Donoal man move In the same manner ^ 2 tbe movement of 
the artificial leg, S, the movement of the sound leg during 
the walk of a ciiK>le wearing an artificial leg In order there- 
fore to comprehend and pass Judgment upon the gait of art! 
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fldal legs It la necessary to compare views representlDg thi 
^und side and the crippled side of the wearer with views of 
the normal gait instead of merely comparing the sound side 
with the crippled side of the same subject 
I tampariAw qJ fke Fiews of Ike Onpple Bide {PwnUhrd 
WUh M Arti/Mal Leg) WUh the Kormal 
MiovemmUe of Walking 

1 During the movement of ewlnglng forward the artificial 
lower leg hangs hack much leu than the normal leg In a 
Blow normal walk the knee Is accnrtomed to bend from 140 
to 180 while the movement of the artificial leg Is 20* to 80* 
leu Artlflclal legs of different oonstnictlon vary perceptibly 
In this respect, as can be seen in Figs 8, 11, etc 

2 While tbe artlflclal leg Is resting upon the ground and 
supporting the body It remains fully extended as shown In 
Fig 8, etc The knee of a normal leg on the contrary re 
mains slightly bent daring the act of sapp<»t, as shown In 
Fig 4 

Theu two oharacteristica are always present In the action 
of artlflcUl legs They ran he readily traced to a mechanical 
cauM In tbe walk df a lUHinal peraoo (see 1^ 4), when 
the polptg>f the foot haa been lifted from the floor, the lower 


leg is drawn up for a moment and then swings freely, while 
the upper leg Is drawn up for a moment and then swings 
4^1e the upper leg Is brought forward T1uou|^ tbe move- 
ment of the upper leg the upper end of the lower leg 
is carrlod forward with Urn former while the lower 
end at first lags behind which increases the flexion of the 
knee When the upper h g comes forward again the lower leg 
follows It with Increasing rapidity so that the flexion of the 
knee Is decreased once more Shortly before the foot la eet 
down the forward movement of the upinr leg either ceases or 
Is retarded and sinct the under leg suings further freely the 
leg at once assumes the extended posttioo 
In the case of an artificial leg It Is obvious that the lower 
leg Is not drawn up at the beginning of tbe swing hence the 
flexion of the knee Is produced exclUBKel> by the lagging 
b^ind of the lower leg and Is therefore weaker and slower 
It must be remembered furthermore that the common center 
of gravity for the lower leg and the foot In a natural leg Is 
found at about the middle of the lower leg whereas it Is 
generally lower down In an artificial leg fitted with a boot 
The cause of the second diffcrcnct bitwc< n the motion of the 




nrtlficlal lei, and that of the noiinat leg namtly that tbe 
knee remniiis extended while the leg la supporting the body 
couj»lsts meieh m tlu fact that tlie aitlflcml leg lacks the 
niuMular tenMoii luctssnrv to cnnhlc It to act as a bupport 
while In a slightly flixed iKisitlon 

3 A thlid (lifference between the normal gait and that of 
the ortlficlal Ug N that the hip upem the side of the latter 
is lifted conuiderabh higher during the swing of the aril 
flclnl leg than Is the case In normal walking as can be seen 
in yi{,M 8 to 11 (tc 

Since at the beginning of the swing the artificial leg la In 
capnbh of being moved either at the knee or the ankle, like a 
natural leg, fhrough musuclar activity and hence swings 
with a sllghtci flexion there Is a tendency shown by the point 
of the foot to drag This tendency con be avoided by lifting 
the hip higher But the hip must also be lifted when the body 
is turned towards the other aide as happens In normal walking 
Furthermore the wearer of an artificial leg lacks the ability 
to *^aah ofT prc^rly from the ground as is done at any 
rate In many kinds of walking, by a person with a normal let 
It Is probable that the cripple compensates for thU defect by 
a fling of the bnttodu In order to determine whether this 
supposition Is correct I made views of the forward and bade 
ward movement of the buttocks of men eanlpped with arCIfldal 
legs these vlswa showed first that In this point also the 
natural gait differs from that of the artificial leg since In 
the latter case the Inclination of tbe buttocks Is conslderablv 
more marked However these variations still remain to be 
studied In more defesU 
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In aii> <ai»e It In evident that varloui condItlODt operate to 
IC( thf r In the matter of tht Inrreaaed lifting of the hip 
In m^rae cam^ <b[H.clally in beKlntieni the hip and with It 
thi whole l>ndy la qaiti olivloualy lifted powerfulls upward! 
and lot lined towurda thi aide of thi ini|>portlnfa foot In order 
to fling the artlflilal leg forward with the required Impetui 
Thi a vti> unakllful nioviuitnt la abandoned aa the imtfent 
be<.t»mia ln<reiiHltiblv acaiatoineil to the artlflflal leg hiH in 
moat iUMea the uiarkid lifting of the hip continues pi riimnentl^ 
(aef 7 and 8) 

Uhl (Uivi 0(bciUM>d h> the lilp prewiita n dlfferunt outUni 
In patUnta of dlffinnl degnes of aklll In the use of the 
nrtlflilnl nionilHr In aotne caaea the apex la quickly reaihid 
taee fig 91 and tin Urgeat part of thi. cur\e beglna at the 
Luniavlty t\hlU in otiur CBHea th< apex of the curved lint 
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liea quite near Hie eud (aee 11) ao that there la a 
■teep decline at the end Freaumabli the aame object la hen 
attained in two different wa>a Furthermore there arc aome 
caaea in which the curved line or wave liaca and fhlla quite 
regularly (see Fig 8 etc ) 

In connection with the cxcea^lve lifting of the hip eapt 
dally in those cases In which the apex of the curve occurs 
near the end of the awing there la frequently found a fourth 
deviation from the normal in the motV>n of the artifldal leg 
conalitlng In the fact that before the setting down of the foot 
the leg la swung tno far forward and then drawn back again 
la the normal gait forward movementa In ^ce are made ex 
dualvely It is true that there la a r^tlve backward move 
ment but this backward movement la never absolute Bach 
such movement Indloatea Ukewlae nnneopamry double work 
The unskUled wearer of an artifldal kg, on the other hand, 
not infrequently makes backward movementa either with the 
artlffrial leg or with the aound leg These moTedwnta are 
generally quite plainly indicated in the accompanying Ulus 
tralUns by the drcumtaance of two adjacent Unea crossing 


each other (Flga 7 16, etc ) Sneh a croaaing of the lines 
takes place when the uppmr leg before Jtfae end of the Swing 
of the leg la brought ba(± with more force than In the normal 
gait, in order to fling the lower lag forward Oroaatnga of the 
Unea appear In the views of the lower leg when before tin 
setting down of the fbot the leg la thrown too tar forward and 
must be drawn backward and down in older to tondl the 
ground * 

11 ComparUon of tko Movement of the Bomnd SUe of e 
CHppfo With the Oait of a NormoM Man, 

Ihe only deviation from the normal which la vlalUe In all 
the vlewa of the movement of the aound side of a crlpide 
wearing an aiHfldal leg conalsts In the Increased lifting of 
the hip during the awing Practically the aame thing can be 
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said of this as In the case of the lifting of the hip on the 

side furnished with the aitiflclal leg (Fig 12) 

Besides this we also observe in some caaea the crossed lines 

upon the aound aide, which Indicate a backward movement 

of the leg in apace (i«lg 21) Iho upptr leg eapedallv U 

freqaently moved forward too much at the end of the awing 

and must conaequratly be drlwo back again Bapedal atten 

non may be called to the fact that a practised wearer of an 

artifldal leg tried three different mrUflclal legs of varlons 

manufacture In aucceaalon and In each caae made tbs same 

mistake with the aound leg (F'lgs 18 to 20) 

This observation la of peculiar Importance alDoe it proves 

that such a ml^ke upon the part of the wearer of an artificial 

leg may have a idiysloU^cal cause Instead of a merely me 

dianlcal one We can dbvlously explain In thla way the fact 

that the paHeot In his efforts to oontrd the artifldal leg with 

which be is nnfainlUar makes movementa of>exceaatTe axtent 

with hit stump Becanae of the mutual rdatloo which the 

oMvs centers fovembig the motion of the lags bear to eadi 

other thla eflbrt InvoluntarUy ocoaslqiis fxceaalve action of 

s 
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tbe iouod l6f 1M« u« that a patient who ia learning 

to make nae of an artiflcUl limb mnat not onl^ learn to make 
thcr correct moflon wHb the atamp, but tbat the aonnd leg 
mnat be trained alao \o prevent It from making all aorta ot 
unaoltable moretnenta through Ita nerrona rodrdlnatlon with 
the atomach (Fig 21) 

While at first glance the devladooa fh>m the normal da- 
bbed above maj not aeem verj eaaentinl, careful conildera 
tion ahiwa that ther exert eulte an hnportant influence upon 
the degree of effort required by the act of walking According 
to Fiacher In a normal fkat walk the hip la ralaed and lowered 
about 4 cm at each atrlde and the center of gra\ ity of the whole 
rlaea and fklla a like dlatance According to Katienateln ond 
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PIQB 17 AND 18 X«Crra TBAT THS BOOND UDQ UAKBB A 
BACKWUBD llOVHaraNT 

/unta the total work done In walking by a man w^ghing 
065 kg (about 122 pounda) la 8104 mkg Oounting eighty 
atepa to the minute the lifting of the center of gravity alone 
would equal 80 x 004 x 665 = 1776 ankg.* 4 e aomethlng 
more than half of the total amount ot work done. When* 
thereforoi the lifting of the hip and with It the lifting of the 
center of gravity la Increaaed to doable the normal which 
not aBdom occura In the wearing of an artificial leg the work 
done by auch lifting amoonta to 8062 mkg per minute thpa 
we aee that audh lifting raovemanta alone require a greater 
expenditare of energy than the entire acdou, In a normal 
walk AceordlBgly» when all other oondltloas remain the aame 


the increaae of the lifting movement indreases the work done 
Id normal walking by 164 vH Them facta show the ueoeaaltj 
of making use in the eAumlnatlon of artificial legs, of a 
process that will reveal even very alight dlfferencea in the 
movemeata 

aUHlCABT 

In the testing of artlfirisl legs It Is not only useful but 
almost Indlapenaable to record and study the movenietita of 
walking by meana of Instantoneoua photograidiy By fnr *'he 
moat exact process devised for thla purpose Is that of Otto 
Fiacher Since however this process ii much too troublesome 
to be applied in the cumparLson of a very large number of 
cases, ae must content onraelvea with the somewhat leaser 
degree of precision which is obtained by combining Hie older 
process of Marey with that of Fisdier as follows The longl 
tudlnal axis of the members la made recognisable by attarii 
Ing to the members a Gelsaler tube through which a aucceuion 
of Induction flashes Is sent at brief and equal Intervals of 
time The movements are made In a darkened room with a 
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continuous} acting camera ao that the tubes make an imprea 
slon upon the plate, so to speak as of the movements of a 
skeleton In the same series of positions which they had at 
each passing >f the flash The resulting views show plainly 
that the movement of the artificial leg always differs from 
that of a uornial leg In certain particulars and also tbat the 
movement of thp sound leg of a criK>le likewise differs from 
the normal gait 

Tbat these deviations though slight are not unimportant, 
Is shown by a simple arithmetical calculation proving that 
merely throujto the increased rise and fall of the body at each 
step taken the amount of vrotk done in walking with an 
artllkdal leg is Increaaed by more than fifty vH as compared 
to the normal 

TTda calculation ahowa the necessity of examining the 
actloa of artificial lega by meana of a proceaa which will 
■bow the slighter dlffeimices as well aa the greater ones In 
the form of the movement 



A Prime Cause of Inefficiency in Industrial Organizations* 

Detennimng the Best Way to Do Work 
By Frank B Gilbreth, Mem A S M E and L M Gilbreth, Fh D 


A LI fradeB and particularly those c<»iDected with this 
Association arc uimecessazily inefllrlent to-<lsy Ton 
‘ know it vfce know It What are the oauses? 

There are (leniand*i for chantccs In wages» for better hours 
and for Increased production Are these demands Just or on 
just? In an) case tlio dt mands must be ansrwcred In some way 
The answer lies In the Increase of skill In our paper pre 
seated to this Asso(*lHttoQ last year we showed you how skill 
could be discovered measured standardlred and trauaferred 
and we brought hh lllustratlonii many fllma that showed la 
gnat detail Uic various stages of the process 
The pioblc^m facing us as a nation, and yon as a group of 
metal working men last >ear was largely a problem of maxi 
mum pruduLtlnn Some phase a of the labor problem were 
not so pressing at that time because of patriotism Inspired by 
war necessities Today the labor problem standa In the fore- 
l^roiiiid of attintluii Wc are making you the same answer to 
4lH\ — Imrease of skill and that alone can answer the present 
demands upon you 

It can scarcely be necessary to demonstrate to you that lack 
of akin Ib the prime cbuih for ljicflk.leucy In your particular 
work as It la In all kinds of work — In this country and In fac t 
all countries You may not however as yet rcalire that lack 
of pi oper teaching Is the underlylnf, cauue of this lack of skill 
FHHclcnc) In teaclilni, consists primarily of three things 
flftti tfrmininff thr bmi tray to do work second conveying la 
UiiHt iUm tnfmmaiion of how to do Wihk In the one bc$t way 
third prekmting information to that ii can be langott remtm 

bcTfd 

The gnateat obstacle to overcome In Increoalng skill of a 
group of workers Is that they have been taught the average 
methods by the average teacher We are all ready to admit 
this We are not all however as ready to admit that the aver 
age teacher baa had no opportunity to learn the best method 
and la not equipped with modern devices for conveying Infor 
maHon The fhult Uei ultimately then with the Industry it 
wlf In not having determined captured and recorded the one 
beat way or at least the one best way extant and put It at 
the disposal of the teachers 

The first step In thin process muHt consist of recording the 
best present practice This Is however not so simple a process 
as It might seem to bo Tht records must include many things 
Our researches have omphaalzed several lawn and an Idea of 
these Is issentlal If the existing Information on this subject is 
to be secured and this matt be aecured before the one beat way 
can be deduced 

For example It Is a law In motion study efladency that no two 
workers are found to use predsely the same motlona evmi In 
the same kind of work This neceaaltates observing and re- 
cording the activities of tamrat and oftentlmea of many 
workers performing the Identical operation if you are <fb 
servant you have noted thla In your own wwk 
It Is a law of Motion Study efflclency that every demonstra 
tor haa been fonnd to have at least three sets of motloDa and 
that he doet not and can not use the samb mottona when he ia 
worUng with the automatidty of skUl at the uaual apeed that 
he uses when he demonstrates hla methoda at the slower 
“demonatratloa apeed This neceaalUtea making recorda of 
usual and denonatratlon methods, and also at reduced and in 
ereaasd apeeda in order to note and record the varlatlona. 

It la a law of Motion Study Mfieteiicy that the sylithesU of 
the best porttona of the methoda oTtwo or store of the best 
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workers will be found to present a method that la more efflolent 
than the best method of any one worker la the tUni Shown 
here you wQl note that the methoda of the workers vary ex 
ceedingly and that some of the bo called 'best workers" use 
eome very Inefficient methods such as not using the left hand 
prc^rly 

It la a law of Motion Study efficiency that the worker with 
the best record of outputs Is not always fbund to be tiie best 
for demonstrating personally the one best way to the learner 
Ills large outputs may be the result of his superior atrennoslty 
and in spite of a poor method Furthermore knowledge of 
pedagogy doea not neceaoaiUj accompany knowledge of ones 
job It is necessary therefore to demonatrate the various 
methods to the best available teacher and to record his meth 
od of demonstrating tho activities of a leanicr 

The best way Is then determined by making records of the 
usual and demonstration methods of the best workers avail 
able by anulyalng them and combining the beat elements of 
the methods Into the one best method and by having this dem 
onstrated by the best available teacher 

Having then secured this record the actual teaching process 
ronaiats of using the reaultlng film as a teacher supplemented 
h\ the usual available teaching methods oral wrltt^ or 
whati ver they may be This record of the one best way having 
once been obtained Is available forever It teachea all new emu 
ers the best that has been It will present the Information in 
the best way that the best teacher has ever presented It This 
In no way resembles the so called commercial moving plctmes 
that yon have so often seen This Infoimatlou available for 
ever Is also intiantty available It can easily be brought to 
the foremen a meeting It can be duplicated easily and cheaply 
and put at the disposal of manual training scUooIb and cor 
porabon schoole 

Compare this with the way vou are now teaching trades 
In 1010 we said In Motion Study “The present apprentice 
ship system Is pitiful and criminal from the apprentices 
standpoint rfdlculouB from a modem system standpoint and 
there Is no word that describes its wastefulness frmn an eco 
nomlc surndpolnt The ^roat Amar has said the same obtains 
to-day In his country \onr present mtlhods of teaching mnst 
be overhauled and research laboratories inangn rated 

Every day that passes serves to emphaalac more strongly 
the coirectuess of these methods which are ba<ied upon teach 
Ing through the eve Written inatmctlons charts drawings 
lantern slides stereographs and moving pictures t hese all 
serve as teaching devices for vlsnallxlng the process Micro 
m^on films have proved themselves xwrticiilaily adapted to 
an efflolent learning process The activities to be studied may 
be repeated, at will as often as may be desired according to 
the needs of the learner An activity maey be analysed Into Its 
component parts and even into the elements of the motion by 
taking a large number of pictures per second and then slowing 
down the process when the fllnr is exhibited at the usual rate 
of speed Again the acttvitles may be analysed by means of 
mediankal and other drawings made sspedally to illustrate 
one point at a time with all extianeooa subjects omitted 
An activity may be aununarlMd, by taking the pictures at mmfii 
Blower ipte of speed than Is ufiual and then exhibiting them at 
the usual q>eed i 

Mffeufiou ’ may be secured and interest hM by amwemtUm 
as to scale and by metne of the "surprlee^ ly foddea diangee 
of scale and aleo by the uee of the "doee-up** Bthpkatit may 
be eecured by means of movliig esrtoons tm libutrate a par- 
tlenUr point Hie Mgueiios of apmtUmn mO be made im 
pruMlva hv nmnliig certain portions and 4 a oertain ckiws aU 
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ctptloBi tamtod 1b tlM pkiCorB, wUeh allowM of indudlns 

wltll 'tflrOctlOiUk** 

of though can ta obtained by anodaOnc oeob 
point or idctare to be mnembned wltb tbe point that ootaea 
ImmedUMy before It and Immedlatriy foUowe It through 
moTlng mechuilcal drawlnga or cartoona 
XiJtawtMf to other actlTltlea can be demonatrated by Indud 
Ing bltf of fllni ihowliig dmllar actlThlea In other llnea of 
work Theae are only a few of the beneflta of the film aa a 
device, pointed oat here that yon may note them aa 
exmplifled In the film iteelf Note eapecially the poealbiUtlea 
for a ff****^*^g the rptUm atepe of an effldent learning pro 
MU becanae upon a proper aaaodatlon depend quick learning 
eaay a«aieaid>ranoa^ and efflelaat actlylty The memory experta 
bau their ayatema upon anch aaaoolatlon They however have 
betn obliged to be content with mental ptcturea, * made by a 
mental proceu," without the actual plcturea having been 
prevloudy recorded through the eye while we have here a 
device which mekea anch recording through the eye poulble 
and almple and the reauUlng remembered Image vividly and 
easily recalled 

It may seem a long cry to an Increased production of corea 
from a motion picture film of core-making— but some day >ou 
muat come to reallae that through the discovery and adoption 
of * the one beat way to do work and through that alone can 
come the increased production the increased wages, and 
the increased health and happiness of workers that are 
essential In the meantime we can do nothing but come before 
you jear after year to present the methods of recording and 
teaching this best way and to advocate such recording and 
teaching as a remedy for the evils which you ackoowledge 
beset yon 

As for the practicability of the method in order to cooperate 
In work for the blinded to make available to a group of men 
and women who desire factory work a new activity and to 
relieve sighted workers of work which might be done by the 
blinded thus leaving the slsdited free for work requiring eyes 
we have during the past year through the cooperation of 
Mr A B Segur and the others of the Red Gross Institute 
of the Blind made records of one of your own actlvltlea» 
namely core making As a result of these records and th< 
deduction of the one best way for making cores Profe<ihor 
Wallace Director of the Red Oroea Institute of the Blind, 
at Evergreen, Md baa Just sent to us an announcement of 
their conraea Including a course In core making We are to-day 
presenting some of these films to you Thity will show you that 
this process applied to one small dlvialon of the work of an 
industry, will standardise the activity Involved, will make 
ponible its division Into parts requiring different capabllltlaa, 
will add a new gnmp of available workers will aupidy a new 
ileinsnt of interest will result In Increased production will 
make possible the pay of higher wages wlU eliminate unuecea 
sarv fatigue, will exemplify efficient motions and will do away 
with a prime cauae of Inefficiency by supplying an adequate 
meana of diecovering atandardlslng and trauaferrlng skill 
The method recommended by this paper has been criticised 
by some who have based their Judgments upon their experi 
enoe limited to the so-called commercial moving pictures 
It has aometlmea been thougfat that the expenae of this meth 
od la so great that it could be afforded only by groups of em 
ptoyera or by an aaaortatlim But this la not tme 
It la not expected that this method is ever to be carried ao 
far as to approadi a dhnlnlahlng return, and when it la re 
alined that the dlOerence between uanal and cuatoin|{y output 
and the ontpaCS ihsnltlng from this method of reaearcb and 
teidilng la unmlly more than three to one and sometimes five 
to one, the Impoitanoe q( recording the one best method of doing 
work and Aa^Atng It can 1w realtaed 
Men of tl^ uwtal Indnatrlea you mint reeodnlia that thfa 
la a tsMaA bomant In tho Industrial davelopnimit of thin 
coontry, that the time for petty dlapatea, for Mfe aecretk 


for * minor waatea,*^ for retrogreaalon or lade of prograaa la 
paat You have diowB your interest In this subject by InvltlBg 
us to preaent to you for the second time Ulna showing this 
pardcolar method of attack You have welooiiied UloatrattoBS 
from your own partkmlar Add, aa aapplementliig those from 
the other fidda in which you Were interested It remains now 
for yon, yoursdves to attack your own Industry , to eliminate 
the Inefficienciee there sxiatlng , and If you wOl. to serve aa a 
model to other Indnatrlea by cooperation both la raa ca rOh in 
Interdisaemlnatloo, and In Installation Such oo-operatlon la 
becoming more general everywhere It Is Indicated In the 
new book by the Blomnfidds on Employment Managmnent It 
la shown in Mr Gantt's new book on Organising for Work " 
where he empfaaslsos the Importance of vUoallsatlon by means 
of charts Any method of co operation is commendable The 
need for thla partlcnlar type of cooperation at thla time la 
that the Muring the war dedres and methods of attaining 
eflkdency for patriotic reaiona are lapsing with the much 
desired days of peace In your industry, you evolved magulfi 
rent results and efficient methods at tbo call of your country 
It la your duty now to see that these do not now lapse and 
Iierhaps dlbappear through the pressure of other problems 
Maintain then your before-and-dnring the war cooperation 
b> eomblnlng to record your best methods and to pot these to 
gether with the one beat way of research at the di^koaal of 
your entire industry It la the greatest offering that you can 
contribute towards meeting the economic needs of to-day 


RELATION BETWEEN WEIGHT AND SEX IN BOGS 

The claim la made In a paper recently read before the French 
Academy of lienees that the weight of eggs bears a definite 
relation to the sex provided the breed be homogeneous and pure 
and the hens laying the eggs of approximately the same age 
and else This theory Is advanced by M TiCinhart whose at 
tention was attracted to the matter by the obervation that In 
all breeds of fowls the cock la always larger and heavltf than 
the imllet of the same age By numerous experiments he found 
that the vartation In weight for the breeds examined was be- 
tween 100 grams and 1 kilogram or more In the adnlt fowl 
Furthermore this difference appears even In young chicks 
\arving from 18 to 27 gr In those five days old The idea 
naturally suggested Itself that the same difference might exist 
in the egg In the spring of 1018 M Lelnhart selected sixty 
eggs chosen because of their alae from a lot of 860 all laid b} 
Leghorn hens llieae 60 eggs varied between ttO gr and 70 gr 
in weight Repeated experiments prevlottsly had shown that 
the average weight of Ijegborn eggs Is 62 gr the minimum 
weight being 64 gr and the maximum weight 70 gr Eggs 
weighing less than 68 gr or more than 60 gr are rare however 
\mouh the eggs chosen 7 weighed slightly less than the aver 
age while the others exceeded It The 00 eggs were hatched 
In an Incubator and yielded 48 doAckn, comprising 87 males 
and 11 fomalea, a# , a proportion of 77 per cent of males This 
result convinced the experimenter that the sex of fowls can be 
determined lu the egg k fact whose knowledge would naturally 
be of greats j|Mlvantage to breeders Mr Lelnhart expects to 
Gonttnne hli e^irlmeiits but warns breeders or sdentlsts who 
would do Ukewlss^that the fowls experimented with must be 
pure bred, that the hens be of the ume age and that the 
eggs be gathered whep^ the la;4ng period la at its maximum 
TMm la important hftwe year old pullets lay eggs which are 
coDstdeml^y aroaUtf and leas In wel^t than the normal aver 
age of the breed Wllle during the course of a year the eggs 
of the same ben even whei fully adult, are oonalderably 
eonaller at the beginning and at the end of the egg laying 
than wban If la at Jts briiabt Hybrids cannot be em 
ployM for the experiment alfite here the MendeUan law comes 
Into plav and the eggs produced vary greatly tn alie corre- 
spondingly -^M Tavla 
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Logging with Belt Tread Tractors* 

The Use of “Caterpillar” Traders 
By C D MeteaU 


D uring tbe war one at the mudi crltldied lumber oor 
poiatloni promoted one hmovatloD In logging metboda 
wblch la dMtlned to taave a far reacblng efle<A on the 
logging Indnatry With the aanctlon of the ProducUtm Board 
tbla company purchaaod two 45 bone-power belt tread trncton 
with the Intention of using the englnee for hauling loga on trail 
en orer newly made roads It was aoon dlacorered that the 
traotora oonld be proStably employed for aUddlng as wai aa for 
hauling logs on wagons The tractors were put Into oommla 
Sion for skidding and were operated with much anccess 
However it remained for T P Jones who Is accredited with 
having introduced many novel ideas In logging enginaerlng to 
setae the real poealblUtles of the bdt tread tractor for skidding 
Working with tbe manufactnren of the tractorst Mr Jones has 
perfected a belt tread tractor and trallm- aystem, under whliA 
loga may be pot In for approximately one-half tbe expense 
of working teame -ea coomonly practiced la Idaho 
In lien of the round wheel trailers the company la now using 
tor skidding the so-called Caterpillar Bummer ’ This con 
slsta of a truck with a single bunk (or sometlmee two bunks) 
mounted on tracks built up much on the style of the tractor 
tracks The bummer construction Is shorter than the trac tor 
the weight of the load 
being snpported bv 
three truck wheels on 
either side 
The bummer and Its 
load are pulled by a 
46 boree-power trie 
tor of the modd made 
famoue during tbe 
war for aitlllwy 
hanlkig pnrpoaea It 
has a very long and 
flextbla trade which 
conform# to and 
glVea traction on un 
even road anrfBim 
There la no ftont 
stewing wheel The 

*ProB ths West Oss*t 
iMmterman 


ateerlag la acoompUahed by means of two clntcbea^ each of 
wblch oootrola Independently Its aide of the belt ttead No 
egnallalng or dlffereotlel gmuing ie need The enlire power 
of tbe tractor motor may he employed on etther track when 
occasion regulrea. Bach trade has Independent hrakea Thus 
tbe operator may apply tbe brake on one truck and by en 
gaging the frktloQ dntdi on the oppoelte aide can turn tbe 
tractor In ita own length The motor la of the four cylinder 
alow speed, heavy duty type with dyball throttling governor 
The traveling speeds to 4 mllee per boar) ore obtained 
by gear ebangea This engine will poll Its load over logging 
roads too eoft and rough to be eantty negotiated with teanw 
or motor truefca Tbe great ground bearing surface of tractor 
and bummer prevent the outflt from mlitng down 
Tbe flrat ontflt puicbaaed was used in selective logging 
operatlone but later ae the utility of the oyatem was proved 
the emnpany Inetalled a second ontflt and la now putting In the 
major part of Its loga with this eunlpment Ute tractor and 
bummer are used regularly for skidding on hauls up to a mile 
Briefly the plan la to cut a road from the railroad through the 
timber for the desired dlatance Tbe trees are fdled across 
rhe road and for a abort distance on either aide The loga are 

trimmed and aeveralof 
them (depending upon 
the BtM) are raloed 
on one end until aup- 
portedi by the bum 
mer, the other ends 
akld on the ground 
Twenty flve hundred 
to 8,000 feet la the 
usual bummer lead 
Tbe two outflta 
have been operated at 
BovUl IdatWk far a 
year having been put 
Into service In the faU 
of 1018 They proved 
highly eflidank in the 
winter fbr aUddlng 
epeanthm as anew 
and Ice roads 
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In Cto dftddinf openUont with tt-fhot wbUn pin* tiro <mt> 
fltf $t9 AToniglnc 40000 feet per dmy on one-half to thre^ 
Quarter tnlla hanle Nine men will arerage 20,000 feet per 



TOACTOB OFBaATINO WITS BLOD TBAII KR£ 
IS ran SNOW 


(lay or 2 220 feet per man per day This la for aklddluk logs 
lu three lengtha within a half mile radlua 
The belt tread ti actor with traUera may be protltabJ> need 
at tome oainpa In lieu of a i allroad The expenae of the equip 
ment la trifling aa compared with the coat of a railroad 
and when the Job la flnlahed the outfit can be quickly mo^ed to 
another haul Wher 
ever a apur of rail 
road la thrown In It 
lioa to stay when you 
leave for you dont 
take up ties and you 
(unnot remove your 
road bed mia en 
Line will build the 
road over uhich it la 
later to travri It la 
the beat road builder 
In existence 
It will pull atumpa 
up to 18 Indiea Id dl 
ameter in direct pull 
without the uae of 
tackle, or it wlU pull 
JO feet of engine 
gradera or train of 
dirt wagons It la a 
complete road building power plant provided with Ita own 
•4tct4 road bed Where the propositkMi la atiictly one of 
hauling over a oonaMeraUe distance, eay from two to five 
inlKw It la eaeential to- load, as heavily aa poaaible and to 
keep the engine constantly on the road Ota these long hauls 
It must be borne In mind that the tractor outfit la reeJly doing 
the work of a steam railroad, and the remits will depend 
larg^y on the condition of the road bed 
The better the road la kept up the bigger the loads and the 
vnaller the expense A good practice is to attach to the reat 
trailer of a Caterpillar ’ logging train a * V" drag which fol 
Iowa the wagons and amootha out the rough ipota lu the road 
An occaaloual trip with this drag wlU keep the road In fine 
condition Where the roads are very dusty a qirlnkler wagon 
may be made a part of the equipment 
On these long hauls where round wheri trailers are used 
the tiref ahonld he yery wide 10 12 or even 16-inch tires are 
none too wide. Some loggers recontfuend the 8 whe^ trucks 
commonly used in Loulsiank If the roads are very soft or 
study the belt tread butniner la better than any of the wheel 
trallenL Tbeos trallera wUl carry tlMr loada wherever a belt 
tread tractor will go The wagons should be of sulBclent 
capadty to bandit 9 OQO feet of green y^ow pine Icga Three 
wagm wltli tJOOO feet eaOh, or 10600 feet makes a ^ood ayer 
age load for a T8 h ors epower tractor 


Ihla large tractor la primarily a “roader It la almost 
twice aa big aa the 40 horsepower tractor previously described, 
but embodies the same features of construction, except that It 
la equipped with a fnmt wheel The front wheel la necessary 
to give the big tractor balance On the 48 horsepower tractor 
the front whe^ is dlapensed with on this account the smaller 
model Is to be preferred aa a ysrder “ 

B F Pierce, manager of a lumber company at ColrlUe 
Waahlngton describes his operations with 76 hor se po w er trao 
tor hauling equipmeiit as follows 

The tractor moyes at the rate ci 2^4 miles per hour under 
load, drawing tbiee 7 wheel trailers which weigh 7800 pounds 
each and are equipped with 10 inch tlrea The usual load of 
logs transported Is 11000 feet On a three mile haul we 
make three round trips dally bringing in an average of 80000 
to 86000 feet per day Estimating about 8 pounds per foot as 
the weight of green western pine logs the combined w^ght of 
the load Including trailers totals 111400 pounds It will be 
remembered that this tractor loada directly In the woods under 
any sort of condition It requires only two men to operate the 
outfit We figure that the tractor displaces ten teams The 
average price now being paid for a team and driver la fOOO 
per dav This is our second season with the tractor and we 
are pleased with its performance The old horse team Is a 
thing of the past with us Using distillate at 17 cents per 
gallon and allowing d^reclntlon snfflclent to make the life of 

the outfit five years 
and operating with 
two men we figure the 
coet of a tractor outfit 
at 730 00 per day 
Thirty dollars would 
not pay the expenee of 
the teanistera to drive 
Che horses the tractor 
replaces * 

The company uses 
nine trallera three 
are kept constantly on 
the road three at one 
end of the haul are 
Nlng loaded while 
three at the other end 
are brtng unloaded 
Up to date and after 
tuo season s use they 
have practically no ex 
pense for repairs and no delays, and they sUte that the 
tractors are as good as new 

For winter work In Fastoin Washington Idaho and Montana 
heavy logging sleds take the place of the trailers Under far 
orable conditions It is possible for a belt tread tractor to haul 
20000 feet or more per trip looded on sleds The tractor tracks 
gain easy footing on snow roads and where nectesary as on 



r^BUmCBS" UfiSiD AS TBAILBB Ilf CONNECTION 
WITH THH mSUr TREAD TRACTOR 
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Ice road« the tn6fci may be flttted with angle ateel grooeera 
bolted to the aboea Thla glrea the eoglne « Ann bite on any 
road bed 

For loading operatlona the tractor may be equipped with a 
4pool or wlndlaas attachment Thia conalata of a caat Iron 
dnim which Ukea the pUce of tlw ataUonaiy pulley attach 
meat on the smaller model or la placed on the rear counter 
abaft of the larger tractor The engine can thna be made to 
do the work of another team and drlrer 

Operatora are plentiful Thooaanda of young men who en 
listed In the Tanka have returned from France where they 
gained much practical experience In the handling oi tractora 
Many of theae men had tractor experienee before they entered 
the service and were selected for the tanks on this account 
Now they can qualify as experienced tractor operatora These 
men have been used to hard knocks and accoatomed to dia 
dpUne Furthermore and moat Important they are not of 
the Bolshevist element The average tractor logging outfit 
la doing the work of ten teama with ten drivers, and many 
plants will welcome the ayatem as a means of rdlef from the 
high cost of horse feed and the 1 W W 

The belt tread tractor iwlth its powerful motor and crawling 
ability can be put olmoat anywhere On the west front the 
engines crawled In and out of shell holes and pulled their 
loads over battle tom roads and made good The tractor can 
do all theae thlnga In the woods 

At every camp there is more or less extremely rough yard 
Ing to be done Here the tractor la called upon to repeat its 
war time performances The writer recently witnessed the 
operation of a tractor known aa a 10-ton artlUery model 
at a camp near Dover Idaho ^nda big tractor la built 
narrower end with much greater clearance than the models 
prevlouBly described It has a steel track made up of one 
piece links and la very long and flexible There are alx track 
wheels on each aide It la diiroo with a 50 b p heavy duty 
motor 

This tractor would dash into the timber climbing over 
stompa or crawling over low spots in the soft earth The steel 
tracks would drape over a log like a rope Then the madiine 
would spin around a standing pine grab a 1 900-foot log and 
snake It back to the road almost oa quickly aa we can tell the 
story The ease with which this engine negotiated rough go 
Ing was remarkable It la easy to understand the respect with 
which LudendortTa men regarded the tanks For the belt 
tread tractor la the tank converted to uses of peace 


THB PUT-FRIOH SEXTANT 
r / B ooBDsno 

BiTHkBTO observational navigation has been impossible at 
night 'With the coming of darkness the horiaon vaniahea and 
with It all poBsiblllty of taking an altitude On land art! 
fldal horisons conatating of anrtace of quicksilver molasses 
etc are aubstltuted but at aea those are Impossible A hoiiioo 
leaa sextant has long been a great deilderatam and attempta 
have been made to obtain the neceaaary lev^ surface from 
which to measure an altitude by attaching a spirit lev^ to an 
ordinary sextant, but the aucceaa ba» been meagre The re 
fleeted Image of the observed object la brought Into line with 
the bubble and the observer tries to estimate when the centre 
of the moving bnbble coincides with the bbject 
Many years ago, I was shown sodi t ^nbble^ sextant by a 
nautical Instrument maker In Ban Frandseo He told me that 
he rarely eold one and that they were of use only In oartaln 
cases where a remit having a wide marglii of nnknown error 
was better ttum having no meagurement at elL 
Sevevml yeen ago the first horlsonlese sextant whkh could 
lay any dalm to aoeurmey, wae eonstrnetod by Dr Oail Pul 
frlch heed of tho department of Instniinentk of predalon, 
(Mesa-Abtillnng), of the Ohrl Selsa works of Jens, Germany 


Dr Pulfrldi represents a type hitherto rare ootalde of Qer 
many, via., a man of hlA edentlflo attaftinienti ongiged In 
coaunerdallaed adepoe Had It not been for hie peUent end 
Ingenious experimentation, It la doubtful If we should have had 
such an tni tr am ent for many years Wtam he haa onoe deci de d 
that an Idea Is fbssible and dealnble^ there art few mmi aUer 
to put it Into practical form, as Is evldsnosd by the many 
valuable instruments he has produced 
The figure rep 
resents the In 
Btnunent diagram 
matJcally It la es 
sentlally a sector 
carrying an arm 
which aupporta a 
mnallMeacope In 
front of the ob 
jeedve ia an Isos 
edes reflectliig 
prism, rigidly at 
tadied, its base 
being parallel to 
the axis of tho tel 
eseppe The sector which la graduated and the arm which 
moves over it are pivoted at the center of the arc and the 
whole ia supported <m a handle behind the sector (not shown) 
as In sn ordinary sextant The pivot la auppUed with ball 
bearings and haa practically no frlctl<m 
llie arm with Its appurtenaDcea clamping screw vernier, 
shade glasses etc which are not shown, is aocorately bal 
anced about the pivot, so that the instrument whUfii is weight 
ed always hangs In predsdy the same positlmi There is a 
q;)ring (not shown), worked by the presrare of a finger which 
clamps the sector so that It cannot oscillate and at the same 
time removes all pressure from the ball bearings Tbe 
graduations, fOr equal arc are twice as many as In the ordl 
nary Inatrament fbr here a quadrant Is a quadrant and not an 
« octant The prism serves as a collimator Slie rays of a star 
pais partly thxontfi the prism and partly throng clear air so 
that it Is possible by adjusting the area blocked by the prism to 
have the direct and reflected bnages of equal brl^tness 
As the Instnunmit pendulates, the direct Image moves cme 
way and the reflected image the other way, but twice as far 
By a touch of the Anger it la easily po^ble to bring the 
pendulatlon to a stc^ momeatarlly and this momentary coin 
ddence of the two Images gives us our measurement B^ren 
with a slight movement It Is easy to Judge when the exenr 
siona of the reflected Image above and below the direct linage 
are equal, and this gives os our point There Is no such thin g 
aa '^Dtp * to be corrected for and there are condltiona of the 
atmosphere resulting in an abnormal refraction of tbe horiaon 
line, when tbe readings by this Instrument will be more aO' 
curate than by the ordinary sextant The radius of the sector 
is about 4 inches and the Instrament weighs under a pound 
I visited the Zeiss works In 1906 and again In 1011 During 
the latter visit I was easily aUe to confirm what Dr Pul 
frlch bad previously told me, via that It was posrible with this 
instrament to measure an altitude accurately to one minute of 
arc nils la all that la required far aceurato navlgatloa The 
manipulation of the instrument Is as easily acquired as that of 
an ordliiary sextant 

The preemit interest in the instrament Ues in the fact that 
vre are now entering iqiOD an era when tnns-ooean voyages in 
airahlpa will undoubtedly beoome matters of loutins^ and 
navlgatloB will have to be dene with Pulfrlcfa sextantc Oer 
tain portlou of the ocean are habltaally oovend with low lying 
fbga. but the alrkblp sells ever these and for the girater part 
of tha tinw both day and night, gighti wm be dbtahuhla 
The Urntrumsnt will be a boon to explerers enabling th« to 
Bghtmi ttMir Impediaeata by dtapenatfig wUb bwvy fiaske of 

merenry trenghg, etc , hlthirto naoBHaxy M arttfldal bostosM. 




Scale Effects in Relation to Aerodynamics* 

Teatmg Aeroplane Parts m Wind Tunnels 
‘ ByH Lcvy,MA,DSc,FRSE 


I N all hmcltM oi cnglneerliif destga tbe question of ocale 
affect la one of fital oonaeqiwnce With almoat the aole 
^ axeeptloB of those caaee wheie the mathematical theory of 
elaetlc atmctorea haa enabled na to dealgn the full alaed con 
atraetUm from a direct calcolatloa of the forcea and atreaaea 
that arlll be brought to play upon it, experimental inTeatlga 
tlona on modeli are the only meana to hand for supplying the 
data upon arhleh the fuU-acale dealgn la to be baaed Before 
such an Inveatlcatlion can be conaidered admlaalble however, the 
baala of prediction from the modti to the full scale mnat be laid 
aecnteu 

In no brandi of engineering la thla qneatlon of more vital 
conaeqnenoe than In the new adence of aeronautics Full acale 
axperimental work in thla anbject. Invaluable ta it has been 
particularly daring the recent war can never In the nature of 
thing! undertake the line and delicate testa on all the numer 
oua details and reflnemeuti that mean ao much in the design 
and oonatroction of a mtdilne In which every Inch of Improve 
ment la worth lighting for 

Full acale adentiflo inveatlgatlona on airplanes in actual 
flight suffer from the two Inherent dlaabllltJea which in all 
flrat-clasa research one seeks to dlmlnate — (a) the tempera 
mental defects of the pilot and (b) inadequate knowledge and 
utter lack of control over the atmospheric oondltlone 
If it bo leallsed that an up current of as little aa 1 p^ cent 
may Involve an error In the drag meaaurement of the wlnga 
of aa much as 15 per cent , it becomes at oncer evident that only 
by an Immense series of checking and rechecklng by numerous 
teat flights could full acale research under actual flying condl 
tlona serve alone as a basis for design Bxpeiimental means, 
moreover for direct measurement of the forces brought Into 
play daring flight are not likely for some considerable time 
to be BO far developed as to allow of a determination of the 
Isolated effects of the small variations In design which to 
getber in the end sum up to considerable importance The ad 
vantage that experiments on models in the wind tunnels poa 
aesa over those on the full scale and In Che open becomes at 
once a^arent Complete control can be exerdaed over the ex 
perimental conditlcou both as regards wind speed and the Iso 
lation of the effects on realatance and consequently on perform 
ance due to slight modlflcatlons In design But these advan 
tagea are only to be had at — in many cases — the expense of 

*VVoin ilaiOMogM JuawafriM 


facing an extremely serious diflkulty— vis the proldem of 
scale and it is with this aspect of the question tiut the present 
article la primarily concerned 

The construction b^ means of which the forces on the models 
are measured la shown in Fig 1 It consists esseDtlolly of two 
rectangular horizontal wooden tunnels connected by a sUghtly 
tapered portion containing the propellor Wheru the latter i» 
In operation the air la socked In through the inlet and aloaag 
the front or working portion of the ehannd At the inlet 
month la situated a honeycomb to steady the flow and distribute 
fhp air uniformly along the channel 

Almoat midway along the working portion where the dls* 
tributlon In velocity across the gection Is most uniform. Is 
placed the model fixed to a vertical support through the floor 
of the channel forming a portion of the balance by meana of 
which the forces and moments exortorl on the model are meas 
ured The air then passes through a second honeycomb, through 
the propellor and is discharged Into the outflow distributor The 
walls of the latter aie c<»mposed of vertical laths spaced pro 
greaalvely to allow as far as possible of the passage of the slip 
stream air back into the room without the production of ex 
cesslve turbulence by splashing against the wall 

TxK>ked at In plan the flow of the air In the room is as 
Indicated in Fig 2 and by such a symmetrical system the 
streaming In the tunnel proper can be maintained at a high 
degree of steadiness and uniformity It is not until a distance 
of 1 In from the wall is reached that any appreciable drop 
in the velocity Is found The wlud speed in the channel la 
regulated by adjasting tbo revolutionary speed of the pro 
peller in the usual fashion In utilising the wind tunnel 
for aerodynamic reacarch two different classes of measure- 
ment are essential E^rst, the accurate measurement of wind 
speed and secondly the measurement of the forces brought 
Into play The instrument upon which the measurement 
of wind speed depends Is known as the Pitot tube The 
general ontUne Is shown in Fig 3 It la composed of two hoi 
low tubes fitting one Inside the other and closed along the dr 
cular edge AB The outer tube is perforated at the points CDS 
—and open again to the outside at F The Inner tube is open 
both at the front AB and at the end O The fore part LM Is 
placed parallel to the wind F whose speed it Is required to 
meauire A tube of this nature moved on the end of a whirl 
ing arm Is found by experiment to acquire In the Inner tube, 
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in addition to Um ohUnar; atatlc prewnre an addltloiml 
(Unamlc bead fftTea by (M) where y la the deniity of the 
ttr In gravity unite and p U the apeed Thla total preeaure 
4- (H) yf' la uanally transmitted to one end of a preMure 
gage At the perforattone CDS etc whore the stream la 
parallel to the surface there Is no additional dynamic head 
and the pressure at the outlet F is therefore p^ the genml 
atmospheric pressure This is transmitted to the other am 
of the pressure gage and balanced against the pnseure + 



FIG 2— DIAGRAM SHOWING FLOW OF AIR IN ROOM 

( Vfc ) ^ fhe weight of the column of liquid between the two 
levela in the gage is ooneequently (p« P^) — Po = 

(H) yP* s>>d from a measurement of this difference in level the 
veloclt} ran easily be ealculateil 

V diagram showing the form of the pressure gage Is given 
In Fig 4 This dlfferoHe of pressure between the tiwo cups 4 
and B shows Itself by a rising or falling of the mcnlscua M 
Phis may be rompensated for by a measured number of turns 
of the screw whe^ W which alters the relative level of the 
cupa Ibe alteration of level read off from the scale 6 Is thus 
a measure of the difference In pressure between the two cups 
A detailed description of the balance In use In moat aero 
dynamical laboratories for the measuroment of alnd forces on 
models will not be entered into here but for the present it la 
sufficient to state that the principle on which It 1h based Is to 
balance the moments due to the component wind forces— drag 
along the direi tlon of the wind cross wind force perpendicular 
to that direction in the borlsontal plane and lift In the vertical 
plane— by applied external momenta With a model whose 
weight does not exceed S lb the balance Is sensitive to 00001 
lb and to much less for very light models 
It Is clear that by means of these highly delicate appliances 



FIO S— DIAGRAM OF PITOT fUBF IN AIR SPUED METER 

the aerodynamic properties of bodies of all possible shapes 
snd the modlfleations due to slight changes, nmy be Investigated 
to a great degree of precision but it Is also dear that unless 
the laws of prediction of the forces operating on full alaed 
machines or parts at the high spoeda of ffl^t ooonrrlng in 
practice from those measured on modds at wind tunnai speeds 
are equalb precise much qf this work would be fntile ^yen 
were the laws of traosltl^ not known however there still 
the possibility of deriving usefhl infoimation by mere cocn 
paratlve methods 


AS TO caAireKs 

For szample If It be fdimd that a paiHeplar modtffeatlon^ 
It mav be a change In wing secthm a change In cro ss se ction of 
stmt, etc — inrolvci an improTement In the design of the modet 
Indicating Itself in a more ^dent perfbrmance, there is a 
presumption that the same modlflcaflon will involve an in 
creased eflBciency on the comidete full scale madhlne Bow to 
estimate this Increased efficiency In magnitude in the latter case 
from that measured on the model Is however, a question of 
much more vital consequence for upon It wlU depend ultimately 
our power of designing aircraft for ipedffc fanctlons and plac 
Ing reliance on the results It will be seen that an answer to 
this car be provided— complete for all practical purposes— by 
nothing more than an applioatlon of the dfsolcal dynamical 
laws of Newton. 

In order to dear the ground certain experimental facts 
l>earlng on the question may be brleily recalled If two bodies 
of Identical shape but one twice the other In siie be tested 
for air resistance in a wind tunnel It li found that the resist 
ances are equal If the larger model la tested at half the wind 
speed of the other Qenerally in fact If the shape of a body 
be given b} a drawing and the length of one part be represent 
ed by I a hich determines tho sise of the body then if u be the 
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wind speed so long sa u x 2 is maintained constant the re- 
sistance remains constant 

Thla suggesta immediately that in air the wind forces exerted 
ou a body are purely a function of the product v x I ^ 
may arrive at this result however from very general oonsld 
eratlon^ without reference to experiment The foroM operat 
Ing on a body can only depend on the sise 1 of the body Its 
ahape the density p and vlsioslty w of the air and Its wind 
apeed v In effect this implies that the expression for the 
lesifltance must contain these quantities and these quantities 
only We have at the same time the general principle In dyna 
mlci that the dimenaiems of such an expressloa most be thoee 
of a force since it is equated to a force How then are the 
quantities I p and v to be grouped together to give an ex 
presalott having the dlmenslcHui of a f^rce? Aa a mathematical 
problem thla is quite simple and Indicates that the resLstance 
R must be ro^resented In the form 

It ia partlealcrly to be noted that tbe exact tom of the fQiie« 
tlon /(el/r) la ao tar Indetermlnata and will depo^ pwelr 
on tbe dMpe ot tbe body under conaldemtloa. Tite^ipttai of 
tbe name abape bnt ot different pinee movlncfft apeedt 

will haTe tbe aame form ot expreatoq tor /, bnt el/r wOl hare 
dtatinct Ttlnea tor eadi caae Aa long «a tbe twn J^odlee me 
moving In air e the denilty and » tbe vlaeoalty will renaln 
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fludf u4 It foUims at once trom this formula that if o x ^ ia 
malntatned oonatant the raalstanoe will be the same In both 
eases In aeootdanco with the azparlmental fact already reC erre d 
to The aocuraq^ of this formula has been subjected to many 
searchlnd tests, not (be It noted) to check whether the dyna 
mloal laws upon which It is based are valid but to determine 
whe&er or not It is JustUlable to assume that In all cases the 
forces depend only on the quantitlea stated 

• 

WOBBIHO OUT lUaifULa 

The formula suggests that for all such aerodynamical in 
vestlgatloos the most suitable manner of presentation la to plot 
the resistance coefficient against pfA The curve thus 

obtained should represent the form of the function / and all 
points derived from experiments on bodies of the same shape 
should Irrespective of the else of the latter fail on this curve 

The equation 

reslatance coefficient = = /(p{/f) 

atates that ai long as the experiments to be compared are 
oondoeted In air, and this Is eridently satisfled by comparative 
aerodynamical testa In the wind tunnel the force coefficient will 
d^nd only on the value of vl at which the experiment la con 
ducted It foUowa at once therefore that If experiment enables 
us to obver a wide enough range of this product the determina 
tlon of the forces on the full scale could be derived by drawing 
up an experimental chart ahowlng the variation In force 
coefficient with pf and aelecting the ordinate at the appropriate 
full scale value of thla Quantity 

Fig 5 gives such a chart fOr the best stmt so far obtained 
In this case the reslatance coefficient is represented as the 
resistance coefficient per foot run of the stmt the standard 
dlmenslcm I used In the foregoing discussion selected In this 
case to represent the shorter diameter of the cross section If 
In an actual stmt I = ff in s % ft and v = 120 ft sec 

pt = 60 ft* sec units 

and the curve Indicates that the resistance coefficient for thla 
value of p =s 004 

A point of extremely general signtflcance In lllustFated by 
Fig 5 The reaiitance coefficient of very large magnitude fbr 
low values of p| falls rapidly and for large values of td ulti 
mately approsches a constant value but when the resistance 
coefficient Is constant the resisting force Is pr(^rtlonal to the 
square of the velocity and this therefore Is the law for a stmt 
moving with comparatively high speed But this result is not 
peculiar to a stmt for practically all bodies of aerodynamic 
shape It Is found that if the resistance be measured up to high 
enou^ valves of p x I this force tends ultimately to become 
pngkortlonal to the square of the velocity and this Is prob 
ably the case for bodlea of the magnitude of those occurring 
1 b a full alsed airplane flying at its normal speed It follows 
at once that if the wind tunnel tests can be continued up to 
mioh a value of p x 1 render the resistance coefficient smi 
sibly otmstant, the constant of proportionallt} is at once de- 
termined and the magnitude of the forcea on the full scale can 
Immediately be estimated 

Unfortunately however for the complete success of this 
method, the dlsimrlty between the values of p x < tor the model 
and for the full scale Is extremely great and it la frequently 
necessary to extrapolate over an extremely large range of 
p X L The relative extent of this extrapolation becomes clear 
troai a simple calculation If the chord of an airplane wing 
is ff ft and its wind velocity 100 ft sec the corresponding 
value of p X I i> ffOO ^ ^ vnUa while for a modri test on a 
wittf the diord is rardy greater than 0 in at a wind speed of 
00 ft sec giving a value for p x 1 of 80 An extrapdatlon 
of, from 80 to 000 appears an extremdy large range with 
a probeUy Ugh datres of inaccuracy, but in practice the error 
thua oceasioiied is more apparent than real In most oasea that 
arlae elthag the cam for the reatsUnoe coefflctont has become 
ssBsflily ooRitant bsibre the limit of the experimental range Is 
reached, or It is rapidly becmnlng so 


It is at this stage that full <tcale experimental Inveatlgatto&s 
on machines under flying conditions play an Important part In 
acting as a chedc and supply correction or conflrmatlon to the 
model results Systematic and oonttnuons comparison has noW 
been carried through for several vears and the conclaslotiB 
ha\e been srrived at that no very serious errors creep In as a 
result of these extrapdatioiiR provided certain factors are used 
with dtacretlon 

A wABiano 

One evident source of trouble is possible however and 
moat be guarded against It baa been shown that the re 
distance coefficient depends entirely on the value of i X ^ at 
which the experiment Is conducted but a wider point of view 
than this ran legltlmateh be adopted All the phenomena 
of the motion the nature of the flow and stream lines the 
occurrence and period of the eddies will all likewise depend 



on this value Now It la found experlmoitally that certain 
critical values of p x 1 axlst for any given body In the region 
of which the nature of the flow undergoes rapid change ac 
companled by a simultaneous rapid altmtlon in the value of 
the forces orlglnsted It has for example been found that 
certain struts at a given wind speed may Indicate ai many as 
three different values for the bead resistance according appar 
ently to the nature of the flow of air in Its neighborhood 
The value of o x I ai which this occurs is clearly •xtremel> 
critical The three separate resistance curves thus Indicated 
would not be equally stable and at much higher values of 
V X I Inso of them would disappear If a false extrapolated 
value la not to be obtained It Is evident that the experimental 
range of p x < in any given case must extmid well beyond any 
region In which such critical values may arise 
There Is ei^ branch of aeronautical engineering In which the 
difficulty as regards scale effect does not arise to any meaaur 
able extmt that of prop^ler design In thla case there is an 
extra complication in the question which did not enter In that 
of the steady motion of a body— vis the fact that the propeller 
is rotating at a deflnie angular velodtv say h rev per sec 
in addition to its forward motion If D is the diameter of the 
propeller, then following the linn indicated eariler in the 
article as regards the form whiOh the forces must take. In this 
case the thrust and torque, it can be readily shown that these 
quantities must depend on the quantity V/D% in addition to 
FD/r M bafbre Ample evidence, however, exlsta to indloate 
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tbat In genml the effect of tbe Tlecoelty term 1« negllglUe 
This woDld be eo If on plotting tbe throet coeffldent on a baee 
V/Dfi the point! correipondlDg to different valnee of FD/r all 
Ml on one single carre Instead of a series of sodi corres 
That some form of scale effect might arise Is erldent on general 
considerations from the fact that each elemental section of a 
propeller blade nia> be connldered as of the nature of an 
aerofoil eadi portion of 'which as already seen would produce 
Its own scale effect Whether these sum up to any appreciable 
magnitude is quite another matter Taking a propeller of 0-ft 
radius with a mean chord foi the aerofoil section 3 ft from 
the boss as 3 in rotating at a speed of 1200 r p m for a static 
propeller of this nature the value of p x 1 would be approxl 
mately 100 which is normally well beyond the range at which 
any scale effect ahowa it^lf appreciably On general grounds 
therefore It is not to be anticipated that the term VD/p will 
enter Into the equation at all and this conclusion has been 
borne out in so many actual cases tbat have been tested that It 
may be couMldcred of general application 


SOALB OOBBKCnoNB 

It may therefore be accepted that in order to Investigate the 
properties of prc^llers results obtained on models need not be 
corrected for qcale effect so that the force coefficients, efficiency 
and other general pr(H>ertle8 of the propeller will depend 
merely on the value of V/Dn at which the test Is made and 
experimental means for a model can airways be devised to 
cover tbe complete range of this quantity required in practice 


I KOW DIMElfSlOKAX OODnClEltTS 

In the foregoing discussion reference has been made in each 
of the classes of problem dealt with to certain groups of terms 
by studying the variation of which all tbe properties concerned 
may be treated Such a quantltv In the case of problems of the 
motion of viscous fluids of the forces on struts wires and air 
plane wings Is Vl/p and In the case of a pri^ller V/Dn For 
every physical problem whether concerned with aeronautics or 
not some such groups of symbols exists with the variation of 
which as It were all the properties may be considered Now 
if we consider the dimensions of these groups of symbols what 
do we find? 


Quantity 

Speed 

Length 

VlwMity 


Symbol Dimension 

V L/T 

IotD L 


9 


V/T 


Angular speed n 


1/r 


The dimetiBlons of VI/p and of V/Dn are evidently from thla 
table sero and It follows at once that the value of both these 
quantities will be almriutely independent of the system of units 
In which it Is expressed provided all the quantities concerned 
are expressed in a consistent set of units An Ulostration of 
the same Idea from another branch of engineering will be 
familiar to the reader The buckling of a homogeneous un 
tapered stmt or column by end thrust takes place when tbe 
latter reaches the value 

where E is the elastic constant for the material I tbe length of 
tbe strut and / the moment of inertia bnt this may be written 


FV 



and a consideration of the dlmoksioas of the exprearion on the 
left band side shows that It Is non-dimensional No matter 
In terms of what units the various quantitlea are measured, 
provided they are self consistent budding will always take 
place when this quantity becomes equal to s* 

In the aame way If a series of strats, tapered ot^snrlse^ 
all geometrically identical as regards outline but of diffluent 
sises be tested for buckling as a dasa, they wHl aQ fhU whan 
FF/ff/ reaches some definite ixed value, where / Is the 


flexural rigidity at some standard sectlOD along the lengdi, aay 
the mid section 

The initial st^ Qierefore In analyglBf any physical or en 
gineering problem by experimental means Is to determine the 
group or groups of non-dimensional terau by whooe variation 
the properties may be studied Any fnnctlon of these non 
dimensional quantltiee will itself be non dimensional, of course, 
and consequently we have such expressions as 

B/pv^V = f{vl/p) = non dimensional quantity = Jr, say 

T/pn*lP = F(V/Dn) =tiOD dlmenalonal quantity = Tm say 

The quantities Tt and k etc are non dimensional ooeffideots 
from the value of which at any speed translational or rota 
tlonal and for any slae the various force oomponents may be 
calculated 

The analysis of all these problems centers round a oonsldera 
tlon of the value adopted by these coefficients as vl/w and V/Dn 
changes ( ontalnlng thus the essence of the problem from 
the theoretical aspect they embody at the same time the 
simplest method of representation The magnitude they adopt 
for any value of i^/p or V/Dn is independent of the system of 
units used whether In ft 1b see or o gs units while the fdroea 
lequircd can bo obtained directly my multiplying by or 
pn*D^ in the appropriate^ units 


A NE?W THBORl OF BKINFORCfiD CONCIlBrrtJ 

In the Comptes Bendus do 1 AcadCmle des Sciences for July 
7th 1010 Mr VasUesco Karpen advances a theory to explain 
the adhesion of concrete to iron In reinforced concrete stme 
tu^ 

This adhesion he aays^ is an eesentlal factor In tbe re- 
sistance of reinforced concrete bnt its cause and results seem 
to be unknown It is usually considered as due to a glue-like 
action analagooB to the adherence of mortar to brick Ex 
perience however does not confirm this view, for If cement 
is poured on an iron plate the adhesion la fsr from having 
the value that it has in reinforced concrete and If the sor 
face of the Iron is smooth or oily there is no adhesion On 
the other hand teats made with bars embedded In concrete 
show that adhesion occurs even when the bars are painted or 
oiled, evidently there is no action similar to glue In these 
cases 

The author believes that tbe unified action of iron and con 
Crete In reinforced concrete stmoturea Is due to tbe friction 
of the Iron against the concrete It Is known that concrete con 
tracts in setting in so doing it grips the Iron which It sur 
rounds and resists attempts to separate the two 

Figures are glvoi showing the results to be expected if this 
theory is correct, whidi agree cloeely with those obtained in 
practloe It has also been shown by practice tbat the ad 
herion of cmicrete and Its contraetiOD Increase with time 
The friction due to the contraction of the ocmcrete around the 
iron Is sufficient to explain the unity of tbe Iron-concrete com 
blnatlon 

When reinforced concrete stmeturea are demoliahed, the 
merete ceases to cling to the Iron as soon aa It pas see to ear 
round the iron entirely * 

In calculating reinforced concrete It Is ihe general custom 
not to count upon any resistance of the concrete to tenslotL 
Ihe present theory mi tbe contrary riiowa that It la pro 
dsely because of the resistance of concrete to tenslou tbat It 
p ro BSs s agalnat the Iron and produce^, the necessary sOUdlty 
of the united materiala 

By thin theory the tfal^cness of oencrete required about the 
Iron may be determined from a oonalderatlon of the tnalon, 
uhleh must not exceed the admlsslbte nssxlmom 

Mr Ksnn'i theory atao calla attaatloii to the great 1^ 
portaDlce^ of m knowledge of the ooeOdleot of bootracOen of 
cement 
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A t a maediitf of tlie Sdeatlflc Oommlaalon ’ of the Aero 
dub of France^ held April 80. 1919 an addreea was 
made by Dr OugUebnlmettl with reapect to the phyalo- 
logtcal probema lOToWed in air travel at high altltudea Dr 
GtigUelmimettl la a otiebrated phyalologUt and for many yeara 
haa devoted hlmaelf eagwclaUy to the atudy of the ellecta of 
altitude upon the organa of the human body He la of opinion 
that the moat feaalble method of carrying peasengtra througli 
the hlr ia at hl^ altitudes in cabins wherein a normal at 
mospi^c preaaure la maintained Such a cabin obviously 
bears an analogy to a aubmarlne We quote below a portion 
of hla address from a report in a recent number of 
LUAvpkUe (ParU) 

Rapidity of movement la one of the factors concerned Jn 
the safety of an airplane since It ia by this that the latter 
la sustained in the air It la at very high altltudea ap 
parently that the amosphere is most propitious to high rates 
of speed since the air la lighter It offers leas rcalatance — an 
avion which travels 160 km ptr hour at a hfi^ht of 6 000 m 
IS capable of travelling 300 km per hour at 1 (100 m Mon 
over the air currents provided they are favorable are far 
more rapid at such altitudes and are regulated by laws ^hlcli 
are better known or which nn at any rate more general In 
appllratlon than those which regulate the wind at lower alti 
todes It lies with tbe meteorologists to dedde at what 
height new Internatlcmalt transcontinental and transo<eenlc 
routes should be laid out 

But can the present day motors carry us at these high alfj 
tudes? This la a matter which must be referred to engineers 
aud builders In rarefied air the motor bes need like the 
man of a supplementary supply of air M Rateeu a member 
of the Academy of Sciences, has had the Ingenious idea of 
attaching to the escapement valve a turbine dnven bv the 
exhaust gases at a rate of 80000 revolutions per minute 
This motor drives a small centrifugal ventilator designed to 
compress to the normal pressure the air required by the 
motor 

At the Aerotedinlcal Institute of St Cyr ttie Technical Sec 
tlmof Aeronautics has installed an ^rmous exhaust caisson 
In wbldi Dr Garsanx has made obsevadons upon the effect 
of different altitudes upon aviators Captain Toussalnt the 
well known authority upon aero dynamlca Intends to make 
use of this same caisson In experiments upon motors with 
respect to the work done at various aldtudee 
We now come to the question which lirterests us specially 
Is It possible to transport persons In good health to high aid 
bdes la the space of a few minutes without disturbing their 
heoKh, and B so to what oldtodeT Is the organism capable 
of supporting these great variations of pressure and will the 
dlmlnnUoD in the tension of oxygen permit the organism to 
survive^ with a supply of oxygen? 

The researches of Paul Bert have taught us that the troubles 
comprised under the name of 'altitude sickness proceed 
from two causes The sudden variation of the prossure and 
the Inflaenoe upon the organlmn of the rarefled air Let us 
ekplatn by examptoa 

A If we place two sparrows under a beU Jar in which the 
|LiP has been rarefied, when the barometric pressure within 
the beU Jar has desoesded to 800 m/nh-^hlcb corresponds to 
an altitude of about 7,000 m— ttie birds exhibit signs of 
lUnesa, at 200 m/m (an altitude of 12,000 m ) they stumble 
wd then fsU over and It makes little difference 

tbMhof this d iyro sslon hat been attained Mowly, 1 e In ifie 
ooqisa of 4^pa>tsr of an hour or in imly four or five minutes 
If tfo cckitlfiiia to eadiaust Che atr until thq pressure falls to 
180 m/m (an attrtudt of 15,000 m ) the bln}8 beoome vlo- 
Iwqr ofltntsd tmd tn a few seconds If oxy g m be now 


passed Into the bell Jar the birds Immediately recover It 
has been proved timt the illness thus produced In the birds 
Is due entirely to the lower tension of the oxygen In the 
blood, for if hydrogen be allowed to enter the btU Jar Instead 
of oxygen the boroineCer at once ascends and the pressure 
becomes normal boc the birds fail to recover 

B When two guinea pigs are enUoeed In the same bell Jar 
containing rarefled air but one of them Is allowed to remain 
at rest, while the other Is forced to experience great fatigue 
(by means of a tread mill for example) the latter animal 
will fail 111 aC a rarefaction comsponding to about 4 600 m 
while the former will not exhibit indubitable altitude sickness 
until a rarefaction corresponding to about 8000 m Is attained 
If the air under the bell Jar has been previously saturated 
with oxygen however the rarefaction can be carried muA 
further without thi Rllghtcst symptom of sickness being ex 
hlblted It Is (vhhvit that the animal at rest represents an 
aeronaut while tin anlniul forced to tvert actlv^y 

represents a mountain i limber 

This question of thi influence of rantli'il air upon the hii 
man organism is one with which 1 ha\e long been intense 
preoccupied Having been born In thi neighborhood of the 
Simplon which p<ior Ohaver was the flret to fly over, giving 
his life to the cause of the progress of aviation I dlmbed In 
mv vouth mo4t of the loft> poaU*^ of thh mountainous region 
1 wus \erv often skk hut like nearly all Alpinists I attrlb 
uted thl*9 to fatigue, to the luck of vleep In the not very com 
foit*ibh labine or to qtomach disturbances After climbing 
hour upon hour one N exhausted when one arrives at the 
top of the mountain that one takes hut little account of 
the effect of the rarefaction of She air and then when one 
dcMXud<4 hi feelH better just as he gets over b^lng seasick 
w hen the boat stops 

I had a very lively deglre to make a prolonged sojourn 
upon the top of a lofty mountain In the first cave so as to 
eliminate fatigue from my observations end secondly to see 
whether it Is possible for the human organism to acclimate 
itself readily to higher altitudes About this time It was 
planned to construct a railroad to the Xoip of the Jungfrau 
(4,(X)0 m ) which gave special Interest to the question The 
Federal Swiss Cniinill withheld Its consent to this project 
until it could be determined what risks would be run not 
only by the train crews and the workmen employed In con 
struction but by the passengers In 1881 a unique <H>portu 
nlty presented ita^— 4he Jansen Expedition for the building 
of an observatory at the summit of Mont Blanc at a height 
of 4807 m 

This expedition was to stay for several weeks In the Vallot 
cabin at a height of 4600 m One of my confreres and 
mysdf offered to give our services to tbe members of the 
( xpedltion-^some thirty guides and porters of Ohamonnlx-* 
and to make certain observations upon ourselves 

We all suffered more or less from mountain sickness This 
malady is dmracterlzed by profound and accelerated reeplra 
fion (which Bad but little effleaer) by an increase In the 
heart beat up to 120 beats per minute, by headache, by 
nausea, and by general exhaustion The slightest effort In 
duoed a fe^ng of auftocation and an acc^eratlon of the 
pulse up to 160 beats per minute The laboren were em 
ployed in digging a tunnel through the summit of the moun 
tain in order to find a rock snltatde for the base of on iron 
(ibservotory, whidh our coUeague M EUfel purposed to build 
Upon observing these men I found that Cho!^ they were 
acenstomed to the mountain air they were not able to give 
more than a dosen strokes <if the xflek or to lift more than 
ten shovelfals of snow befors ffndUig It Impooslble to coattnue 
and having to be relieved In order to get th^r breath Along 



V) 


SCIDNTIFIO AMERIOAN MONTHLY 


jAmriBT, 1090 


about the fourth or fifth dfl) however we had all become 
acclimated except for two portera, who were ordered to 
acend to the Grand Mulet for fear of aerloua accident Dr 
facottet of Neachatel, who bad requeated to take my place 
for a f< w daya died In the A allot cabin the third day after hla 
arrival from mountain slcknoHH 
But th«!0e reanlta obtulntd In mountain clJmblnff moat be 
compared with ubaervatlona made In balloon aacenta the lat 
ter differ by being more rapid both In the aacent and In the 
descent and by Imposing no espedal fatigue upon the organ 
lam It waa with the purpose of making auoh obaorvationa 
that 1 organised the first aeries of pb3 Biological balloon ascents 
by meansof wMch It was proved that from 6000 m the Intt 
mate combustions the n'^iplratory exchanges In the Hasuea 
are augmented to a degree which It waa not possible to foresee 
Uaually no noteworthv dJatuibanees are experienced In a 
balloon up to 0 000 m but from this iiolnt onward nearly 
all balloonlsta suffer and are unable to resist the effects of 
the rnrefactmu of the air except by contlnuoua Inlmladons 
of oxygen In 3912 Ileut Blenaiznd with two paasengera 
reached the altitade of 10107 m (the French record) he 
began Inhalations of oxygen at 4000 m taking 8 liters per 
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minute and keeping on hla mask rontlnuously He made the 
ascent without feeling the allkhtcat Ulneaa» but one of hla 
paaomigCTa #tio took off his mask every two minntes In order 
to throw out ballast became unconmloua at 8000 m , bow 
ever he was aoon restored by a greater absorption of oxygen 
The world record of altitude b^ngs to Drs Berson and 
Sifiirlog, who asoended to a height of 10800 m In 1011 They 
acfcnowMfed frankly having folt as if they were actuallv 
paralysed, Incapable of deciding to make the slightest move 
ment and in spite of thMr Inhalations of oxygen It required all 
their energy to keep from giving way to an almost Invinci 
ble sleepiness As soon os they stopped inhaling oxygen 
for a few minutes they suffered Increased heart palpitations 
and began to stagger An Bngllsh scientist, Glaisher, with 
a companion named Ooxwell ascended to a height of 8,800 m 
He suffered greatly from balloon sickness and complained 
especially of the great difflcolty of using hla arms wbiQh felt 
as if paralysed. had not Inhaled oxygen and he flalpted 
Id the oar at about 7000 m In height Another Bntflsh 
aTtttnr, Lang ascended to an estimated height of 0,008^ m 
with a passenger the latter fainted at TOGO m because the 
tube leadlDg oxygeo into his Inhaler waa bruken 


It Is Intereating to compare two ascensions mode twenty 
years apart to show the progress made with respect to respl 
ratiory apparatua The first was that of the Zdnlth whldli rose 
to 8000 m piloted by Tisaondler, accomfianled by Croce 
SpinelU and Slvel, and tbe second wha the ascent made by 
Ookmel Bolaan and Godard In 1000 to 8008 m Paul Bert 
hlminlf made tbe preUmlntry arrangementa In tbe first case 
Together with hla puplk, Groce-Splnelll and blvd, he en 
tered one of the pneumatic bell Jars at tbe Sorbonne and 
served that the beneficent action of oxygen enabled them to 
avoid injury by the rarefaction of tho air Full of coofl 
dencf In his theory the two younger savants started gatly 
for their trip on board the Zdnlth They carried oxygen with 
them but It was endosed in small bags such as are used 
In cases of lUneos Two hours later when the balloon reached 
earth again the two young men were dead Tlssandler alone 
survived and he too had fainted According to the log 
kept by the pilot all three had Inhaled oxygen but not until 
they reached a height of 6000 m This was rather late to 
begin and furthermore, little 0x3 g»n was consumed since 
the bags were found almost full Croed and Slvel went to 
sleep at about 7 100 m and probablv passed away In slumber 
When one Is attacked by altitude sldUKOS he experiences 
a considerable prostration and a mental depression which 
makes him absolutely Indifferent to all danger tbe will Is 
paralysed as In seasickness One has but a single deslrS'^-^o 



be left utterly alone and allowed to go to sleep, even on a 
bed of snow at a temperature of 20* O briow lero One feels 
neither cold nor danger, but to go to sleep In this maimer 
means to wake In another world Good mountain guides know 
this and prevent cUmben from going to sleep Undoubtedly 
Oroed and Slvel became stupefied and lacked both the will 
power and the strength to catch hold of the oxygen pipe which 
hung above them and which would have saved their lives 
Oompere with this case the aacent made by Balaan and 
Godard to abont the same airitnde Coloori Balaan has told 
me that he found it beginning to be dlfllnilt to work at a 
height of 6000 m though he had commenced to Inhale oxygen 
at 4(XX> m He suffered greatly and found It impossible to 
carry the oxygen tube to his mouth his band remaining mo 
tlonless at a dlstanoe of 10 cm a^d hla will falling to exert 
Itself Godard bestll) passed the tube to him and in two 
minutes he was better When Godard was sick he experienced 
the same Impossibility of action Dr Betaroetter of Vi 
enna made a sphygittographio tracing at 7 000 m which was 
absolute normal, thanks to the ox3gea inhalation wUdi 
enabled him to perf^^nn at this aUltude delicate and dlflkuH 
mental and physical operations 


There ig little to be said with regard to (be kfiapto ins of 
oompreosloa experlttced during descsot M^ MbJM has told 
me that he suffered more lu the descent trofii a bolllit of 
7000 n than in the ascent, Lleot dlebalmd conqUlned 
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of oEKporlondiif tnraUlw of circulation the dny after making 
hit reeortf aaoeot But Adde from the nraftictloD of the 
air ioMen rarlatlona of preaeore are to be feared flnallj, 
the qoeetfoa arlM whether ordinary paaaengere will be able 
to narlgate In the* UKier reabhea of the air The anawer muet 
be--No All theae aeronanta are either young aportamen or 
picked men who bare been aubjected to a ae\ere training 
whKdi paiBongen could hardly be expected to undergo 
Then, too^ thm mli^t be found among the latter Ukm auf 
ferteg from unanapected troubles of the heart and blood 
vesabla whldi might cause great variatloDs of preMure to be 
fatal to them Further more, for aome unknown reason 
many persona cannot even bear the coroparathely low aid 
tude of 2,000 m In my medical work at Zermaftt (1 800 m ) 
I hare aeen travellera arrive from Paris and London who felt 
perfectly wdl until they had mounted the stairway of the 
hotel, when they suddenly experienced dlstuihlng and even 
alarming aymptenns theae generally abated after a nights 
rest but It was sometimes necessary to send such persons Into 
the valley to avoid serloua accldenta 

Let us now coniider suitable remedies for altitude 
■Iduieea 

Improved and automatic respiratory apparatus may suffice 
for aviators whether sportsmen or military men but if pas 
sengeri are to be transported It Is hardly feasible to think 
of providing them with similar masks not only because 
these would considerably Interfere with the pleasure of the 
voyage but because they do not offer a sufficient guarantee 
against Illness 

By means of diving bells diving suits and submarines man 
Is enabled to live In a tniHeu whlrii provide s no element to 
satisfy his longs Why could not ^mllar apparatus be de- 
vised for use in the upper regions of the air? The accom 
panying diagrams Show devices proposed to meet this end 
The flnit Is a rtosed cabin in which both passengers and 
pilots are surrounded by a normal atmospheric pressure which 
can easily be maintained by means of a pump The a eight of 


such a cabin holding twrive persons need not be more than 
two or three hundred kllograins if composed of darmlumln 
The technical problems involved appear to be theoretically 
simpler than those which have been solved la the case of 
diving suits and submarines, even at the highest altitudes 
the difference of pressure between the inside end the outride 
air would not exceed more than about half an atmosphere, 
while the walls of a submarine are required to support a dlf 
ference of three or four atmospheres Even sttpjposing that 
an accidental crack ax>pearod in the walls of the cabin so 
that the latter was unable to maintain the constant pressure, 
It would always be easy to deseed to a lower altitude 
As a matter of fact such a cabin is now being studied by sev 
eral builders and by the Terimlcal Section of Amnantlcs 
1 may terminate these remarks by mentioning a project for 
a closed car and an aerial diving suit presented before the 
1 rench Society of Aerial Navigation as long ego as 1871 
This car proposed by Louis Tridon was composed of solid and 
flexible portions The solid portion was composod of a floor 
and roof of basket work The roof served as a maneuvrlng 
car At a high altitude the aeronaut was supposed to de- 
scend throuj^ a manhole into the lower car in which were 
placed compresMd oxygen and cloths soaked In lime water 
to absorb the carbem dioxide of the breath 
In 1900 M Andrienx presented to the same Society the 
model of an aerial diving suit, consisting ot air tight canvas 
A special sysUm of tubes fed by a reservoir of compreesed 
oxygen served to maintain around the aeronant a sufficient 
pressure to cause the air to circulate in such quantities as to 
ensure comfortable respiration 
Since these different questions concerning the navigation 
of the air at high altitudes are intimately connected and 
interest physicians and roeterologtsts as well as builders I 
have requested the Sclenllflc Oommlsrion of the Aero Club 
kindly to Invite various specialists to be present at our 
meetings in order to obtain an exchange of views upon this 
subject which I hope may lead to discussion which will 
be of advantage to the progress of aeronautic sdence 


The Instinct of Orientation in Ants 

The Operation of the Homing Instinct 

By Dr Rudolf Brun, Assistant m the Nerve Polyclinic of the University of Zunch 


ya NTS are peculiarly adapted to the study of distance 
orientation for two reasons first because of their 
^ ^ settled and social manner of life which forces them 
constantly to return to a deflnlte starting point, i e the nest, 
after all their expeditions and secondly because, unlike bees, 
they la<^ wings and it in thus easier to follow their move- 
ments during the course of experifuaits 
The correct understanding of such a complicated biological 
process os is presented by the distance orientation of ants 
naturally requires an exact knowledge of the anatomy and 
physiology of the organs of same therein concerned as well 
as of the aseodation apparatus In the brain connected with 
these organs Hence I will begin my remarks by recalling the 
essential features of these 

The BOises concerned in the orientatlOD processes of ants 
are those of smdl of toudi, of sight, and of kinesthetic regis 
tratlon With respect to the last mentioned our Information 
must be exduslvely gained by experimental physiological 
analysis With respect to the functloDS of the other senses 
the mere anatomical gtructare of the oTfona concerned fur 
nishes qs with at least partial data 
The sense of smell Is by far the most Important possessed 
the odorous objects^ which are perceived at the same time by 


*nmiiriated «far the genorrme Axsaicijr tfomHLt fnaa Ihe 
CMrsIHrit (trisrisli 


ants from the biological point of view It la of eseentlal 
JmportanLe for what I have called exteroceptive orientation 
In space because its peripheral end apparatus Is localised 
supcrilclallj upon the oymmetrlcal and extremely mobile 
Jointed antennae The sense of amdl In ants bdongs, there- 
fore like the human eye to the relaiional senses, I e It Is 
primarilv a contact-odor sense which does not perceive the 
emanations from various objects as does the human nose In 
a diffUBid mixture, but, on the contrary in a quite definite ar 
rongement in space, corresponding to the forms possessed bv 
the tactile hairs of the federa It Is upon this consideration 
that Ford* has based his brilliant contact odor theonn or 
theory of the topo-chemlcal tactile sense according to which 
ants become aware of sharply defined odor forms by means 
of their feelets^ They are able to distinguish tor example, 
between round and square odors hard and soft odors, eUlp- 
ttcal and spherical odors, and they store up In their memories 
associated topo chemical engram-complexes corresponding to 
these odor forms In the same arrangement with respect to time 
and space In whidi they were originally perceived Ford 
expressly emphasises the fact, however that ants can natnrally 
make mA of these t<^ diemical ossodatinns only to a very 

*Foret PzpertSDCSs et mnarquas critIqiiM sar im sensatloiis dss 
{assets -^vliU dl 8e Biol II sad HI Como IgOO 1901 ---Dis Psych 
fkshlskritsn dsr A m dssa 2 Anfll Brinks rdt llnalch 1902— Ma 
nssMtn dsr InsriKtso sbend IBIO 
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limited extcut comsiK)Ddlntf to the aboulute smallndas of their 
braina In comiairlaon with the contactKKlor ae n ae the 
capacity for distance smelling Is obviously only all^tly da* 
vcloped in ants It is easy to convince ourselves by a simple 
experiment that ants are incapable of bcentlng for a distance 
of more than a few centimeters even highly fragrant sob 
stances whldi aro partlcnlarly appetising to them 

The sense of sight exhibits In ants as in most insects a 
series of pecnliartles which Indloaite beforehand that they 
probably function In the matter of distance orientation in a 
manner different from that of the ejes of vertebrates Ac 
cording to the Mueller 1* xm r theory of 'Mosaic vision * the 
facotted eyes of insects produce a single upright mosaic Image 
(apposition Image) whose dlstinelness depends primarily upon 
the number of the facets and secondarily upon the length and 
narrowness of the wpaiate ommatldla, as the single facets of 
such compound e^es are termed The eyes of the best seeing 
ants those of the workers possess a coraparatl>e]y small 
number of facets” and comparatively short ommatidia 
rhelr distance point which usually depends upon the cuns 
ture of the lens of the cornea la reduced In most varieties 
to a few millimeters or at most ccDtbneters from the eye 
The Immovability of facetted eyes also has the consequence 
that the attention of the resting Insect can only be attracted 
by moving objects For this reason the eyes of ants appear to 
hi usually suited only for the perception of large movlqg oh 
jecjts In their Immediate neighborhood (iiortl) On this ac 
count is was formerly generally brileved that the sense of sight 
must play only a very subordinate rOle In distance orientation 
among these Insects We owe the correction of this error 
mainly to the work dime by Santschl ' 

The Question as to whether ants are able to hear * appears 
to be still undecided in spite of much research The peculiar 
so called chordo tonal' or^ns extended inside the tibia have 
been repeatedly referred to as organs of hearing In case 
howiver these are really capable of receiving true sound 
waves they are probably confined to the perception of those 
very delicate tfilrplng sounds or 'stridulatlims ' (in the Im 
mediate vicinity) which many ants produce by the rubbing 
together of certain parts of their armor of chltln As regards 
static organs finally, these ha\e not as yet been shown 
to be generally possessed by insects 
If we compare the sense functions Just mentioned with ref 
erence to their direct realm of Influnce we shall readily sec 
tha>t none of them is capable of a direct perception of the nest 
(or rather of the pbycho physiological sensation complex 
nest") from a greater distance than one meter at most It fol 
lowra from this that every dl<itance orientation of ants of a 
greater distance must be indirect i e it must not be produced by 
a sensory stimulus complex, but in the sen^rlum of the in 
sect, merriy as an engrain of the goal by the aid of Interme- 
diate direction signals secondarily avodated with this engram 
of the goal The question here arises whether it is possible 
to ascribe to sneb minute creatures as ants sudi a degree of 
the capacity for plastic recording and assodatlon Many 
authors, among them Bothe< have as we know positively de- 
nied the existiDce of an Individual metnory in insects and 
where their experiments have appeared to contradict these 
preconoelvad i^lnlons, they have preferred to take refoge In 
some physiolo^oally inexplicable 'unknown xMwer But be- 
tdre we follow these authorities into the dark domain of sden 
tifle mysticism it may be well to inquire whether there may 
not exist anatomical structures In Che central nervous system 
of the higher insects capable of being regarded as farnfalilng 


■la the y«na40a ni^ one of the klDde vUrii ssss best, there are 
eatr 600 for eaampls vheroas there are 20000 Is many of Che 
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a morphological foundatliHi for biologically dsmonstrabla plas- 
tic nerve activities 

ELlmifafions of spooe oblige m to omit iho detsiM deserfp 
lion iDhich here /oOows of the brain of the red emt, siersiif 
•airing that the author appeare iueHfled in hie oonfenlion that 
the muahroonh ahaped hodiea or Corpora pedunoulata map be 
regarded me a aort of oerebrvm — ^Dniros] 

The marked devdoiiment Just described of the Corpora 
pedunculaia Is found distinctively only in the jdiylogentlcaUy 
recent social Hymenopiera (ants, bees, waepe) and In ttyaae 
only In the female and worker castes, which are alone In ex 
hlblting those higher plastic capacities referred to above In 
the much more stupid males these organs, as Forel first 
showed are always e^otlally smaller and but slightly con 
voluted, often Indeed merely rudimentary While in the non 
social Insects they exist at best. If at all as simple, stratified 
dorsal protuberances Thus we look for them in vain In the 
stupid files, those proletarians of the Insect world In my 
opinion therefore we may conclude that we have In the 
corpora peduncutata a central association apparatus of 
high functional value, which may be considered to some extent 
as an analogue of the cerebrum in vertebrates 

1 Mfaaa Orientation 

This is usually though not always an orientatiou along a 
well defined road which Is usually Indicated by a chemical 
trail more rarely by actual beaten roads made by the ants 
We are chiefly interested here In orientation by an odor trail 
this usually exhibits the following phenomena Along a 
stntch of 6 10 or even 100 or more meters, an unbroken 
column of ants Is seen going back and forth between the nest 
and the goal the latter usually being a colony of plant lice 
Bach ant closely follows his leader without varying a finger s 
breadth from the path and constantly toudilng the ground with 
Its antennae That the ante actually follow an odor trail de- 
posited upon the ground is proved by a simple experiment made 
by the Geneva savant Oh Bonnet, more than a hnndreil years 
ago i 0 If a finger be drawn squarely across the path the 
ants on both sides this break In the trail Immediately sitop 
and feel anxiously about with their antennae until at last one 
of them slowly and hesitatingly ventures to cross the obata 
lie thereupon the caravan gradually resumes Its course 
Furthermore Santschl discovered in 1011 by close bbserva 
tion with ft lens, that many ants actually marked the trail 
by depositing from time to time a minute drop of a secretion 
whidi apparently Issues from the anal glands I myself 
have proved the tenacity of this trail odor In the fidlowlng 
manner I allowed ants (laaiua niger) to wander through a 
system of comrounlcfttlng glass tubes from time to time re- 
moving one of the tubes and later replacing It I found that 
the oaor clung to the removed tubes In almost nndlmlnlshed 
strength for 2, 4 or even 8 hours it was not entire removed 
even by blowing through the tube or by washing It for five 
minutes in cold water To entirely remove it I had first to 
wash the tube and then rub it out with raw cotton 

In 1886 Bethe made the remarkable dlseoTery that 
anta are also able to distinguish between the two directions 
of the trail by purely olfactory means In consequence of 
this discovery the question of orientation by odor has become 
one of the most dUllcult and disputed problams of Insect 
psydiology ^ 

Bethe led a trail of Laaime niger over three narrow boards 
a, b, e, placed In line between the neat and a oolony of lice 
When one of these boards, b, Fig 1, 'was reuened In 
position then was always a marked dlstuibanoe at onOx end 
of the reversed board althoogh the trail Itself was obt fn 
toTupted On the dOier hand a men exchange of place be- 
tween the boards caused no dlstuxbanee so long as the direc- 
tion rsmalned the same. Bethe then placed b and e side by 
side b in the same dlnctton and c reverted The natural oon 
eequenca was an ontln tntsmptkm at fha point where c bod 
fbrmerly been on Oie put of the onta returning to the nest 
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Xhooe travelllDg away from tba seat apoo tbe board a, on tbe 
otber band, all paoMd trom a on to b (whkb was not ro* 
Tmed)t aonght the broken trail at the end of b fbr awhile, 
and OnaUy wandered on to c and back toward! a Hwe a new 
oonfnaloii aroie, followed by a new paaaage to b and back 
again to C In abort the little creatoree were ‘caught In a 
Tlciona circle ” 

From tbeae remarkable reaulu Bethe concluded that the 
diAnlcal odor partlclea of the trail poaaen a polar structure 
the olfactory perception of this polaiiaatlon la aupposed 
to release in the ants a chemo reflex which forces thorn to 
follow the respective trails from the neat to the colony and 
vice versa mily in the direction of their polarity* 

This polarisation hyxwthesls has found llltle support in 
q4te of Its fascinating simplicity Waamann* especially 
refuted it aa being unfounded both in theory and in fact 
He pointed out that since the ants are constantly travelling In 
both directions^ any polarisation of the outgoing path would 
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promptly be counteracted by the reverse polarization of the 
return trail unless the two trails were sharply separated from 
each other which Is never the case 

Wasmann explains the phenomenon by supposing that the 
ants are able to distinguish between these ‘odor forms' of 
their footprints, which naturally point In different directions 
when going and when coming If wc assume also that In the 
first direction they probably have a certain nest odor while 
on the back path they have more of the odor of the colony of 
Uce, we see that both directions of the trail would be clearly 
Indicated by such a combination of two differently directed 
trail forma with two different kinds of odor We may find a 
human analogy by supposing that all the travillern between 
a city and a village wore shoes which were painted red and 
which left red footprints b^Ind them while all the people 
going In the other direction wore blue painted shm s and left 
blue footprints 

It must be admitted that this footprint theory seetn^ to 
explain the phenomenon satisfactorily at first glance when 

R«d - I* c ^1^ a. w|-i. > ^1 * i|e,i 
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we remember on the other hand that an ant has six feet and 


that often there are thousands of these six footed tracks 


mingled In grand confusion on a single trail, it seems to say 
toe least, a very imsh and artlfldal theory 
Forel on the other hand supposed that toe chief Importance 
resides not In the trail Itself but in the space to toe and 
to toe right of it , It Is his Idea that through repeated journey 
Ings over toe same road toe socoesslvely encountered objects to 
toe ri|^t and toe left of the trail gradually caused toe ants to 
icgaire a certain sum of associated topo toemlcal engrams 
In other words they gradually form a map of toe path outlined 
by the objects to rii^t and to left to the front and to toe rear 
Naturally, therefor^ when part of the road Is suddenly 
whirled around so as to point in reverse directions toey are 
Inevitably disoriented, since the odor forms enoountmd to left 
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and to right no longer coincide with those recorded in memoiy , 
In my opinion even this briUtant theory Is not entirely sat 
isfactory I therefore determined to study this remarim 
ble phenomenon under variable conditions so as to be able 
to analyse It more predsely My experiments which I have 
designated os a Mnemonic Investigation consisted In causing 
ants to make Journesa now over a path known to them (In 
Forris sense) and now over an unknown path so as to ob 
servo their manner of determining direction For tots purpose 
1 made use of a colony of the shining black LaHu$ /uUpinottte 
which travel almost exclusively by means of odor trails, dlvld 
ing them into two parts A and B Part A was placed In a 
temporary container and part B established In an artificial 
observation nest whose glass exit tubes opmed upon a narrow 
paper bridge 1 meter long (Fig 8) Ihls bridge ran acroM 
the center of a circular experiment table to a small platform, 
Pi The central portion of the table together with the portion 
of the bridge crossing it could be revolved 
In order to study a purely olfactory orientation It was neces 
aary to exclude all other kinds lx ginning with optical orleu 
tatloD lo this end I worked Indde a dark tent having bladt 
walls and celling and provided wlHi ‘bipolar* Illumination, 

< € having two sources of light placed symmetrically to the 
right and the left of the table across the axis of the bridge 
With this method of iUumination It is obvious that an ant 
travelling from the center of the bridge must receive strictly 



symmetrical light Impressions In both eyes, whose sensory 
localisation remains the same whether It travels towards the 
nest or in toe opposite direction tons no relariue direction 
would be Indicated by the source of light 
1 placed honey upon the platform and the ants promptly 
commenced a brisk expedition towards It which was in full 
swing a few hours later I thereupon made the following 
experiment 

1 By means of a lead pencil 1 took up ants on the platform 
which were sated with honey and ready to return to the nest 
and let them descend in the middle of the bridge, but headed 
In toe wrong direction Result All the ants continued for 
a time In the wrong direction then stopped ran back and 
forth a few times In each direction and finally set out deA 
nltely towards the nest Thus they seemingly acted aooordlng 
to For^ 8 hypothesis— as If trying to ascertain toe topo-chem 
leal succeeslon 

2 The ants were allowed to descend nearer the neat The 
same result but the right direction more qnldkly found 

8 D e sc e nt In middle but headed towards nest Only a flew 
w a vered, toe others following toe rl^t direction hedtatliiidy 
at flrat, but with Increasing certainty 
n I repeated the experiments with ants from A, to wMA, 
of course^ the bridge was quite unknown To seenre a vnl 
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form rtactlou 1 took only unta already tarolng larvae, wboas 
fcoal wuB obvloufl4 tb( neat liesult the aame t e mlacakea 
dln(tion at drat, legularly followed by a correction Hence 
thU oil actor} orientation cannoft be baaed upon the exlatence 
of u i<»po-chci]]lcal engram Hucceaaion and WaamaDQ too la 
wrong, atnee the correct dliectlon waa never found until te- 
piQtfd wavering In the two dlrcctlona had occurred 
111 1 next replaced the lioucy by a quantity of larvae, which 
the auta at once began to carry to the neat 1 was aatnnlahed 
to find that Dow all the antu which were headed wrong when 
they desetDdid continued In the false dlrertlon without the 
idighteat wa\erlni — in other words Jn journey a in which the 
brood Ik tairltd for a long period of time an olfactory Indlia 
tion of direction to Ik entirely lacking Ihla was c^en 

more apparent when 1 put the lanae on the middle of the 
bridge Instead of on the platform ihe ants coiulug from the 
neMt stopped short when they got to the pile of larvae, ran 
around It, finally selaed one and started home But fully half 
went In the wrong direction and arrived at the ydatfonn where 
they hnnted a long time for the door of the nest, and finally 
turned back t(»wurda the neat or else became hopeleuly con 
fused (It must be recalled that all these experiments were 
conducted In the dark tent with bipolar lighting ) I then 
placed a 'breastwork of stiff paper (5 mm high) on one 
side of the bridge this was at the left of the anta leaving the 
neat — at the right of those returning I left this landmark 
standing -1 days and then repeated the experiment with the 
larvae In the middle This time not mure than a fourth oi 
n fifth of the ants started In thr wrong direction and most 
of these corrected themsehvM as soon as the iinh nnae chant e<l 
to touch the landmark These ^foppe^ short atrnck square 
ncrora to the other aide stopped again and turned oboutl 
rhia remarkabU proceeding was so con^lautly repeated that 
all Idea of chance is excluded I then removed the landmark 
and at once fiO per cent of the Insects went wrong only a few 
turning about or ever stopping This evidently proves that 
ofi/t tan dutiiiffuuih the topo chetMcal impMtiom upon the 
left side of the bodp from thoee on the rtpH Aiid Shot they 
are capable of aeeooMinp such constantly looalieed one 
sided imprfssiorts leith direction 
J next repeated Bethea reversing experiment upon my 
bridge path with the following modiflcatloni At the 
west end and the platform end of the bridge 1 traced mo\ablc 
strips of paper equal In width and increasing succesalv^y in 
length After the travel had continued to pass over these for 
sev^al hours I first nwersed each strip where It was and 
then exchanged two strips, one of which was re\er8ed while 
the other was not The results follow 

1 In this case as In the memory experltnenls the Bethe 
phenomenon Is entirely negative in the iirood expedition 
since all of the ants continue to travel without the slightest 
pause In the same direction both o\er the reverse strips and 
over the lat^cbange strips 

2 On the other hand the phenomenon in entirely positive 
upon the food expedition * though with the following Impor 
tant peculiarities 

a Contrary to Bethea supposition there was a strong reac 
tion when the nest-strip was exebonged with the platform 
strip but wlithoat either being reversed • 
b The reaction Increases In pfroporilon with the increasing 
Ittigth of the reverse section of the trail 
0 It Is more marked after the exchange of the reversed 
pieces than after the mere reversal In the aame position 
d It Is more Intensive at the nest end than at the foo<1 end 
e nnallv In both places the ants travelling from the nest 
towards the food constantly react more Intenalvely than the 
home-returning anta 

In ray opinion all these facts can only be explained by the 
hvpothesls that the odor comptem of the ant trail emhibiU in 

nhls eonUadtetiQa ts Btthss ixsnlts may bs explsiatd by ths fact 
that In my stperimanto tbs two ssettoqa wm moeh farthsr opart than 
In Bothos esperlmooto 


the course of sis ootUinuity a successive deoreaee of intenssiy 
of certain components^, and this apparently in both dirsoMoM 
Upon leaving the nest thousands of ants carry with them the 
uest odor clinging to the feet and antnmae and jvlth gradually 
diminishing Intensity, while on the return trip they carry the 
lioney odor In the same manner Hmice there is a strong 
nest odor near the nest and little or no honey odor, while at 
the goal the comparative InUoMty of the two odors la reversed 
Thus If we reverse a seitlon of the trail In the vicinity of 
the nest the anta arriving there from the nest will suddenly* 
perceive a strong variation of intensity the longer the re- 
versed section, the greater being this variation If in spite 
of thlH they cross the reversed piece, Instead of an Increasing 
homy Binell they wHl detect an IncreaslDg nest smell, which 
N iHuind to disorient them complctdy In the nel^borhood 
of the honey the case will be similar with respect to the odor 
of the latter bnt the honey odor Is probably mucdi leu Intense 
than the smell of the nest In which the ants spend a greater 
part of the day Furthermore in the neighborhood of the 
goal the ants are no longer capable of reacting to the same 
to the smalleat variations of the intensity partly be- 
cause of the fktigue of the organs of smell and partly becan^ 
having completed the greater part of the Journey they are 
mon confident of the matter In this manner we can explain 
the much slighter reaction of the ants In the neighborhood of 
the {,oal compared with that at the door of the nest The 
ratniiory Impulse will be much more effective In the home 
coming ants since all of these have already croased the road 
on the outgoing Journey and are probably therefore in the 
poaseKSloD of certain actual engrama both of the general topo 
chemical constitution of the path and of Its length On this 
acH-cmot It la no longer necessary for them to follow the trail 
with their antennae so slavishly as upon the outgoing journey 
and for this reason the more delicate variations of Intensity 
In the conailtutlon of the c»dor trail may rtodlly escape them 
The matter is issentially different In the case of the brood 
expedition * Here the odor of the goal Is the odor of the 
larvae and consequently because of the transport of the 
latter the whole trail will exhale this odor with the same 
strength as that of the goal Hence all sections of the path 
will gradually acquire a cnmidetely homogeneons brood smell 
which will show no perceptible decrease of Intenaltv 
either In one direction or the other 

But the olfactorv factor is only one component — though 
a very essential one — of the romplex mechanism of orientation 
The other factors involved we shall now examine experiment 
ally in the orientation of Individual expeditions 

2 Orientation of Individuals 

Forel blinded the eyes of red ants by covering them with 
black varnlah and found that the Insects thus treated had 
great troubla la following the troll constantly wandering to 
one side Doth Forer and Fabre^ agree, furthermore^ that the 
armies of the Amasonlan ants {Polyergus rufesoens) when 
leturnlng from their raiding expeditions are not affected by 
ftoodlQg of the ground In the neighborhood of their dwellings 
Miss Fielded noted the same phencunenon when she forced 
home-oomlng ants to swim by covering the ground with water 
All these authors came to tbe coDdusiem that sense of 
^Ight or at any rate a certain degree of vlgual memory 
of locality plays an essential part In calentatlon, at least 
with the kinds of ants mentioned 
It has long been known, too that ants often make tingle 
oxpedltlona, aometlmfs of conaldcrable extent from the nest 
but It was suKKised that these single wanderers followed their 
own trail back This unfounded supposition was first efxp«1 
jn^tally disproved by the French pgy^ioloclst H Pldron** 

vponl FonnaU ds la SnlM Genera 1874 
•Febre Oouv Bntou 11 Paris Magnvs 18T9 
WlsMe Bsperimsats vHth Ants Indiiotd to Sirlai Free Asad 
Nat Bdeam, Fhflada^Ma, 1008 
*PMroB Do Role da Bm Muss dans lOrlentatloa dss WonnSs 
Biril l«t G«a Parep 1004 
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remoTed MJXtM timralUng Mogly hraMirwU from a ilv«n 
point X to a aeoood point Xi, aovorat metera to ono aldo (Fig 
4) Tha antathua tiwwported ptacUMy cootkmed the Journey 
no looger in the diractton of the neat but In a direction exactly 
parallel to the one otlglBaily followed until they bad covered 
an amonnt of dlatance which on the original path would have 
brought them to the neat they then begun to describe con 
• fuaed 'concentric curves* aa if seeking the neat In other 
words they behaved exactly aa if they had an Intmal com 
paw by means of which to find the absolute direction and 
llkewlae a pedometer to indicate the distance cohered I 
This Interesting phenomenon led the Algerian englnier V 
Comets” to study individual expeditions of anta He em 

Ne 

< 53 * 
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ployed the graphic method marking the course pursued by the 
inaecta upou the ground) making precise measurements of tlii'^ 
and reproducing It geometrically on a reduced scale thus ob 
talnlng an exact representation of the entire Journey Thi 
first thing discovered by him waa the fact that the Indlvldnel 
travellers do not make use of a scent trail since the ground 
in front of them can be thoroughly swept by a broom without 
causing them the least concern The expedition it by no 
means an irregular wandering about but oommonly hat a 
definite main direction, to whlrii the Inaect returns with 
great precision after occasional wanderings to one side or 
the other The return tnp U never identical icith the outgoing 
MPt though lying not fkr away and being in the main parallel 
It sometimes occurs though rarely that In the course of the 
Journey an ant goes in two or even three different main direc 
tlons which are nsually perpendicular to each other But on 
the return Journey the diagonal of the triangle or polygon Is 
never taken but the various main axes are successively fol 
lowed In the reverse arrangement and for approximate v 
equal diatances When the ant has approached the nest within 
a certain dlatance (whirii varies in length) it usually aud 
denly abandons tbe main direction (which is commonly some 
what erroneous) and starts more directly towards the nest 
generally however, it goes a little bit past the mark and this 
requires a freoh correction This may be repeated several 
times so that the ant Is really endrdlng tbe nest with con 
centric curves which grow constantly narrower until flnallv 
the entrance of the nest Is found It Is Intereating to note 
that these correctiona always succeed eadi other In the some 
direction from the given point (but only from this point) 
If for evample an ant whldi has corrected its path from 
Y to Z (Fig 5) is put back to the point Y It returns to Z 
but if It la put at any point off the road between Y and Z It 
will run at random in any other direction ” 

The parallel course observed by PlAron has been noted by 
Oornetg In the deepest forest shade or after transportation 
from the sun to the shade or vice versa On the other hand 
the lAenomenon is nsually entirely lacking when the transpor 
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tatlon away from the nest Cornets alwa> s found the ants to be 
entirely disoriented, with tbe exception of a aln^e case which 
occurred as follows An ant trail ran squarely across a country 
road the nest was situated under a stone at the edge of the 
sidewalk When Cornets sought the place a few days later 
the trail of ants had all gone In He picked up a few ants 
directly at the entrance of the nest and placed them in the 
middle of the road a few meters to one side of the previous 
trail The ants ran at once back to the curb In a direction 
exactly pamlUl to the old trail and then turned to tbe left 
exactly as the first trail had dont 
In spite of tbe admirable qualities of Gornets as an ob 
Ber\cr he falls in interpretation ThuiS we find him 
uttering tbe following amaxlng oplnioD 

The orientation of individually wandering ants seema to 
be Quito independent In principle of any sort of sensory con 
tlnuatlon points in the external world They seem rather to 
follow b> means of some unknown absolute Inner tense of di 
rectloD, a course which li established In the sensorium of the 
insect during the outgoing journey and which enables it to 
follow such a previously obtained absolute direction even 
after the lapse of sef^eraL days 

IhlB view bus recently been attacked and refuted by Dr 
SanlBchl” a mynnicologlst living In Tunis hantsdil bdlevet 
that every oriented locomotion is necessarily related to some 
source of stimulus In the outer world When therefore an ant 
which has been removed from point X to Xt Inraiediataiy re- 
sumes Its former direction there can be only one logical ex 
planatlon namely that the stimulus complex which is tropic 
ally efficti\e at X must be present also at X| in exactly the 
same special relation to the sensory peroeptlOD apparatus of 
the animal We have such an omnipresent tropical sUmnlos 
coming from the same direction at any given place in a source 
of light particularly the light of the son Bverythlng which 
we know In regard to the anatomy and physiology of the 
ojes of Insects appears to Bontschl to favor the hypothesis 
that individually wandering ants orient themselves by light 
We have seen tliat facetted eyes are chiefly adapted for 
seeing motions % e r^tlve alteratloos of locality in the 
retinal image If this is correct they appear to be also 
adapted to tfic localisation (during the movement of the bodv 
In a straight line) of large distant stable objects or distant 
direct sources of light in an uncommonly exact manner 
Thus in order to ketp to a definite straight direction the an 
Imal only needs to keep the Image of the sun in certain 
facets And furthermore If It so places Itself upon the return 
Journey that the image of the sun constantly strikes tbe dia 
metrically opposite corresponding facets of the other eye It la 
dear tftat the return path will be parallel to the initial path 
and wlU therefore lead pretty nearly to the starting point 
From these premises Santschl formulated his brilliant theory 
as follows 

The facetted eyes of ants act In a measure aa light com 
passes, thus enabling than to pursue a given direction In a 
straight line and also to return wiUi certalntv to the starting 
point The method of operation consists of an exact sensor) 
localisation of tbe source of light during the outgoing Journer 
and also during the return Journey by means of a sensory re- 
version of the said localised light Impressloa upon the dIa 
metrlcallv si^metrloal sensory surfkces Tbe parall^ Jour 
ney observed by Pldron is nothing more therefore^ than a 
virtual orientation towards the source of light Among tbe 
numerous experimental facts by which Santschl supports this 
theory I will quote only the mirror experiments ” 

In the path of indlridual home-going ants SantsChl shaded 
the terrain by a large screen and then projected the Image 
of the sun to the other side by means of a large ndrror Tbe 
result was always the aame-^-the Inaect Immediately turned 
about and ran In tbe opposite direction, f e away from the 
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Dent as long as the tolae sun s^as stalnlDg If the inlrror was 
so turned that the false projection of the^aun was at right 
angles the ant followed a corresponding direction at right 
angles to Its former one 

Bat Santflchl waa not the first to prove the orientation of 
ants by light, though he aavc it a more exact phyalologlcal 
basis Uore than thirty years ago Lubbeok" ahowed that 
ants ItDmedlately reversed their path when the source of light 
is reversed 

1 have obtained similar results by other methods Over 
an ant whl<^ was running across a playground covered with 
sand In a direction almost evactly oE^KHlte the snn I placed a 
■m fl t i round cover 1 kept the ant captive exactly two hours 
when I removed the cover at five odock the ant waa resting 
nmtlonlesa in the center of the little cover It turned Itsdf 
alowly about and travelled again almost In a straight line 
over the sand In the direction of the flower bed at whose edge 
Its nest waa situated But the line of the return path devi 
ated from the outgoing curve by 30* to the right, 1 e by 
exactly as many degrees of an arc as the aun had travelled 
to the left In the firmament during the two hours which had 
elapsed (Fig 0) I repeated the experiment varying the 
time In every case the angle of deviation of the return curve 
corresponded to the solar angle oonctmod, with only a very 
slight amount of error It Is not surprising that the ants 
should not have takaL Into account the time of their imprison 
ment and the fact that the sun had travelled farther across 
the firmament In the meantime— on the cohtrary it would 
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be finite wonderful If they were capable of arriving at this 
logical condasTon 

On the other hand this fixation experiment fklled almost en 
tlrely in predady those varieties of the apedea Formica which 
are provided with the best eyes and which also stand the high 
eit phaychologlcally These ants resumed their former di 
rectlon after the fixation without perceptible deviations Many 
other things Indicate also that those ants usually orient them 
selves on their individual Jonmeva in a much freer manner 
than Is compatible with the light compass theory I rarelv 
succeeded with these In obtaining a typical parallel ]oume> 
espedally when the latml removal was only a few meters in 
extent dnee in this case the ants not seldom caxkcelled the 
lateral deviation by a corresponding cross course In short 
the Impression was obtained that the distance orientation 
was here largely secured by differmHated vinM oomplesaf, 
poMlbly by the more w less Indistinct perceptloii Of certain 
large objects at a digtanoe, audi as trees and hooses, with 
whose position that of the nest was associated This hypothe- 
da is favored by the reaulta of certain other experiments 
which I undertook with the Formica MogiiiMa, orlgfhaUy 
with the puipoee of studying the influence of kinesthetic angle- 

•Aats and Wasps London Ifti' ** ' " 


regigtratloo 1 drove certain ants away from the nest forcing 
them to go to the left npoa the above me ntleaed ana of sand 
and obliging them by my hands to follow a patch carved In 
a certain definite mannar whldi I had pnvloasly drawn In 
the sand To my sorprlse after accomplUhlng sudi a ^forced 
Journey the ants always reCarned at once and In the most dl 
rect line to the nest, althoo^ the point where 1 let them go 
free was often quite fir from the nest-^ to 84 meters* andi 
the return Journey was made after a right angled fturced Jour 
ney, not by meani of succesaive reverdons of the two legs of 
the way but in a diagonal dlrectlGD, i e with a direct com 
pledon of the polygon (Fig 7) 1 then forced the ant to 

follow large curves, or, In other cases, very oompUcated many 
angled curves Including many oppodte directlona. In the first 
lasts the return was made promptly along the secant and 
In tho second cases along the approximate resultant of the 
original curves i e pretty directly In the direction of the 
nest When the ants were transported directly to the end 
of the curve without having previously followed It they ap- 
peared to be completely disoriented — a proof that the dlrec 
tion Ingram concerned was actually obtained during the 
forced Journey I then blinded several ants and took them 
over a simple forced Journey consisting of two axes they 
were absolutely incapable of making the return Journey only 
a single Insect making a laborious attempt to go back over the 
second leg of the way Hence the diagonal path taken cannot 
be based upon a complicated association of kinetic angular 
tngrams Finally 1 made an ant lake a forced Journey having 
two axes and of very great length, extending far beyond the 
sandy area The result was that the Insect did not at first 
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take ihe diagonal, but reversed the second leg of the Journey 
but suddenly corrected Its course, on reaching the gaudy area. 
In the direction of the nest 

The question arises Do ants poasess an individual memory 
of locality based upon successive associated engrams as has 
been proved to bo true of bees^ Oomets has denied the 
existence of guch a genuine memory of locality, upon the 
ground that after being carried away from tbe neat ants are 
always compleMy disoriented Da the other hand I can offer 
In the support of this theory a whole series of ctMervations of 
Formica la whldi these ants after being carried to a dlstan e 
of 80 m almost Immediately reoriented themselves upon 
the diortest path towards tbe nest It la tyue that 1 did not 
place my ants at some chance place selected at random, but at 
a location whUh had previously beui frequently visited by the 
colony In question, so that It was to be expected that nnmerous 
ants would possess Individual engratna of It Naturally, 
however, I did not conduct the axpertments until these visits 
had been entirely Interrupted for some weeks and I also took 
every precaution to exdude every posdbaity of die presence 
of any odor trail to gnlde the Insects 
I maintain, ther^m, that we most attribute to iheee crai 
turee a gmiulne even If Usalted-^mematy of locality, baeod 
upon sucopsslve aandated engrams of direction, 

But we have not yet ezhansted all the means of orientatlen 
of which ants may possibly avail themsdvea, not at allt We 
^stiU have an Imp^tant group to be coasMers^ i e the 
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JliMvtJMio 0 / d4ir9ctUm It hu long been a die 
sated Qoeitioa m to wbether Inwcti are capable of feeling the 
force of gravitgf and thla hae ganenllj been denied In view 
of the extrenMljr email weight of their bodiea and the com 
paratlT^ enomiona muecolar power which they are capable 
of exerting It la my good fortune^ however, to be able to 
otter proof that ante are not only capable of perceiving mod 
erate elavatloaa of the terrain by purely klneathetlc meana 
.hot that they are alao capable In case of neaialty % e when 
all other aigna of direction are excluded of orienting them 
advea merely by thla alngle^ meagre klneathetlc engram 
1 proceeded as followa To the edge of my large expert 
mental table X attached an artificial neat containing a amall 
colony of F ra/a The exit tubes of the nest gave upon the 
top of the table This taftfie la so conatructed that Its top can 
be revolved In every plane of quice and all Its axes of move- 
ment are exactly centered In these experiments the table 
top WEB Inclined at an angle of 20* to begin with In such a 
manner that the ttitrance to the neat waa at the deepest 
position The ineecta had to crawl upwards to reach the 
honey which waa In a round bowl at the center of the table 
Since the experiment wai conducted In the dark tent with 
bipolar lighting described above orientation by light was ex 
duded I walled till an ant was seated at the feast of 


hooey and then noiaelenly changed the slope on the table top 
to the oppoahe direction, so that the nest waa now above 
Having finished hla feast the Insect started home, but waa met 
by an unexpected puasle I In all cases the ant first spent con 
slderable time running back and forth ondeddedly in both 
directions for a few centimeters each way always returning 
to the honey (It la Interesting to note here the difference 
between these ants and the Lasiui of the bridge experiment, 
which usually ran straight ahead in one direction — the dormice 
seemed on the other hand to be obviously oonsdons of a 
dilemma ) > tnally however in every case the insect decided 
on a dirtctlon and all of them roa downward* wUhout e» 
ctption almost exactly to the deepest point where they de- 
scribed narrowly limited carves for a long time quite os if 
they wtro actuafiy seeking the disappeared entrance to the 
neVt! 

Thus they had actually accomplished a virtual orientation by 
means of gravity * I must forego the dting of many interest 
ing data bearing upon this complex theme I trust however 
that I have convinced my audience that the distance orlenta 
tlon of ants Is an uncommonly complicated phycho^hyslologlc 
al process Ihu^ comparative psychology has here become 
an exact science — the comparative physiology of the Individ 
iial Mnemo 


A Geatless Electric Locomotive 

Details of the 3,000*Volt D -C Locomotive of the Chicago, Milwaukee and St Paul Railway 


In the SriraTinc American of December 0, 1010 there ap- 
peared a nartlcle on an Interesting tug of uar between 
a giant electric loeomotho and two steam lofoniotIvcN 
Bather it was a push of war for hud a pulling teat bcc ii staged 
the draw burs of the locomotives could not have stood the 
strain In the test the electric locoimUlve came out vlcto 
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rlouH <v^n though the vteam locomollves were given a head 
^urt <w) ns to enulili tlum to attain their maximum horse- 
liowir When the curMit was turned on the clootrtc unit 
traduall^ sloped liown the stinni Iw'omolives and then partied 
them buik^vurd vilth acceUmtlni, 

The big €le**trlc locomotive was one of a set of 8 000 volt 
direct current locomotlvea that an now being placed foe pas 
senger service on the tuheilo Sealtle-laoonia electric sone of 
the Dhicago Milwaukee A St Paul Rallwav 

Ihe original ilc'ctrlflcntlon from llarh^wton to A>er> 440 
miles has now been operating for n numb< r of years under the 
ixtnniolv bad weather coIldltlon^ of the Rockies and Bitter 
Root Mountains and u rt«»ult of Its anqualifled success 
the same system will now be to meet the severe grades 
and snow eondUiotiB of the Comide IhuiLe The entire equip- 
ment for the original electiificatlon whm manufactured by the 
General Electric Company lneludin(» Hubotationi and locomo- 
ttvea The imdlve power cxaiblstcd of 42 loetmiatlves for 
freight and passenger service and four switchers Of this 
original equipment the freight and passenger locomotives 
were practically the same and differed from earii other only 
in the gear ratio between motors and driving axles 

The new locomotives are an entirely different design biilH 
distinctively for passenger service and possess some very In 
tereoting mechanical and electrical features They will be 
used on the new (Cascade rteotrifiratlon strictly for passenger 
service and the present pavsenACr engines will bt adapted 
for freight service b> changing the gear ratio The locomo- 
tives arc of the bl polar gearles^ t>pe with motor armatures 
mounted directly on the driving axles In this fundamencal 
feature^ they follow the design of the gearless locomotives 
In use on the New York Termkinl of the New York Oentrel 
Railroad which have given remarkable <3pmt\ng results dur 
Ing the past ten years The chief advantage of this method 
of ooDstruction la the great simplicity of mechanical design 
which eliminates all gears, armature and suspenston bearings, 
Jackshafts, side-rods or other transmitting devloea Ths re- 
markably low cost of malnteDance of the New York Oentnl 
locomotives over tbe entire period la attributed largely to the 
searless type of constructloik 

The new Ohlcagts Milwaukee & St Paul locomotives weigh 
205 tons with 220 tcMu on drivers niey have fourteen axles 
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hlgb at 60 miles per boor vfaldi is ths limit of speed on the 
length of test ^nek STalUble These tests else tadloite ihet 
the locomotive will operate at much Ugber spe eds with eenal 
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twelve of which nre driving and two guiding axles The 
weight of the armature and wheels la the only dead weight on 
the track and this is approxliimtelv OSOO pounds per axle 
lha total weight on drl\frs (458 000 pounds) is 80 per lent 
of the weight of the lotomotlve but being dfstrlhnfed stnotig 
twelve axles results In a weight of only 88 106 pounds per axle 
One of the most Interesting and Important features of the 
locomotl^i Is the design of the leading and trailing trucks 
and the method of suspension of the cab tielKht upon them 
The iuicesshs trucks are coupled together in ^cb a \vh> ns 
to deadbeat or break up any lateral oscillations which may be 
caused bv toeunallttea of tht tracic Ihe weight of the main 
cab is BO supported on the front and rear tmek«i that anv 
Intel al tfaruat or kick of the leading or trailing wheel ngnln^t 
the track is cushioned bv tbe mo^enrnt of the main lab 
which increases the wvigbt bearing down on Ibo wlic^els at 
tbe point where the thrust occurs and dutomatlcally leacts 
to prevent any distortion of the track The riicnU of this 
design Is such as to give riding qualities at Jilgli speeds 
which ha%e probably never been attained before in *i doubl*^ 
ended locoreMve Fxliaustlve teste on the Qeiuml Electric 
Oompanys test tracks at Erie, Ta have d<>viou tiateP the re- 
markable riding qualities of the new locomotive ut Bjieeda as 


T6 ft 
68 ft 
07 ft 
18 ft 


The locomotive Is designed for luindlliig In nonnal serrioe 
a 12 car train weighing 900 tons traillnf against a grads of 
2 per cent at 20 mph This perfbrmanoe requires OOjOOO 
pounds tractive effort which Is equivalent to a coeffldent of 
adhesion of 128 per cent of the wc^t upon the driving axlet « 
The wide margin thus provided between the oporating tractive 
coefficient and the alipping point of the wheels as w^ 
as the ample capacity of tbe motora, will allow this Ixomotlve 
to haul trains wiOi as many ae fourteen cars in emeigenclea. 
For continuous operation, the locomotive is designed to operate 
at 42 000 pound! traottve effort at a speed of 27 mph 
Tlie total weight supported on drivhig axles la practically 
tbe same as that on the present geared passengir locrmoilves, 
weighing a total of 800 tons The table below es the prlu 
clpal dimensions weights and capacity of the geaileas loco- 
motive 

l^igth inside knuckles 
T ength over cab 
Total wheti baae 
Rigid wheel baae 
Diameter driving wheels 
Diameter guiding wheels 
Weight electrical equipment 
Weight mechanical equlpmeut 
Weight complete Incomothe 
W< tght oil drlvera 
Weight on guiding axle 
Wilgljt on each driving axle 
Number of motor* 

Due hour rating 
CoutlDunus rating 
liacilve effort>— I hour rating 
Itnrtlve iffort — oontimious rating 
liactlve effMt— 2 per cent ruling grade 
with O0O4xm train 
C/oeffirient of adheolon lulltig grade 
Starting tractlvt effort— 26 per cent coef 
flclent of adhesion 110 000 lb 

Rate of acceleration startInK 2 per cent 
1 ullng grade 0 48 m p h p s 


0 In 
0 in 
0 in 
11 In 
44 In 
86 in 
2S0000 lb 
200000 lb 
OSOOOO lb 
468000 lb 
86000 lb 
88,166 lb 
12 

8240 hp 
2700 bp 
46000 lb 
42 000 lb 

60600 lb 
12 3 per cent 
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Ihe CKMrtroi oqu^pment for ttie ww liwimiotlve la almllar In 
most reapecta to that uaetl im the original locoiDoUvea which 
ha\( now lioin operating neaih fmii xinra ModlflcotlonH were 
of course nereHMar> to loiiiph with the dlfTmtit anangenieiil 
of motors AdAantOKi Js taWen of u luw Mhetne of cmuiet 
Hona hr moons of which foui of the main Licoinoti\t motora 
lire utnired to furnish exciting current durlni, ref«enerutlon 
thus reducing the sire of the motor ^em mtor s t its d for con 
trol accessailoH and trahi lighting An niipret table reduc 
tlon In the weight of control c*qulpnient la obtained ut the 
same time provhllDK for cirectl\e regenerathc eUntilc hiak 
Ing on the down grades The inutoi generator set funilshcs 
control current for operating the lontractora and for charing 
an 80 volt storage battery which supplies lights and power 
for the accessory apparatus The batter> la in general slnil 
lar to those used <m the passenger coachc s Tlie mastei ccmi 
trolled Is coustmeted In three bcetlous arranged for both mo 
torlng and regenerating all of the cjlindeis being suitably In 
tcrlocked to present tac^irrect manipulation 
Ibe motor Is bipolar two flelds being supported upon the 
truck springs wMh full freedom for vertical phiv of the armo 
ture between the pole faces On pa^e CT Is shown an outllnt 
of the locomotl\c and one of the motors In section indi 
eating the location of the armatures and the magnetic section 
For full speed operation the tw^\e motors are connected three 
ill series with 3 000 ^olts per commutator Control connections 



are also provided for opciatlng four six or twelve motors In 
series Additional speed \arlatlon is cA^tulned by taj^ptug the 
motor fields In all combinations Cooling air for each pair of 
iiMgora Is supplied b\ a amall motor-drhen blower Tbla ar 
innf.«iiicnt avoids the hca>y diut losses encountered with a 
single large blowci 

As may N seen from the curves herewith the gearUss loco 
motive rtiows a raadi better eflleleney at high speeds than the 
geared type owing to the ettminatlon of the gear drive In 
liassinMr seivlce where then are lon^ stretches of level 
tiatk aiMl stoppUik points an oomporatlveb few a much 
hlfkhei efflchnc> lb olrt^alncd hi alt da> service These curves 
show un efflclen(\ nt 50 miles pei hour approximately 10 per 
edit lilkhiT than the geared npc of locs>motive 

riic ^ 000 volt csmtactnrs and gild nsdstors are mounted In 
till uir\ed end cab at each eial of Ihi locomotlxe In one of 
these mbs thin Is also located the 3000 volt dc air compres 
hoi mid MiomM liAtUn Tii the othei Is lotnted a small motor 
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flroncrator set and the speed circuit breaker The oper 
atlng cabs coDtam the mastir controllor IndlcatlDg Instru 
ments end a small air compressor (in No 2 cab) operated 
from the battery drcult with suffleient capacity for raising the 
pantv>fcniph when first piiMni, the locomottVL In operatfem 
N(>ar the oontroller aire the usual air bmke handles for stan 
dnnl braking equlpnunt 

1^ center cab Is occupied by the oil Aral steam boiler for 
heuflng passfngir trains with acctsHoile^ Including tanks for 
oil und wat<r circulating pumps and a motor driven blower 
for furnishing forced draft A slider pantograph similar In 
construction to those now In use Is mounted on each of the 
op rating cobs Ihls pantograph has two sliding cH>nrHCt 9 
kMng a to^l of four points per slider with the double trolley 
Ihc pantograph and flexible twin trolley construction enable 
the loromatJves to ccdleet ciurents ns high as 2 000 amperes 
at speeds up to 00 mile* per hour without noticeable arcing 
at the conhnt points The wond paTrtcuft*tpl> held in re- 
nt rvt ns a «»pare Sand Iwixts with pliss leading to each 
imlr of drivlnx wheels au lixutcd dln*ill\ l>encath th( panto 
kmpli outsldt the opomting cub 

Iht fllafemni alwye gi^cs a profile from Seattle to a point 
niKuit 1000 iiillcB east includlii^ tlu Cuscadt electrification 
tiu llurlowhm A^erv doclrlfliatlon and the Intervening 220 
iiiIUm Iho new Imoimitlvty will cerate over the secSIon be- 
tween Othello boatth and iaooma including 17 inlhs of J2 
tHi rent *,radi fioni the Columbia RIvtr west and 30 miles of 
1 7 1 (lilt ^»radt. In tween ( edar I* alls and the summit of tht 

la^Kviiha The tmfflc ihN dUlsIon consists of the heavy 
niiln Hue tranviHitJneniliil pa^uuviger trains * Olympian and 
( nlumhlan cvurylnj^ from 8 to 32 stt<l passenger coaches 
which will be handled over the maximum grades without 
helpers freight pushers are alreadv in operation on the 22 
per cent gEUde using two of the locomotives from the original 
rl(M.tiiDcntion It N expected that cUcArlcnl operation during 
the iiresent winter will abslnt in overcoming many of the 
delays whlcfii art commoidv met with OuriDg winter operation 
in this district 
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Unto, recently steel oontalneiw ha\e been us«d Mnerallv 
for fuel oil Concrete had not been conslilered as a suitable 
material due to lack of evldenci and knowledge of its posai 
bilHies But the practical ellinlnatlon of steel plates daring 
the war forced the use of a substitute and reinforced con 
Crete has proved to be saUsCactory in many ways, if Ititelll 
gently handled 

For example It Is necessary to Install ipost fuel oQ res 
ervolrs undergroand, but ste^ tanks nwt If not protected 
CoDcrets can be designed better to resist exterior stresses 
as hydinsutlc or earth pressures It Im the dead vel^t 
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better to resist upward hydrostatic pressure in soils whldi 
often are filled with water It does not attnej; lightning like 
nor if properly oonstmeted Is it affected by eleciroly 
■is It is a non conductor of heat and coldf thus retarding 
evaporation of oil in summer and also retarding the lower 
Ing of temperature of the oU in wlnte(r*-an advantage in 
pumping In case of a oonflagratlon the oil Is mndi lato 
In a concrete container than in stert 

But aa previously stated oil reservoirs of concrete must 
be designed oorrectlyf the concrete proportioned oorrectly 
flnri mdxed end fflaced correctly In order to get satMaoSory 
results And by aatlsfactory results it is meant that there 
shall be no leakage or seepage when built or thereafter to 
cause fire liasards or financial loss 

When these necesslUee ha\e been provided for, rein 
forced concrete reservoirs will contain fn^ oil of a consist 
ency up to 40* B and practically all fuel oils are below 
this the Mexican oils ha\lng a specific gravity as low as 

10 B i^or the lighter oil% including kerosene, ga solin e or 
benrine some provision ehould be made for a lining of spe- 
cial material and the writer understands that the U S 
Shipping Board has been making some extensive experlmenta 
along this line 

ibe design and the location of a fuel oil reservoir may 
be consldired from \arIous standpednts 

(1) I ocatlon The roservoir should be located a safe dis- 
tance from inflammable stnictuns as far as possible consist 
ent with pvmptng roouJrementH covered with at least 16 
Indies of earth If near buildings to decrease fire hasards 
and also to minimize oil evaporation If distant from build 
Ings It should be at least half underground, and if possible, 
the e\ca\ated material should be used In banking up around it 

(2) Slse riu reservoir should be limited in size for two 
roason«i 1 irst the necessity of not exceeding s day s work 
Ing Unilt in o)h ration of pouring concrete so that Joints be- 
tweiD operations may lie eilmlnated and seoondly, so that In 
case of an accident or fire In any reservoir, that too much 

011 In storage will not lie involved This sire limit riiould 
not be our 800 000 gallons under most conditions and the 
niajoiiti <»f (vmtnKXoTs have not the fadlities to construct 
propirlv a nservolr of this capacity 

(1) shope ibc nicrvolr should be circular In Aape 
the (Httir and more directly to take care of Involved stresses 
and to avert dangei of tonsIK or timpen^ure cracks 

(4) It should lie so proporthini d and designed ns to limit 
the minibir of pouring operations <i/ concrete so as to avoid 
Joints b( tween Ihesc operations 

(T) Care should be taken to piovlde for all exterior stresses, 
such as hydrmtallc pressure from ground water earth pres 
sun on walls, and roof if re^rvolr is burled and also to 
avoid as far as possible contenlnilon of loads on walls or 
footings Where JolnlH an, absolutely necessary to so pro- 
tect these Joints that there will be no Lealoage through them 

Regarding hydrostatic pressure while englneera have found 
from tests that this pressure In soils la only about 00 per 
cent of the full head of water It Is not safe to design for 
stresses less than the full head as any dedecUon In the con 
creti admitting a film of water between the eartli and the 
concrete will produce the full hydrostatic pressure 

(6) To 80 design the reservoir piping and vents si to 
comply with municipal regulations and Insurance require- 
ments 

(7) To protect temporarily or permanently concrete sur 
faces so that oil will not come into Immediate contact with 
them If concrete ts less than six weeks old 

(8) To so design the false work for holding concrete tern 
porarily In place that H will not fall or be dMoited while 
plaring concrete It Is especially necessary to provide for 
the firm holding of wall forms ae the pr essure of several 
feet of concrete poured qniriay as a monnllth is inteos" and 
any give of the forms after the ooncrete has obtatned Its 
Initial set breaks up the crystals already formed, allowi 


jAZmABT, IMO 


BGIBNTiriC AMBRIOAM MONTHLY 


61 


pMftoa the coocret« iqmi, with reraltant poroiit 7 and 
lorn of atraisth. • 

(8) To dealga the coocrete ao that It will reaiat all ex 
terior etreaeoa to which It la nbjected and ao that it wlU 
he ofl p roof Aod one of the principal featurea of thla de- 
eign la to make the walla of drcnlar reaerrolra In tenaKon. 
aQ%ieatl 7 thick ao that the nltlmate atrmgth of the con 
Crete In tenalon will not be exceeded It la not meant, of 
coorae^ to leave ont the eteel reinforcement ao that the atreaa 
win theoretically be home by the concrete but neverthelesa 
It wHI actually be bome by U nedeae some nnforeeeco weak 
enlng of the concrete Mmuld throw it upon the steel 

An extended Investlgtttloa by the writer on high circa 
lar concrete atandplpea for water ahowed that If the concrete 
In the waU wu atreaaed beyond its elaatfle limit or ultimate 
g tr eng th which Is practically Identical vertical hair cracks 
win appear of anlDcfent width to admit water Into the body 
of the concrete 


the Joint Oommlttee on Ooncrete^ Plain and Belnforoed, shonld 
be followed 

AU reinforcing roda In concrete exposed to oil should be 
of a deformed section for better bonding value 

OOUmZNT feJfGIinCEBB AMB HSaSSOABT 

To carry out these reqalrements necessitates the employ 
ment of competent engineers experienced In the work, to make 
the design and spedflcations and to superintend conStnicttoD 

The concrete dmuld be no leaner than a mix oompoaed of 1 
part of cement parts of aand and S parts bn^un stone 
or grav^ To this mix should be added a densifler Hy 
drated lime has been found economical and satisfactory for 
this purpose using 10 pounds of dry lime to each bag of 
cement The stone must be hard and cleaop trap rock, granite 
or gravel being the best material The sand must be free froni 
any dclelerioue matter and should be well graded Oement 
should be of an established qualit} 
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This ultimate tensile strength In a 1 3 cuiicrete from 

tests made for the writer at the Watertown Arsenal was 
203 pounda per square inch Where the concrete is In large 
sectional areas and reinforced this tensile asrength probably 
will be somewhat higher 

If a stress not exceeding IW pounds per square inch Is 
allowed in tension there will be no danger of these vertical 
cracks appearing 

(10) To design the reinforcement v that It will take care 
of all interior and exterior atreases and with fittings to hold 
It rigidly in place while concrete la being poured Steal In 
tanitoi In walla should not be stressed over 10 000 pounds per 
square Inch to conform with Insurance companies require- 
menta 

Personally, the writer does not think that it la necessary 
to figure the stress as low aa this under usual condlttons, 
having satlafactoilly constructed many reservoira using a 
streoB of 14,0(X> pounds but of course the lower stress is an 
addftloiial safeguard against Inferior workmanship by In 
experienced cxmifSLCton and against any decrease In bond 
strength doe to oU panetrathui of ooncrete It Is probably 
nnwlae to dspaiC radically ftom Insurance oompanlM rec 
ommsndatloaa. 

Pqy other parts of the reservoir the reomnmendatlODa of 


Ihe concrete should bt depoalUd continuously In concen 
trie layers not o\er iiichts deep in anv one pln^c 

No hnak in time of o\t.r 30 minutes la lannlnslbie In de- 
IMisltltig conenti during any one operation and if any delay 
<K3carB the previous surface mu^t be ihopped up thoroughly 
with spades before the next la\er of concrete is deposited 

The different operations In pouring are 

1 The p/mring of floor and footings 

2 The pouring of entire wall 

3 The pouring of roof 

In small rcsanolrs the wall forms mav be supported so that 
the footings, floor and wall may be poured in one continuous 
operation 

An approved Joint or dam must be made between the floor 
and till wall 

When the materials aie Obtained thev should be mixed by 
a plant of sufflclent sloe and power to esrry out each separate 
pre-amuged operation without danger of delay during the 
process 

The materials should b« mixed ait least 2 minutes In the 
mtter uaiog Just enooidi water to obtain a plaatlc mix wUh 
out exceae srater coming to the surfttce after concrete ts 
depoalted, and a measuring tank should be used so that the 
amount of water may be kept uniform 






A Vacuum Pan for Laboratory and Experimental Use 

Directions for the Construction of the Apparatiu 
By F Alex McDermott, Mellon Institute, Pittsburgh, Pa 


I T frequeotly happetia in < xperlmenUl work that It Is 
desirable bo have Mxm aniall appai atmi for the purpose of 
evaporation of a liquid In a \acouinf whlcb will have 
charauttrlstlps rather neaier those of the large commercial 
niachlDM than can be obtained with a simple round l^ottom 
flask The apparatus which Is here described was designed 
to meet this need and has proven very satisfactory for a 
considerable number of purposes In copper and brass It can 
be made easily by anyone who can do soldering and has the 
use of a small screw cutting lathCf ur a slnople lathe and a 
ptpe-threadlng device 

The original apparatus shown lu the photograph (Fig 4) 
was oonstmeted of alumlniimp for use on add food products 
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such as fruit Julies where copper or hon could not be used 
on account of the attack on thi rnttal and con^uent deterlo 
ration of the flavor of the product In t^ls case^ the body of 
the pan conxiBted of a cyllnd^ of aluminum inches in 
Internal diameter with walls S/lfl inch thick closed at om 
end by a flat bottom ^ Inch thick and provided at the top 
with a flange 8/16 Inch thick ami 1 Inch wide making the 
total diameter of tim top 10 Inches The construction of an 
aluminum body tor suih a vacuum pan owing to the dlfflcul 
ties In the way of working aluminum with the tadllttes ordl 
narlly available to the amateur Is best done by those who 
are constantly working with the metal and In the case ol 
the original apparatus, was done by an outside uutenslls 
factory Ihc method employed appears to have been as 
follows a sheet of metal 8/16 inch thick was bent into the 
form of a cylinder 8 inches In outside dlametir a plocc of 
metal ^ lach thick was then spun out to form lh« bottom 
and a portion of the aldi, of the same outside diameter as the 
cylinder the seam la the cylinder was then welded together 
and the spun out bottom weldcMl on making a solid one- 
piece body the flange being welded on around the open e^d 
The body of the original aluminum pan Is 18 Inches deep 
Inside of which depth the weldiMl cylinder represents about 
10^ Inches 

For the amateur, copper construction Is much easier and 
for use with this pan a small copper body was also con 
structed as follows A fdece of riieet copper tinned on one 
slde^ and about 1/82 Inch thick was cut 6% inches wrlde and 
2^1^ Inches long this was rolled into a Cylinder eight Inches 
in dlametir tinned side in and a crimped Joint made at the 
seam a drcolar disk of the same coppo* 6)4 inches In dlara 
eter was then taken, and one eighth inch of the edge ham 
mered over to foim a flange at a right angle all the wav round 
the tlimtiiK ofl the side opposite to that dver whldi the 
edge had beSM turned This disk was then slipped Into one 
end of the copper cylIndOT as shown In the sketch (Fig 2) 
until somewhat more than one-eight of an Inch of the cylln 
der was exposed below the end of the tomed^nrer edge of 
the disk this projecting edge of Hie oUnder was then turned 
In over the edge of the disk and crimped down flrmU In 
place Of oouree a dished head of thicker metal, with a 
cylindrical estensloti to slip over the cylinder, could be used 
in place of the flat head to tome advantage In etther case 
the upper end of cylinder la flttad with a brass rinf % Intdi 


thick one inch wide, and 10 Inches in onUide diameter 
which litB snugly around the cyUnder all Ji^tits are then 
liberally soldered If It la dealred that only the tinned nr 
face be exposed to the liquid to be treated In the pan, this 
soldering should all be done on the outside of the pan , if the 
pen la to be silver plated inside, plain copper may be used, 
and the soldering pot on the Inside If a pan more than 6 
inches deep is desired It will be necessary to use much 
heavier copper, or to reinforce the body by toldering in a 
ring of % inch brass fitting Just inside of the cylinder at 
each four to five Imflies of the total height — i e, one such 
ring In a pan 10 Inches deep, two In pan 16 Indies deep, etc 
In the pan as constructed all heating arrangements Inlets 
and outlets etc„ are provided through the cover This was 
done to obviate the necessity for holes through the body 
which might be difficult to make tight The covet thus be 
cornea an Important piece of the apparatus It consists of a 
disk of the metal used (aluminum for the aluminum pan 
brass, plated if dedred for the copper pan etc ), % or 8A0 
Inch thick and 10 Inches in diameter In this cover are 
drlUod aevin hohs as shown In the drawing (Fig 8) , four 
of these are % Inch In diameter tapering very slightly to Hie 
under aide of the disk, and are to receive rubber stoppers 
liearlng Hie steam Inlet and outlet tubes for the heating coll a 
thermometer and a separatory funnel or other device for ad 
mittlng liquid to the Interior of the pan The other three 
holes are threaded to receUe one Inch standard pipe and are 
to provide for the vapor outlet and peep glasses In the orlgl 
nal pan all of the latter were made up from sheet aluminum 
of standard thickness, or of standard pipe fitHugs, which mav 
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be obtained In aluminum The peep glasses consisted of a 
circle of plate glass two Inches In diameter clamped against 
washers of 1/16 inch red rubber packing V4 Inch wide be- 
tween circles of the metal used 8/16 Inch thick and 8% Inch 
diameter using brass these circles could be made somewhat 
narrower 8)4 inches diameter at le&st The central hole in 
each was bored one inch In diameter, and the upper circle of 
the peep gtass was reamed out to a taper to 1)4 Inches at the 
top the bole In the lower circle being tapped for one indi 
standard pipe thread The two pfleon with the tnelnded 
washers and glass are hM together by six bolts with nutd 
and washers, spaced evenly and with centers ^ Inch from the 
edge of the circle 

The peep glasses (Fig 1) are mounted oa abort lengths of 
standard one-tneh plps^ projecting about % Inch on the 
under aide of the cover and a hexagonal nut, made from a 
piece of sheet alnmlniun or otimr outal used, la s cr ewed pp 
tightly against the cover on (bis ptojectim nipple to reduce 
the poe^lUty of leakage In of air when eochaiisted A stmt 
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lar lock nut 1» used on the vapor outlet pipe By placing a 
■haded electric light over one of these peep glasses the condl 
tloQ of the contents of the pan may readily be obsened 
through the other 

The vapor outlet Is arranged to have ample cioss section 
and to provide for connection by means of a rubber stopper to 
a surface condenser a vacuum break Is also provided in this 
connection In the original apparatus Ihe vapor outlet con 
slats of a vertical piece of one-inch pipe about 6 Inches long 
bearing at Its upper end a standard T with the side outlet 
facing outward at rl^ht angles to the avis of the body of the 
pan Into the upper open end of this 1 Is conencted the 
vacuum break— an ordinary stop^Kick ounnected by standard 
threaded pieces, and preferably so arranged that sny vapor 
which may condense In It when closed will not run back 
Into the contents of the pan lo ttie side outlet Is connected 
a short piece of the same pipe then a 4*5 elbow and then 
another piece of the same pipe the free end of which 1<« 
■lightly tapered to take a large rubber stopper A merenrv 
or dial vacuum gage may be connected at the vacuum break 

As a condenser the original apparatus Is used In connection 
with a multitubular condenser consisting of seven 8/16-lnch 
copper tubes 15 Inches long surrounded by a water Jacket 
this condenser has given very good results with this pan 
blngle tube condensers of either metal or glavs are usually In 
snflldent to condense more than a portion of the vapor of the 
liquid boiling under vacuum The outgoing end of the con 
densw is connected by means of a mbbw stopper Into a 2 
or 4 liter filter flfMk in which the condointe collects Direct 
connection to a wet tyi>e vaennm pump or to water Jet 
vacuum pumpa, la of course allowable when the condensate 
Is not to be saved for study 

The Interior heating element Is a simple flat helix of tubing 
>4 Inch Inside diameter having preferably a moderatelv thick 
wall say 1/32 Inch The flat coH Is so placed ns to be Just 
above the bottom of the pan Inside^ and It Is h^d In place bv 
the vertical inlet and outtet tubes extending through the 
cover lit would be of course be possible to pass these throng 
some type of stalling box, but K is the writers experience that 
it Is well to have this hating element not too firmly held In 
plaSe and the rubber stc^vper arrangement bat given satis 
faction Of course^ also, the steam ooll may be omitted, and 
the pan heated by an external steam, hot water or oil bath 
but this method la less eflldeiit, although desirable If the 
■ob^nce Is to be evaporated to dryness When using the 
iDtemsl steam eon it bat been the writer’s prgetlos to deUrer 
the sodiaust steam tad condensed water Into a looee Jacket 
raitonndlnf riie bottom of the psfi, and profMed with an 


overflow thus reducing km of beat from the extmior of 
the pan 

lo operate the pan It is set up and connected to the vacuum 
pump, with or without the condenser, as preferred for the 
work at hand and tested empty to ascertain how high a 
vacuum it will maintain with the pump running Some 
■mall leakage always occurs but unless this Is very bad it 
will infinence the working vacuum but little when a pump 
of sufficient power Is used Much depends upon the evenness 
of the surfaces of the body flange and the cover, and the 
nature of the gasket or waiher used For the latter a good 
quality of red rubber packing % Inch thick has been found 
beat When the operation is satisfactory from this stand 
point the liquid to be evaporated is admitted through the 
*9eparatory funnel, preferably not more than a quart being 
admitted at first, and furth^ additions made at the rate of 
a pint at a time as the collection of the condensate indicates 
As much SB two quarts may be used initially In tbs Ifl-lncli 
deep pan but If the liquid foams severely this amount will 
usually cause foaming over Into the condenser Varioas 
forms of foam traps have been derlsed but ordinarily none 
are quite as satisfactory as not starting with too much liquid 

When the desired amount of evaporation bos taken place the 
apparatus is disconnected from the vacuum, being careful to 
open tbe vacuum break flnt, especially if a water Jet pump 
is used, when there Is no stop cock between the pump and the 
pan The cover, which has been held on by means of small 
clamps when the vacuum was being established U removed 
and as much of the liquid as possible allowed to drain from 
the steam coll The whole pan is then Invmted, and the 
contents allowed to drain Into a receiving vessti 


PROrOSl-D 220000\OLT TRANSMISSIOV SYSTEM 

Tu> pniposed California TraniMiil^lon Bus' Is in over 
luad line to connect the x>ower systems of Pitt River Feather 
River Big Creek River and Colorado River The line wlU 
have a total length of 1 100 miles and wiU handle 1500 000 
kw It a working pressure of 220000 volts 
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Danger of Automobile Exhaust Gas 

Need of Investigating Conditions m Vehicular Tunnels 
By Van H Manning, Director, U S Bureau of Mines 


T HBi rapidly locreaBlng use of motor vehlolM and track! 
in the United States Is creating an entirriy new problem 
tn the proper vaottlatjkn of tunnels sobways and other 
oonflncd plaoes where such nuKAAaes most pnas through The 
traffic congestion hi our Ifir^er cftlnr due to motor tnidcs and 
automobiles Is becoming so great that subwaya or double- 
decked stieete will soon be required to relieve the eltnatlon 
Indeed Obirago Is now double-decking Mlchljgan Bottlevaxd 
along the lake front <n the downtown dlatrldt The upper 
street level la to bo used by passenger cars and the lower level 
by heavy trucks Xhe danger of potsonlng fxom the automobile 
exhaust gaaea In the confined lower levU Is serlDus, probehly 
more so than generally reoilxed 
However a much more dangerous condltkin may arise In 
long street and vehicular tunnels which must depend endr^y 
on artlfiflal ventilation for the removal of d^eterlous gases 
Tunnels of this character aro now under consideration tn a 
uumbor of dlfTerent places in the Unlitod States and the Bu 
reau of Mines has received several requests for information 
on the physlolnglcal effect of automobile exhaust gases and on 
the amount of deleterious gases that are emitted from automo^ 
blhs and trucks ttfutor various conditions of use Such in 
fonnattem la requtrpd by engineers who are charged wtth de- 
signing the ventilating equipment for tunnela Engineers aro 
agreed that present Infonnatlon H inadequate and unless 
reliable data Is provided by further investigations the public 
will suffer dtbcT acute physloal discomfort and illness from 
broathlDg ]i(»Uuted atmosi^cres clue to Insufflcient ventilation 
or the public purse will have to bear the fixed charges of 
excessive overventtiofteon 

IfATIOHAL ASnrcT OV PBOBLBM 

It is just and proper that the Federal Oovernment should 
investigate this problem rather than local communities or 
states Tunnels aro being considered In many parts of the 
Unttod States The largest one for which Inimedlaite InfcH* 
malrtdn la wonted Is the proposed vehicular tunnel between 
New York and New Jersey under the Hudson River This 
tODDel will be 9000 foet long and will have an estonated 
maxlmam number of 2 000 automobiles and trucks per hour 
passing through St during rush periods Ihe aonoum of poison 
ous gas given off by this long line of machinss is almost 
beyond conception cectafaily it cannot be guessed nt That 
this fact la fully appreciated by the New Yoiic State Bridge 
and TuDDid OommMon and the New Jers^ Interstate Bridge 
and Tunml Oommlsslon is shown In a letter from the chairman 
of the two oommlaslooa to the Secretary of the lotertor asking 
the Bureau of Mlnea to conduct InvestigatloDS on antoraoblle 
exhaust gases wifth respect to tnnn^ veatlUuUon 
Hie South Hills Tannel at Pittsburgh Pa now being de- 
signed, will be a IfeUle onrer a mile in length and will be used 
by a great many paasenger autos and trucks Mr Nerid Chief 
Engineer has oonaulted the bureaus experts on ventilation 
mod has based fata design largely on the fragmentary data 
provided in tike Bureau of Mlnea Investigadoiia of ' Goacdlne 
Mine Loaoinotlves in BelatloD to Health and Satety (Bulletin 
74) VcAdcular tunnels ore also being coooldered In LouMaiNip 
Oalitonia under the Delaware River at Phllad^ldila, under 
the East River at New York and In Boston, Mass 

POISONOUS CHAXACTXa OP AVT01f<mLg EXHAUST OASES 

That the general pabHc la beglonliig to aptmolste^ in a 
mesEure the potaMioas cftkaracter of autrasoblle exhaoSt la 
ttbown by the tollawtog dipping from toe JHifibarph Sm of 
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NovembiJr 80 1010 ueuIot the oapttun of Chemistry In Every 
Day Ufe^” by '*(3piclbto ’ 

“Poieoslng /ro» Avtosiobile JffshoMi It la wt unoomtoon 
to read about finding a man dead in bis garage When this 
happens the account goes on to state that the engine woa run 
flin g and thst the doors and windows were dosed Hte nat 
ural oondusloo la that there must be a polsonoua product 
generated by the engine and that this produot aocumulated In 
the dosed garsge in auffideot qoaiSitleB to cause dostb 

The experts of the Bureau of MlneS* as well as varloua 
automobile engineers have investigated this problem and the 
cause of the poisoning and the conditions that produce the 
poison are pretty well imderstDod 

The polacm Is a gas oarbon moEkoxlde by name It Is the 
same tbinf, ithet rnlnera find after mine fires or explosions and 
they call It ' blade damp " Peofde who use coal gas have to 
watch out tor leaks because of the prosence of carixm nwnox 
hh in the gas 

Carbon monoxMe has no color teste or smell It has noth 
ing <to do wlitfa the cloud of smoke that pours out of the exhaust 
pipe of a rar once in a while There may be and probably la 
carbon monoxide In the smoke, but It Isn’t monoxide that 
you see 

Practically speaking It is Impossible to run an eutomoblle 
engine without pnKluclng carbon Dkonoxlde In the course of 
thbi Investigation testa were made where none was produced, 
but it WHS done by using a mixturo so * lean that the aver 
age efiglne will not BtasH on It If cold, and very tow coibuiet 
ora are adjusted to use such a mixture at all Furthermore 
the {Hffrerence between the produettoa of a large aAnount of 
carbon monoxide and none at all la so slight that a carburetor 
If adjusted would not continue to deliver the mixture more 
than a few momenita An ( xamplo will show this A mixture 
containing 4 1 porta of gaaollne vapor in 100 parts of mixture 
gave an exhaust on a 80 horse-power engine that coatalned 
14 tar cent of carbon monoxide, while with a mixture of 2 
partv gasoline vapor in 100 no carbon monoxide was produced 

Burthsr expertmento along this line carried out on IS dif 
feront automobile engines wMh good mixtures and very rich 
fnivturrs showed in the flrat case amounts of carbon monox 
Ide varying from 10 to 36 cubic todt of carbon okonoxlde 
produced each mfkiute while the resoUs with lirit mixtures 
gave from 135 to over 600 feet a mlntfbe 

Carbon monoxide Is vmy poiaonous The presence of one 
part of the gas In 500 pants of air will cause a person to col 
lapse within an hour, while larger amounts will Ahorten this 
time 

In coder to see how soon toe air In a garage might be 
affedted by >llie namlDg of an eogtoe samples of the eJr were 
collected while a 80-bo ra e-powor engine waa operating It 
waa found itiiat In leas than 15 mfakntas e dangerous amount 
of gas had accumulaited onrand the oar 

It follows that an engine Aboidd oever be ran in a dosed 
garage Dangerons amounts of potoomus gas will be present 
In the air betoro there la time to do mato repair work. 

It la not much pleasure to work over a car on a odd vrlnter 
day with the garage doors wide oim, tor no matter how much 
of a beating system toero may be the buJMlng will aoon get 
pretty dhlUy It la poatiUe to fix up a simple arrangement 
that will got aronnd the dlsoomtort of workiiig practically out 
of doors and at tile aame time be paitoctty soto A aboit 
length of hose one end of whldi Is slipped over the 
pipe wUle toe ether end readns oat doom wffl do the trick 

rriMkBtaBl Papir tlS *Tltletlmi of Oarags Air by Astoo^^ 
Bzhevt Oasas,' ty O A Bundl as4 A W Oawr 
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yww Mfl d it to vnt MoeMiiy to open th« cat out while the 
coglfie to raonlov 

If joa feel h doU, depraMnv eort of e headndie with a faint 
spell or two after working over a car yon bare probably got too 
modi carbon monoEzlde Not enough to be really dangeroua but 
a warning If yon fed very feint a doctor ahonM be called In 
at once aa after one baa actually oollapeed reoorery to dlfflcolt 

* aXUAUST OASWi rSOM OASOUNK KlfOlVke IN TUNZTKLS 

Although data which directly show the conditions which are 
to be eaoonntered In long street tunnels are not available 
some liiT»tl|patk»s on the compoeitton of automobile and other 
gasoline engine exlmusts have been made Some of these deal 
with mines This deto may be used for sbowlnog the possible 
ooodkioits k) the tunnel until pxperlmentB are made whidi 
exactly apply to the problem 

Chasd made expertioents wkh tweUt paMHenger cuts nnd 
three imrks, all repreeefvHng dllTtrent t>pes whhh were run 
over cltv etreeta under various conditions Samples of the 
exhaust Koses were eecared end analyred usually on nine 
dtfTerent runs for each oar 

A general aummarUng of the results shows a maximum 
production of 68 per ceot of caition iDonoxlde In the exhaust 
gases an average of 2 1 per cent and minimum of sero per 
cent While theee figures are of eome value It to believed 
that more carbon monoxilde to produced In the average car 
of todai 

Ihe cars tCHtod were onmparntlvf ]y few in number the 
carburetors wire purpoeiel\ )>nt In lamd ad1u«itTnent and the 
gradi of gasoline has changed since 1914 ko it 1 h doubtful If 
they represent the averat^ foi fttrett tmfilc today Tlie low 
percentage of carbon uionovlde found from the three trucks 
certainly does not allow tin rangi of eartom lucmoxlrK from 
trucks In general 

The Bureau of Mines has made experiments with mine loco 
motives run by gasoline fxiglnes with a vi«w to safety from 
poilsoQous oomtUuents in thdr exhaust gases in mines The 
foUowlng extract from Bulletin 74» H of geoerBl Interest In 
tMs ooDoecstlon 

The proem of coiubuatkin In the cj Under Is affected to 
several variables «oniH are under the control of the motor 
man whereas otben are not Owing to tlie variety of variable 
fadtors It to dUflcult to duplloatte coodltlons exactly either In 
practice or In the laboratory In order to study the effect of a 
idnglo variable The operator of a gasoline loct)m<gl>e can 
readily observe only two varlablcw — nhmelv thi speed of the 
engine and the abIlUv of the ki c oi ndtlve to pull Us full load 
Fnmi these he infers the extofeooe of any wronA cotMlitlon and 
then makes various adjustments to ri^t It These adjutk 
menits may result In producing exhaust gases of wldriy ynryhig 
riiaracter and still enable ftbe engine to pull ithe load If the 
adjustments are not skHfully made the engine may lack both 
speed and penver and the exhaust gases again be changed in 
character Some combination of ^»eed, power, and poor ad 
Justmeat will produce the znaxlaHim quantity of noxious gases 
This oomMoatfon exists when tbe eng^ to using the maximum 
quanidty of gasoline on which It can pull the full load at the 
full spaed QrewtPT percentages of noxious gas can be made 
whan tiiiottlltog the mixture to «nk conditions of half speed 
and half load but the total quantity of noxious gases pm 
duoed Is lew because of the reduced speed Tbe most dan 
gerons condition of a IcKomotlve os a twodocer of noxlouf 
gasto, (Qierafore is when the engfaie Is working at full speed 
and wftti full load and to using tte most IxMtead of the least 
•BHdteie tlM It con use to maftaln the speed 

The exha u st gasM consist of the products of twtb pertoct 
and imperfect combnstten of the furt Analyris Aows them 

•Chose, H ttshanet gas snslyels for eemoi^ Tkt AstMMMIe 
▼ri SO 1014 pp to«o ease tee 

■HooA o P, SodlMh, m a. aaMUas alae imswtlvei to trie 
tloB to eatotr ant health ptth a ebso te c oo methoto,of aaalyriag 
vitaaast sasra gsress sf Jftosv. BoltoUn 74 1016 p OS 


to be a mixture of carbon dioxide carbon monoxide, oxygen 
nitxogai, hydrogen, and water vapor and aleo, it to believed, 
small but negligible quantities of gasoline vapors ' 

The paper aleo gives a table which jnueents probably the 
beat data now avallahle for use In safoguarding persons In 
street tunnela 

The amouitt of carbon monoxide produced by the ■nailer 
mine loctmiarivea may be comparable to that produced fay 
trucks but uot neceBaarlly so 

In other experiments the Bureau^ studied the vMntlon of 
gaiago atmosphere by automobile exhausts A 80-horae-power, 
four cylinder engine of an automobile tnuk was allowed to 
run In a closed garage uf about 5000 cnblc feet capacity 
Samples of air from cHffemg; parts of the garage were secured 
at dlft4 rent tJnues and analysed In the comments on the re- 
sults this statement to made 

It to Inti^rcstlDA to note that at tlic back of the automofaUe, 
at B thi re wan a lightly higher percentage of carbon moonx 
Idb in the savnple taken near the floor than In the sssniple 
i iki n t»lx fret from the floor TLiAs not surprising ki v lew 
of th« fact that the exhaust ganes are rxpelled about a foot 
above the fliior Dangmnia Hmounts of carbem moDoxlde 
wort prp^ut 111 thi flirthenuoid peiN of the garage after 
tliL engine had run 20 to 40 mlnuten whereas near the ma 
chine the air was extmmly unsafe wh«n the engine had run 
about 16 minutes" 

i^e fragmentary infoixnnticm cited alaive \vlll enable en 
ginocra to draw enough approximation of tlie ventilation needs 
of city street tunnelg but it Is still quite Insufficient for the 
mieds of the case If one considers that the wril-being of 
ttiousands of people tlally to to be carvrfnlly safeguarded many 
of whom are onoHtltiglonelly able to withstand only minute 
ciimntltlcs of the guRcs whkh pollute limnel air the need 
of precise Information Is apparaot 

IMUBlOUb CASKS (11 HBB TH\N CARBON VONOXHUB 

111 th( foregoing matter carbon monoxide has been as 
Hiitiuri to be the only harmful (VHUMdtuent of tumid air That 
other gases on vapors may be present to well shown In the 
extrari: below from a letter dated November 10, 1910, re- 
ceived by the Bureau from B W Roberts £}dttor of The Gas 
/ nffine publtohed at CbidnDatl, Ohio The letter to also 
tvriital of (»ther requisite for Informathm on tlie subject 

It lb not generalli known exactly what the physiological 
properties of gaaoUne vapors are From experiments tbot 
till wiltei hUN made he has found that petroleum vapor has 
auaesthedi ptopertie^ Reference to made to this subject 
on pagt 647 of Brunts Peteoleum and Its Producto' As the 
Imlk of gasoHne vapor at onlhiary temperatures oonalsts of 
IMvitam we belLe\e that ibe properties of this material ara 
those to be consMerod 

Experiments have been made on animals the results of 
which are confirmed by a number of experiences of persons 
wlio hn\e worked In an aitmosphere of gasoline vapor and 
show that pentane vapor when mixed wlOi oxygen produces a 
stupor All dd pbnsi of this subject is that persons have 
wotked In an atmnsphere heavy with gascdlne vapw and ex 
I^rlenced no 111 effect until after they have passed to an 
atmosphere entliri^Iy free from the vapor 

In order to explain this matter more definltelv I will cite 
two kmtances 

The owner of a small privuito mine near New PhlladelpfaJa 
Ohio some vearu ago was working with a plumber In a 
room off the main air way repairing a punip driven by a 
gasoline engine The carburertor of the engine was flooding 
and they had difficulty In starting it It was araerisd after- 
ward that they were worktog In thia arimgthete heavy with 
gasoline, for approzlmatoly one hour On leavlnf the room 

''BomU O A and Qaager A W Vitiation of ssns* s4r by 
antonoUle sskssst sooss gsress o/ Jffnos Ofachiiitesl Psptr SIS. 
ISIB PL 19 
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and going to the main air way both the plumber and the mine 
uwmr collapeed a abort diatance from the opening Into the 
room Tht plumber fell with hie face In a pool of water and 
drowned Ihe mJnu owner «aa later dlaoovered by a rotcue 
parly niid revived 

A similar case la one whhh occurred at ChUago some ycara 
ago A man was working In his garage with closed doon 
adjufftlntk a oniburctor nhldi woe flooding He waa called to 
UiG t(1( phone and rollnp#^ a abort dl^aivco from the garage 
aftir getting out In the open air 

*Our na«tun for calling yonr attention to the ponilhifity of 
gas(»lin< \apora le that we bellere that It nilgbt be worth 
wldh ln\p^gafln), particularly ns these efTecta are almost 
ln\urliMv attribatcrl to caibon monoxide poisoning 

Should you And tlili mathr to bo of aufflcient Interest to 
follow up In the eriMrlnuntnl wo\ the writer will be \ery 
glad to learn th« results of \our tmti* 

WIIAT BIIAJL BF THE MAXIMUM ATIOVAABir PKHCfcXTeOF OK 
CABBON MONOXlDki JB lUNNKTSf 

In order to render tunnels safe for those using theca auffl 
dent air must be introduced Into the tunnel to so dilute the 
exhaufvt gases that the percentat^e of carbon monoxide 1 h re- 


duoed to a point where it becomea haxinleai After toifidant 
experiments have been made to determine how moA caitMO 
Toonozlde la given off by varloui autonobljlea and tmdEi the 
next queatton that arise* la the maxlmmn alkrwaUe per cent 
of carbon monoxide thal alll do no harm la It 01 per cent 
or 001 per cent or somewhere between tbeee Umlte? Phyek>- 
logieal nuthoritlea differ In their ofrinion over dUa range 
This divergence appears to be due to a lade of soflldeot expert 
meats Dr Haldane, the noted KogUah authority, refcom 
mended 001 per cent carbon monoxide ns the safe limit for 
the atiDoepberc In the Metropolitan rnnnd in England 
Other authorities think that the oonccmtraUon may be In 
creased to nearly 01 per rent for short perloda of time 
Another very Important phase of this problem la the effect 
of carbon monoxide and i xhaust gasea on women children and 
persona In dellcak health Individuals that are anemic or 
ufTected with heart dlseast are undoubtedly effected by 
snmiler penxntagm of deletiii<»ue gases than nramal Indl 
\lduaN Most of iht aork heretofore done on carbon roonox 
ide polsonli 4 « has been with reference to workmen In mines 
and In the Industries The data thus olitalned la not dl 
rectly aiH>llcab]e to tunnii conditions where all «>rts of indl 
viduals and a leas robust average must be oonstdered 


Large Electric Steel Smelting Furnaces* 

Some Interesting Phenomena 

By Victor Stobie 


L ABQB ilectrlc arc ste^ melting furnaces are preferable 
for Ingot malclm, but smaller furnaces have a very large 
^ field In foundry work ObaerTaUmw will be confined 
mainly to large plant and to some Interesting phenomena on 
all furnaces 

WlBina DUGBAliB AlfD SHAFEB 07 TUBNACFB 

'Rie vnllng diagrams (Figs 1 2 and 3) give the best connee 
tlons for three sIacs of furnaces Fig 1 Is for furnaces up to 
0 tons' capacity, two phase current, each xdiase maintained 
entirely separate from Utt other, with one end of each phase 
connected to separate electrodes abovo the bath and the other 
end of each phase connected to separate electrodes embedded in 
the hearth of the furnace at opposite ends of the furnace to 
their relative top electrodes This arrangement gives the requl 
site bottom heating for small furnaces and leads to crossing 
of the currents In the direction of flow through the bath Fit 
2 Is for furnaces from 0 tons up to 24 tons’ capacity two- 
phase current each phase maintained oatlrely separate from 
the other, with each end of eadi phase terminating in an 
electrode above the batli Bottom electrodes while e ss e n tial 
In small furnaces are undesirable In large furnaces Fig 8 
Is for furnaces above 24 tons capacity, three-phase current 
each phase malnlalued entirely separate from the others with 
each end of each phase terminating in an electrode above the 
bath 

The moet favorable khapes for tilting tiectrlc fornaces 
would appear to be 

Up to 6 tons Rectangular In plan and la Novation with a 
curved bottom 

From 7 to 24 tons Octagonal in plan 
Above 24 tong Octagonal with lengthened back and front 
walla 

Statloiiary furnaoei should always be reetangular 
The above shapes ensure the most oonvenlent posltioB for 
the electrodes In the funsce and help to keep the fornsoe 
walls at the average greateat dlstanod from tha sleeCrodes 

•lIMtast by the fflsefrfotae ILoadm) of a paper fssd hsfsse tbs 
hMlttatioa of Msctriral BngliMOra 


which should not be opposite to doors, In order to avoid the 
breaking of electrodes when material Is thrown into the 
furnaces 

ABC rHxnoMEirA. 

The arc phenomena In a steel mating electric furnace are 
Important and interesting Ihe arc proper Jumps between the 
bath and whichever portion of the electrode Is nearest As 
this point Is always changing the arc travels Irregulariy 
round and under the lower extrmnlty of the electrode A 
flame of carbonaceous gas In large furnaces as much as 2 



feet long travels over the bath from each electrode This 
Is quite the hotteet flame in commercial use and In some de- 
signs of furnaoee, causes excetsiv4lj quldi burning away of 
the roof and doer arches It will rapidly flux the banks oi 
the furnace if allowed to Impinge thereon Borne control can 
be obtained over the direction of the fl*iw> bj alteratloos In 
the direction of rototlcm of the magnetic fltid of the npldy 
curreoits Bxpulments on the blowing of the arc flames In 
funmcee by etrong extenial continuous magnetic fldds were 
also made 

In some typee of riectrlc foraacse axes are maintained 
tween adjacent electrodes and not betweso electrodca and 
bath The pro perty of Inter^rapulstoo of are Is 
to fin the flames over the matertal to be nNlted, while mneh 
of the heat energy In the drenlt, vie, thgt In the Am prafwr* 
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tniT«li 011 I 7 between tbe dectiodei Thti lead* to a bigb cor 
rent o unaa t u fr U oa per ton of eteel In bh<Ax furnace* It was 
once beUeired that the great beat (circvm 8 600* 0 ) of the arc* 
In an electric furnace would have a detrimental effect on tbe 
•te^ More recent experience tea<Ae* ns that, eo long a* a 
steel Is thorou^dy deoxidised before casting only the tern 
peratnre of casting Is of moment 
• nUHSIOBMEBS 

One might, with reason say that the heart of the electrical 
equipment of an ^ectrlc furnace insfallatlon 1* the tnin<i 
forming apparatus Tbe Btrcseem uhich the traoHfortner^ 
hare to resist are exceedingly licaw ilu pluiil has to \itth 



<Htiind occasional short-drcultlnt, through tlie funiaoe and 
even the equivalent of almost a dead short circuit It baa to 
allow frequent breaklnt^ of the clrculU under hiavy overload 
and, possibly of occasional switching direct on to overload 

The requirt'tncnts in the design of the transfonmra arc 

1 That the current dtiishty of both tbt low tension and ex 
tra high tenMoo wlndliigs shall lie low enough to pie\eDt the 
Inevitable overloads from unduly heating up and deteriorating 
the Insulation 

2 Tbe ventilating chann^ In the windings must be spe 
aally well considered so as to provide low resistance paths 
for the cooling oil without excessive magnetic Wkage 

H That windings shall be braced on all sides 

4 The low tension windings hhall be taptsl with such ma 
teiial as empire tape In addition to press spahn or similar 
stiff Insulation 

5 All clamps, no- mcbtter how BDiall they may be ^onld be 
anchored to the transformer frame uork 

6 The whole of the apparatus must be as unyhldlng to 
magnetic stresses os mechanical skill can make it 

7 As much as possible of the total reactance required In 
the whole of the furnace installation ^uld be Incorporated 
In the transformers 

As a result oi observations of the breakdown of some fur 
naoe transformers the bracing of all sides of the windings of 
tranaformers was spedfled by tbe author In 1817 The derign 
has now been standardised also for large power transformers 

It is usual to have several tappings brought out from the 
hlgh-tensloQ windings of furnace transformeia as tbe voltage 
required on a furnace daring mtltlng is higher than when 
flnMilng a heat Such tappings sbcnld be brought away from 
the central portions of the winding the completo lilgh-tension 
winding being divided Into two at the mid-point and the tap- 
pings bridged across the mid point to cut out equal portions 
of eadi half of the windings when required Hie insulation 
of tbe end toms of the high tenaXon wlndioga can then be 
suitably reinforced to withstand any abnormal voltage stress 
on switching in the transformers Useful results have been 
obtained by limiting the currant density in transformer wind 
ings to 14 m ampere per square Inch, tbe Indootlon In the Iron 
to about ISjOOO 0 O B llnei^ and the temperature rise on com 
tlnnoQS foU load 16 46* 0 , maasared by the increase in resist 
anos An ovefwpotsntial teat at this double wAtage Is made 
on tta h%h tenMon alda Lowtanaioii windings of large fur 
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naoe transformers should be tested at a potential several tltnea 
greater than normal 

AUTOUA.TIC BLICCTBOXm BMUUTOaa 

The dt riders ta in automatic regulation mechanism Include 
sensitiveness without fraglltt} and simple setting to limits 
If the furnace circuits contain two arcs in series, the energy 
m each such tv^o ares should be balanced, whatever current 
Is flowing This is accomplLshed In Stoblc electric fomaoes 
bv upcratlDg one electrode motor by an automatic current 
<niitioIler and the other by an automatic potential controller 
Hu lurrent controller is adjubted to give the limits of cui 
lint riHiuiieU and will keep Its electrode at any poritlon at 
which such deeiiHd curnnt will flow Ihe potential controller 
Is adjusted so that half the pliniu \oUahe i e the normal 
voltage lx tween one eleotrixh and the furnace charge^ is 
maintained on th( clcxtmde it controls The result is that the 
potential regulating motor will ke<i) its (le<trode at the same 
distance from the mi>lt(.n si«sl ns iht current regulating motor 
keeps tlic other eUctrodc as at that distance the curr'^t will 
be normal and tlie voltage balanced On some electric fur 
naces balancing of iwo arcs In series Is automatleAlly con 
trolled in a different ninnncr 

lOWFB FACTOB 

Ibe powtr factor of alternvtlng arcs varies from almost 
unllv to lower than 0 7 In the case of arcs between cold hard 
metals As Is 1 nown tlu nppnnnt resistance of an arc varies 
with the current imssinii, Ihrtmkh it lx lug hit,h for a low 
current Hie voltage wave consequcntlv Is dislorUd and 
forms a sharp peak at the conimenc c nient and end of each 
half cycle with a strongly moiled depression between The 
current wave appio'vimalelv retains Its sine shape and a lag 
ging power factor results without nnv phase displacement 

The circuit nactanecs aie divided between the transform 
ew and the leads Due to the large sires of conductors used 
and to the largi area enelobcd by the circuits reactance In 
furnace work has a tondenev to be high At the same time 
very low reactance would be undesirable nn large power avs 
ti ms In view of the freeun nt short drcmlts through the furnace 
The total Impedanee on sheirt clrcultlni, through a cold diarge 
will usually be hIMi e^nough to lenluce all shocks to reasonable 
limits If however a short circuit takes place through a 
molten steel bath the Impedanct, will bo relatively low on ac 
count of tbe good conductivity of the bath unless a reason 
able amount of reactance Is Incorporated m the cirenita Such 
short finults nre fortunatelv very rare In well designed fur 


PIG V 

naoes Tbs total Impedance at the moment of starting a large 
furnace with poor scrap sometiinee readies over 90 per cent 
With average eorap It rangee between 40 and 00 per cent 
When melting armor scrap or other dean heavy material tt 
little exceeds the reactance 

A 16 ton Stobie furnance gives the following power fo^tore 


On netting 

084 

When dntge Is bnlf melted 

08B 

When ^rge la almoat melted 

087 

When dmrge Is melted 

098 


It can be aafriy stated that large fomacee such u llie 10- 
ton, 16-ton, and 20-toa Stoble furnaoee give an average pow er 
factor of fully HJBS over all units consumed. 

Tbs amhor liea heard it stated at vmrtoua tlmsa that out 
or other partioalar design of fomaoe esn be worked saMy at 
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almoflf unity iwwer factor The author alma at Installing 
plant In such a manner that on deatl abort circuit the power 
factor I** momentarily icdm.'cd to 04 or e\en 08 

EtFC IHOUE C 0 WHID»R\TJ 0 N 8 

Iht preatnce of clectroUea In electric arc fumacea Is for the 
user and di signer an unfontunaU noc**ttlty The desirahle 
(bAracterUUca of an electrode on low rcblstlvlty relative In 
combustibility and chtaiwitsH No mate rial combines thtae 
dualities rhe nearest approach is found In carbon and one 
has the choice lietwwu niuorphou** and graphitic carbon, elec 
trodos Ihe fuUowHng table tl\(i the comparative data of 
both l\pes of electrodes 


Amorphous electrcMk 
Graphite e^cirudc 


Spedfle 

reeliitaiicii 
por im cubi 


Lowsat 
t« mperatare 
of torabDitloii 


OOOSdi ohm »18 C 

OOU114 ohm 0^4 i 


£Mamc>ter 
to cairy 
10 000 amps 

12 In 
20 In 


A very important point almost invariably ovirlooked by 
deslgnen and UNerH cjf eltf4rU furnaces Is skin elTecrt Tlic 
uvciuf,c current density lu the main current curr} Ing area 
of an electrcMle being rouglily twice the average current 
density of the whole area due to skin effect 

Ihe main consumption of the licrtrodea In ordinary electric 
steel funmees does not take place at the arcing end of the 
electrodes, but results from the surfac^e burning of the car 
bon all over those parts of the dictrodes which are Inside 
the melting chamber and up to a point about 16 Inches above 
the roof kully I’i ver cent of the heavy expenditure on elec 
trodes Is wasted through this defect Various attempts to pre^ 
vent this costly waste of c lf*ctrodea have been previously made, 
such as (1) enveloping the carbons with asbestos pawte held 
in position by wire netting (2) coating the electrodes with 
non burning, paints (8) euclnllng the electrodes with steel 
collars h€ld together by hinges or springs (4) surrounding 
the electrodes with water cooled c>11der8 extending well in 
Mde the furnace All such methods have met with failure 

It Is thought by some people that there Is always a reducing 
atmosphere Inside ^ectiic furnaces This is an utteriy mis 
taken notkm mie cause of the oxldlxing atmosphere inside 
the older electric furnaces U the crude method of feeding the 
Mectrodos into the imdting diamlier < e by leaving In the 
roof a number of plain hdles equal to the number of ^ectrodes 
whidi have to be continuously fed Into the furnace the 
bricks forming such holes support annular water jackets 
wbUb fit, with a small cloaraitce new electrodes The heated 
gases inside the furaace continuously pass up those dear 
ances between toe roof and the electrodes As a result the 
clearance being Increased by the flame h burning iiwa> Uu 
electrodes to a tapered point the heal >alue of toe gases and 
flames which are constantly pouring out of toe furnace through 
the electrode holes Is wasted 

The clearance may be closed In this wav At about 2 feet 
shove the roof In roost furnaces the electrodes even when 
raised for charging are seldom at a temperature at whldi 
they can bum, therefore that Is the only point at which a 
IMrmaneiitly good seal can be made round the electrodes 

In practice, a light metal cylinder a few Inches larger In 
diameter than the electrode and about 2 feet in length Is fixed 
on the roof round cadi electrode The too end of the jacket is 
covered with a sealing plate the electrodes passing through a 
neatly fitting hole in the center of such cover 

Big 4 shows the present day economiier, which can be 
apffiied In telescopic form suititole tor furnaces hSTing only 
a abort electrode travel Other advantages of this simple de- 
vice are as follows 

1 No cold air is drawn into the fbmaoe 

3 No flames bnm away the dectrodea abovs the roof 

8 A retUy reducing carbon deposltkit <wti« dMlred) at 
mosphert la maintaliied wUhln the mdUng dwfrihes 

4 The oxygen free atmosphere of the fomaos pvwvsnts lbs 


burning of the electrodea inside the famacs except at the 
ardng ends and therefore, electrodes do net taper 

5 The doctrodea can be of smaller diameter for a given 
current supply thus dfanlnlshing electrode ”oosts and p er mi t 
ing a reduction In the slxe of the dectrode holea In the roof 

6 The life of the roof is increaaed becanae the thick car- 
bonaceous at3ni>sphere inside the furnace acts as an opaque 
curtain through which the Intense beat of the arcs cannot 
be radiated upwards 

7 llu flames Inside the furnace not being able to pass 
out lit the dectrode holes travel all over and among the 
charfst and beat this up readily and very econoonfcally 

8 rhe dectrode gear over the funiace does not become In 
ttnsely hot as In older furnaces Any adjustments can there- 
fore be made In comfort 

9 In consequence of the exclusion of free air from the for 
nace and the absolnte control which this permits over oxlda 
rton scrap steels containing oxtdl/able elements, can be easily 
melted without losing the q>eclal eleiuents from the bath 
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10 The absence of heat from tlu dectrode gear enables the 
current terminals of the dectrode to be made of U^t ooxiper 
cTMitacta built up of standard copper bars Instead of Intricate^ 
heavy water cooled brooae castings 

11 By preventing the heavy heat losses which formerly 
took place the cost of manufacturing electric steel has been 
reduced and the time required per heat (Kmlnltoed 

12 The sealing of the roof of furnaces results in the furnace 
being much cooler for the furnace men to operate 

cnOTTLATTOir or BATH 

It was deddecl to devise means whereby doeer observation of 
Ihe effects of electric drcults through mdten metal could 
be made than was possible In a steel furnace working »t 
temperatures up to LSOO* 0 Mercury presented ItsMf as a 
suitable substitute for a hot steel bath, being magnetically 
inert Its neslstlvlty at atmospheric temperature is approzi 
roately two thirds and lU v^ecifle gravity twice that of mbltan 
steel 

Separate experiments wkh singly two-pbase and tJiiae- 
phase currents and rq;>raentiDg every known type of fur- 
nace wliii arcs lAaylng on the bath, were made 

Two voltagea were separatdy used for eadi system of con 
nectlons, one low enough to enable the full current to be 
passed through the bath without arcs and a Ugtwr one tp 
pass the comnt through area above the bath as In nonnal 
steel melttog 

The rssearok conduattMy proved that no dieolofoTy or 
other stlrrinf movament of the bath lesulti from the MoeCrodo 
drcults Id on etectile are funinoe The more or less eomplsto 
(hffQdoD of added «toinests wlikh tskss liaee In a bgHi of 
m^tsn steel Is s mstallugloal pbenomsooB, sod dots not 
depend upon magnetic or dsdiroetioa c^mnta 



The Hvid Elngine* 

Its Relation to the Fuel Ptoblem 
By E B Blakely 


I T bas been eednuited that Internal combustion enginea now 
tornlah approximately two-thirds oC all the prime motlYe 
power generated In the world These internal combostlon 
engines may be roomily divided Into three classes 
a Those burning gasoline 

b rniose burning kerosene tops and other light distillates 
after being started and wanned up on gasolluc 
o OU engines of the Diesel semi Diesel hot bulb and sur 
face-lgnltion types, which ose for fuel crude oils fuel 
oils and cheap grades of kerosene 
Of these three <dasses the first famishes about 05 per cent of 
all prime motive power and It has been estimated that there 
are In use now In thla coiintrv burning gasoline nearly 4 000 
000 automobiles 200000 tracks 500000 motor boats 75 000 
tractors and TV) 000 farm engines Is It sny wonder therefore 
that the demand fdr gasoline has lncrea<«ed? 

By ordinary distillation methods Elastem crude oils yield 
from 20 to 90 per rent of gasoline, Mld-Ck)ntlnrntal crudes from 
10 to 20 per cent and Qulf California and Mexioan oils from 
2 to 8 per cent The roukh average of these Is 15 per cent 
The visible snpidy of crude oil la naturally dlmlnlshlfig and 
since the oU is becoming heavier all the time the percentage 
of gasoUne yldd Is lessening 

The supply of gasoline may be increased slightly by making 
use of the cracking processes, which would necessitate an In 
creased cost of production, and also by blending high test can 
lag head gasoline with kerosene a process hound to be short 
lived because our gas wells are rapidly giving out The supply 
of gasoline may also be conserved by Increasing the thermal 
efilcleiicy of the engines and by adapting them to burn kerosene 
and mixtures of gasoline and kerosene The relief gained how 
ever, would bo but temporary at b«t We are havliig trouble 
enough now in burning properly the present day gasoline with 
oat trying to bum all sorts of mixtures which at the least 
would necessitate constant changing of carbureting adjust 
ments and methods 

Much has been written and said during the xwst two or three 
years on the subject of using kerosene as fuel In conventional 
gasollDe engines of both the slow and high speed types and 
while ubdoubtedly much has been learned concerning the ^r 
acterlsth ■ of kerosene under certain conditions the burning of 
kerosene in gasoline engines so far as the writer knows has 
not been accomplished with complete success up to the present 
time By complete success he means starting the engine on 
kerosene in atmospheric temperatures approxlmatlBg 0 deg 
fahr and below (for these must be reckoned with) without 
preliminary heating of any sort and burning the kerosene so 
as to eliminate troublesome carbonlaatlon and complicated and 
unsightly accessory apparatus and <Ataln high economy 
In attempting to bum kerosene In modified gasoline engines 
we are oonfrouted by the following basic difficulties Kerosene 
and gaeolln* are chemically widely different enbstancee, having 
noCbliig In common but the baae from which they are derived 
Their Initial botUng points are wide apart that of commercial 
gaaDllne being about 100 deg fahr , while that of keroeene la 
about 880 dag fhbr Their boUlng ranges are also totally dif 
fimnt, that of gaabUne being 240 deg fahr , while that of ktro- 
ssoe la about 200 dag fahr Gneoane-air mixtures win I gn i te 
spontaosouaty at appnudmaMy 080 dsg fUif , while similar 
mixtures of kerosene end alt eslf ignite a{ approximately 075 
dag fahr Mixtnrea of gaeoUBe and air form a permanent 
filled gai, but mtttnree of tavoeene and air do not, Under these 

*>epWimwUilmeiiJLmssl atmdss P sw uihf 


conditions a jet carburetor designed for vaporising gaeoline 
cannot be expected to vaporise keroeene The best It can do 
la to Atomise It 

In order to vaporise as well as to prevent predpltaHon or 
condensation of the atomised kerosene In the combastlon 
chamber it Is necessary to heat the charge, and since the power 
output of the engine depends upon tbe amount uf oxygen taken 
in and burned during each crcle It is clear that the mort the 
charge Is heated the less oxygen we can get Into the cylinder 
and the leM power we can obtain Tfaia forces ua to a com 
promiae between two conflicting condlHona the maintenance 
of thk Incoming char^i at the lowest possible temperatare 
which will vaporise the kerosene and the prevention of prectpl 
tatlon In the combnatiem chamber This compromise might 
be satisfactorily offeited In the case of an engliie running at a 
constant speed and load but in the case of an engine running 
at varying speeds and loads it is a very different compromise 
to make because as the power demands on the engine vary, so 
must the total amount of heat added to the charge vary 

In order to obtain maximum power from any Internal 
cv^mbustJem engine regardless of the kind of fnel used we 
mmt have maximum mean effective pressure and since mean 
effective pressure depends largely upon compression preoaure, 
we muBt usL the highest compression preasare possible This 
brings UB again to a conflicting pair of conditions because in 
order to prevent so-called prelgnltlon with Its attendant dla 
agreeabli and harmful poondlng when burning keroeene we 
are forced to use a relatively low compression pressure whldi 
lowers tbe mean effective pressure and also the power output 

In this connection may also be mtutUmed the so-called 
prelgnltlon knock which occurs when nsing too high a compret 
slon presvnre with kerosene This knock la not caused by 



riG 1 rUIgj-IiOAD INDICATOR CABD9 OF BNGlNg BUN 
NI^O (A) ON KSUOSiONlD AND (B) ON GAfitH^BNO 
(300 tiB BPB3NQ) 


prelgnltlon as is generally supposed, but by small detonatlona 
after Ignition has occurred and tbe piston has started down 
ward These detonatlona are due to tlie fact that karoeene la 
of a very complex chemical make-up and that after ignition 
has started the conditions are most fkvorable to cracklBg It 
Under these conditions the keroeene breaks down Into almpler 
comblnatlonB some of which are highly detonating and others 
less so^ and thew compounds set one another off soccenlvely 
according to their stability but so rapidly as to produce a 
single knock 

niat thla la BO la clearly shown by comparing the two full 
load Indicator &rda shown In Fig 1 They were both talm 
from tbe same engine but with different cylinder heads and 
operating^ with different governors When A was taken the 
engine was running on kerosene (48 deg B ) with no water 
injectloa after having been warmed up on gasoline A thiot* 
tllng governor was used When B was taken the engine was 
operating on gascdlne (82 deg B ) and with a ^901 and mias” 
governor The emnpreasion ratio was 5 to 1 

Many engineers believe that If the problem of utUiitiig 
kerosene fbr fuel In these engliiei now burning 
be solved, the wbold fuel prbblem would be solved It im 
doubtedly would halp the sltiutlOA Immeasiurably, but who een 


of Tkt A m m itm 
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doulit fur a moment that the price of heroaene wotUd not 
ffoar once the demand for it beean to until flnally there 
would l>e but little difference between the prlcea of gaaollne and 
kemHene The true economic eolutlon of the fuel problem Uea 
not In trylna to adapt aome particular fraction of the dlatllla 
tlon of (rude oil to the engine but In adapting the engine to 
the arailable fuel whether It be crude oil Juat aa It cornea out 
of the ground ur some by pioduct of Ita diatlUatlon 



PIG 2 CUrAWAY »I> riO\ OF 8 If P nVID TYl B 
FARM B\ai>L 


There have been numeroua engines built In the last ten yeara 
capable of running conaiatently on the various crude and fuel 
olio, aa for Inatance the IMeael end ik) called aexnUMeael m 
glnea hot bulb and surface Ignition engines These however 
have been used mainly In marine work and In relatively large 
units It la out of the question to consider making Diesel en 
glnee of much less than 100 hp i>er cylinder, because of the 
complicated fuel Injecting mechanism and the high coat of pro 
ductlon The other types ]ia\e the di^adNantage of requiring 
external preheating before they can be started and the torchea 
used for this purpose are a source of umatant danger Blectrlc 
preheating has been tried but with llttlo success 
There is an engine however which baa all the advantagea 
of the above mentioned types and none of the dlaadvanteges 
This la the Hrld engine It can be started cold on any liquid 
fuel which will flow through a pipe It has no complicated air 
comprsaaor system for injecting the fuel, no hot bulbs or 
torches, and mna with a fuel economy on a par with the Dleati 
engine The Hvld engine can be and la being produced tu unita 
aa tnuU as IV^ hp and so economically as to be able to com 
pete with gaaoUne engines of the same alsa. 

AnvAifTAoxa or the bvid girem 
A comparison of the Hvld aigine of the Caim type with a 


coQvmittoiial gsaoUne engine of the same type di a ol oeea nuuiy 
factors whldh show the eoperlorlty of the former for this daas 
of work The Hvld engine baa nelUier electrical devloaa nor 
carburetor or mixer It starts readily on any liquid fuSl even 
in the coldest weather On the ofbdt hand, the GonvenfilonBl 
gasoline form type engine has electric ignition, wtakh la fre- 
quently a source of trouble It has a cartmretor or mixer to 
be adjusted according to atmospheric conditions and quality^ of 
fat] and flnally the gasoline engine la very hard to start In eedd 
wiather 

Briefly enumerated, the chief advantages of the Hvld engine 

QIC 

a Mechanical simplicity 
b Ijow fuel consamptlon at all loads 
c Ability to start and run on any oil which will flow 
d T^w water Jacket losaes 
e No lubricating diflicultles 
/ Constant compreMlon 
g Remarkable torque oharactorlatlca 
A Absence of all eloctileal devices hot bulbs and torchea 
for Ignition purposes 
i Absence of all carbureting mechanlsni 
j No carbon troubles 

T1)e H\1<1 euKlne 1 h of conventional four cycle type, embody 
lii^ the usual Inlet and exhaust valves timed to open and dose 
In any four cycle engine The compressloD pressure la 
carried to between 426 and 476 lb per sq In which heats the 
compressed air to between 000 and 1000 deg fahr In the 
cylinder bead theie is a fnel admission valve terminating In a 
small steel cup by means of which a preliminary explosion li 
made to force the fuel into the combustion space Referring to 
lig 2 the Hvld cvole Is as follows 
Suction stroke During the suction stroke pure air is ad 
iiiUted to the cylinder through Intake valve A Fuel valve B 
Is opened In synchronism with Intake valve A and some fuel 
flows Into cup 0 out of hole D which Is uncovered by the open 
Ing of valve B (the fuel miters cup 0 partly by gravity and 
partly by Inhalation) The amount of fad admitted Is con 
trolled by the metering pin B which In turn Is controlled by 
the goyeinor At the same time that the fuel is being Inhaled 
into the cup a funall amount of fresh all Is also drawn through 
nil auxiliary air hole r down past a fluted guide G into the cop 
f At the end of the suction stroke fuel valve R and air intake 
A lb e A close valve A sealing the fuel admission hole D 
(ompicMion Stroke During this etioke all valves are 
(lot>eil and the air admitted to the cylinder on the auction 
stroke Is compressed to about 420 lb per sq In whli^ raises 
its temperature to between 000 and 1000 deg fahr In other 
words, there Is now a mass of hlghlr heated air under high 
pressure in the combustion chamber and this rushes Into cup 0 
through small boles 77 near Its bottom until the pressure In the 
cup la practically equal to the pressure In the combustion 
chamber The conditions In the cup gre now most favorable 
to cracking* the oil and as the ofl cracka the lighter and 
more volatile componenta are detonated by the high tempera 
tore and the retultant high pressure within the cup forces the 
rest of the oU out Into the air in the cylinder The amount of 
fuel consumed In the cup per cycle Is Inflnttesimal because 
there Is only a very smtU amount of i]x present In the cup to 
support combustloD 

Power Stroke As the fuel in an atomised and vaporona 
state comes into cimUct with the heated air la tha eemdrastUm 
spare very rapid combustion takes place and the pressure 
arising from it drives the piston 
Emkouei Streike As In any fooreyde engine tha yvhatM* 
valve openg and the products of oomhustlon are fbtoed out by 
the piston 

inmoATcn oasds 

Fig a shows a seriea of ladieatof eards tafen ftvan the 
8-bp Hvld englM of Vlf 2, gg wMl gg one item a 8lMip englae 
of the same type DeeeripClimg of thaeb eMs jBoOow 
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Oud A !• a ao-loaOf atop-iprliig card mhUih shows a sljtfit 
raenom during practically tbs entire suction stroke and figures 
approzlmatdly 8T5 ft per sec ttiFongh the inlet orifice » at the 
same time It shows good rdumetrlc efficiency This racaozD 
la maintained intentionally for the reason that there is left in 
the injector cup after the expansion ind exhaust strokes a 
slight residual pressure which Interferes with the r^olar 
dellrery of fnti by grarlty Dropping the suction pressure 
slightly below atmospheric removes this cup pressure gives a 
flight pull on the Incoming fuel and makes for dose governing 

Card B is one taken from the Insldo of the injector cup 
with the main air Intake orifice not choked and shows a 
residual preasure In the cup evtn during the suction stroke of 
the engine One of the greatest difficulties encountered In early 
Hvld engines of the farm type was consistent governing and 
It was not until automatic inlet valves were discarded and the 
Inlet-alr velocity was maintained constant that good governing 
was possible Card 0 la a full load card and card D la a 25 
per cent overload card 

Card Is a full load card from an 8*/^ In b> lO in 20 bp 
Hvld engine In which the Ignition point is much moie clearly 
defined than in the cards taken from the 8-hp engine There 
Is no doubt that ignition take^ places at relatively the same 
point on the smaller engines but the speed of the smaller en 
glnes la so much higher that the ordinary Indicator falls to 
show It 



Pia 3 INDICATOR CARDS TAKAN FROM HVID ENGINES 


It Is InteresUng to nots the waves In the expansion line of 
these cards These are typical of all cards taken from Hvld 
engines and are caused by the Introduction of fuel Into the 
combustion chamber In waves At the moment when the pre 
llmtnary combustion takes place in the cup we have In the 
enp a pressure of approximately 800 lb while In the combustion 
Ghamber there is % compression pressure of only 426 lb Some 
fuel is consequratly sprayed out of the cup into the combustion 
diaiDbOT by the attempt at pressure eqaalln^^n* When the 
fad comes in contact with the highly heated air in the com 
bustlon dumber the pressure rises In the combustion dumber 
and fhlls In the cap until eunalUed , then no more fuel can get 
out of the cap until the piston moves forward and the pressure 
In the cylinder drops below that in the cup when some more 
fuel la ejected from the cup This Is repeated until there is 
ne more tod left In the cup 

FDiL oovrsuirmoK 

The fad consnniptUm of small Hvld type eaglnee la very 
goodi being In general on n par with Dlesd engines of lerge 
slae. If DCead eoglaes could be eeonomleally oonstracted in 
niiita aa aaaR aa Hvld engines can tt la douiitfal whefhtr thay 
would ooikvsre at afl fhTorably In thermal eOdsiicy with the 
amall BMd tmlU m soeonot of the mecha ntq ia tneOdsney of 
ttie six eempreseofs neecaaat/ |o injedt the fnd Ip the esss 



FARM TYPE ENQINFS OPERATING ON DIFFERENT PRINCIPLES 

paratlve fuel eonsumptimi curves shown in S Ig 4 the fnd 
economy of the Hvld engines as compared with two other 
t}pea of the same slse stands out very plainly particularly at 
the lower fractional loads The hit and miss gasoline test 
In Fig 4 was made by Professor Dickinson of the University of 
llllnoLs the throttling governor kerohCne teat by Mr Mao- 
Qregor of the Hercules Qai Engine Company under the super 
vision of Government experts^ and the Hvld-englDe test by the 
writer under the sui^ervlsion of Professor Roesch of Armour 
Institute The engine used In each case was a 6K hi by 9-In 
mnning 450 r p m and rated at 8 bp 
The fuel consumption curve of the small 8 in by 4^ In 
ll\ld engine shown In Fig 1 Is particularly Intersstliig because 
this engine running at 11CM> rpm normally Is the first relm 
tively hlikh speed engine of this type buUt When It was first 
designed the writer was very skeptical as to the results to be 
expected from It because owing to the high speed It was 
natural to suppose that trouble would be encountered with the 
time element necessary for the introduction of fad Into and 
election ont of tbe oup hut It was found that this little engine 
could be run at speeds aa high as 1600 rpm without any ap- 
parent Interference with tbe perfect operation of the Hvld 
principle In fact the faster It was run tbe better the resnlts 
Based on Its perfoimance several englneeera connected with 
the pioductlon of Hvld engines raised the normal rp m of their 
engines with very henefidal resnlts 
Professor Roesch also supervised other tests made to de 
termine the entropy diagram and the heat balance while Mr 
H C Knudsen made tests for torque It Is worth while to 
record here the results of these tests 
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Fia 6 VOIUVtnFMPFftATUUB DIAQRAM FOR A ^ X0 IN 
91 NOLE CYriNDkH HVID KEROMbNB ENGINE 

I'ntropy Dingram Ibe entropy diagram shown in Fig 6, 
wan plotted from a prrasnre-volnme Indkatoi card taken from 
a 'iK In by 9 In single cylinder Hrld type engine running at 
4d0 I p m and using kerosene as fuel Ibis diagram Is sub 
mltUd because It shows the general temperature characteristics 
which are quite dUTereut from those in an explo^Ue gasoline 
engliie It Is Interesting to note the low mazlmnia tempera 
tnres 2300 deg fahr abs, u compared with the maximum 
temperatures for gasoline engines which frequently run as 
hU.h as 8000 to 8D00 deg fahr abs and also the sustained 
temperature In the Hyld engine throughout the working or 
expansion stroke At first glance It might be argued that this 
■ustained temperature would he harmful because of undue beat 
losses to the water Jadtets but since the water Jacket loases 
are low and the thermal etfidency ot the engine la remarkably 
good the writer beUeres that combustion in the Urld engines 
takes place In the form of lone burning and that the cylinder 
walla are more or less Insulated from the high temperatures 
of combustion by a layer of air which la not burnt until neai 
the end of the stroke 

ffeot Balance This test gives the mechanical efflcioncy and 
the thermai efficiency for both broke and Indicated horsepoweR 
It was made upon a 5% in by 9-ln single cylinder Hyld engine 
which was flexlily connected to a Sprague dectric cradle dyna 
mometer by means of two * Sjdcer universal Joints Bnglue 
speeds and fuel weights were obtained by means of electrlcall> 
operated appUances Arrangements were also made for de 
termlnlng the Jacket water loss and the sensible heat of the 
exhaust gases (calorimeter method) The developed and 
f rlctloD horsepower were determined by means of the dynamom 
eter Indicator cards were also taken, bnt because of the 
probable errors due to the high pressure Involved snd the 
oomparatlvely high speed of the engine these cards were used 
mer^ to study the valve settings and general events of the 
cycle and not for indicated power measarements The engine 
Was operated under various loads and speeds with various ad 
Justments of fuel supply compression and cup design The 
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Anal BetHng was made with a oomprewlon of 9S0 lb |per sq la 
Test runs, corves for which are ^own in Fig 7 were odd 
ducted at various loads from a maxlmam to about oneolghth of 
maximum load and readings were taken to determine the fed 
lowing 

1 Friction horsepower (electric dynamometer method) 

2 Brake horsepower (torque and speed) 

3 Jacket water loss 

4 Sensible heating In the exhaust (calorimebSE method) 

3 Loss due to radiation and Incomplete combustion (by dlf 
ference) 

B Fuel consumption (lb per hour) 

Items 1 and 2 are determined directly from dynamometer read 
\nit^ it«DS 3 and 4 are calculated from observed temperatures 
and weights item fi is determined by difference , and item 0 Is 
obtained from direct measurements The heat value of the fuel 
Lipressed In Btu per lb of kerosene Is calculated from the 
following accepted formula 

Bin = 18 440 + 40 X (deg Baumd— 10) 

and Is 19 740 Btu for the quality of fuel used In the test runs 
Torque In Fig 8 are shown some of the torque character 
istlcs of the Hvld engine When a gasoline engine of oonren 
tional design Is overloaded so that the speed drops beyond a 
certain imlnt its torque drops rapidly because a certain velocity 
of air must be maintained thremgh the carburetor to pick up 
and vaporise the fuel and carry it Into the cylinder bnt In a 
livid engine since the introduction of fuel into the cup ahd into 
the cylinder 1^ not dependent upon the velocity ot the air taken 
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in as the speed drops due to overload more taA is admitted 
than at normal speed because the time elmnent for the Intro 
dttctlon of fuel la lengthened and the engine consequently shows 
r4miarkable ^langizig on ' charscteristloSk 
Under these condlttons it Is very wasteful of fu^ without 
a doubt, but there are certain conditions where this Imll dog" 
characteristic ts desirable even at the expense of fuel economy 
Mr Knudsen states that these values wmre actually obtained 
on the test block but that ha Is of the bpinloa that under 
actual operating conditions the torque sfiouM not be allowed to 
climb quite so hh^ for the lower speedSf the reason being that 
the engine amohes badly and takes too much txM at ^[lesda be- 
low 430 rpm It would seem to be better practice to vary 
the opeidng of the fuel valve with the speed of the miglne so 
that a curve oould be plotted, flvlng maximum torque at 
different q»eeds with a nnlfotmly dlean exhaust 
In condoslaii, the writer would say that while the Hvld en 
glue haa 1^ DO means seso b ed its olttmate stale of developmeut, 
it neverthbleiB posisHSS a nmabsr of woodaM eharacterlstlcs 
whldi ouiht to attraet many Intemal-eoabtistlon englneerB by 
the pomlbtutiee they hoM outihf heWeg Mdve pome vt our 
fhsl problems. t 

H w 
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T HB Natlolul Research Goaodl Is a 
group of sdeiKlflc, tedinlcal and bust 
neas meo under the Oon 

gmslonal charter of the National Academy 
of Sdences wkh the codpemtlon of our 
National adeatlflc and technical societies 
educational Institutions the Indnatrles and 
independent spedaMats The Council was 
establMied In 1010 to coordinate the re- 
seardi facilities of the country for work 
upon war problems* and In 1918, by executive 
order ot the President of the United States 
It was reoiganlsed as a permanent bodj 
While enjoying the hearty cooperation 
and support of the \Brloim Oo\ernnient dt 
partments the Gounoll Is nor a Government 
bureau nor Is It financed b| the Govern 
meat Its duty Is to promote n searcdi both 
scientific eiHl Industrial and to encoara^i 
the training workers cnpalib uT cngai^liif, 

In research and aid>lylng Its results It l<i 
bo this organlsatton and its work that we 
wish to Introduce the readers of tlit SrnrNTirio Ahkbican 
M oifTULT Magailne 

It has been the hlstc»ry of the race that many of our most 
valuable lessons have be«n learned ae a result of the stlmn 
latlon derived from such an uphtval us a wai and fre- 
quently* the greater the confikt the greater has been the ultl 
mate good which has oome from H In a discussion on ' The 
National Importance of Sdentific and Industrial Research 
by Dr George S Hale In Bulletin No 1 of the National Re 
search Council, this point Is einphasl/ed and the following 
quotation from de Tocquevllle Is cited 

When a violent revolution occurs arnoiigst a highly dvil 
Ised people It cannot fail to give a smlden impulse to their 
feelings and Ideas This Is more pirdcubirly true of demo 
cratlc revolutions which stir up at once all claws of the 
people and at the some time beget high ambitions In the 
breast of every dtiseo The French mnde surprising ad 
vances In the exact sciences at the very time when they were 
completing the deetructloii of the remains of their former 
feudal BOdety yet this sudden fecundity is not to be at 
tributed to democracy but to the unexampled revolution 
which attended Its growth ' 

Perhaps it may have been due to the gigantic scale upon 
which the late war was conducted or perhaps not but what 
ever the reason the extraordinary degree to which cobperatlon 
between all classes and interests was secured was one of the 
outstanding featurea of the war acttvttles and one of the 
lessons whidi we must not forget When It Is remembered 
that the Industrial problems of peace are In a large measure 
the nine as thooe of war, although with a somewhat dif 
feiwt emphasis, the Importance of continued (odperatlon Is 
difficult to overestimate This Is partlculary true in the 
case of pure and anilM sdenoe upon which our continued 
progress annd foroperty depend That this view la universally 
held is amply lUustrated by the worldwide effort to organ 
Ise sdenoe W1& this mbVemMit some of our foreign friends 
were identified before the formation of our own National Re- 
search Council but in these cases there is an essential d|f 
ference In that thd fordgn organliatlons have been developed 
under the tusplcea find oontfol of their respective govnm 
meats and have been made m part of the govmmment organl 
■atlon 


111 Great Britain as early as July, 1010 
a (ommlttee was appointed by the Privy 
Council for the pun>ose of directing the 
application of any raoniy provided by 
Parliament for the organisation and develop- 
ment of scientific and Industrial reoearch 
This oommittee appointed an advisory council 
and in December 1916 the work of the com 
mlttUL first oppdnted was established under 
a separate Department of btate which has 
since been designated The Department of 
Scientific and Industrial ReseanA This 
department Is responsible to a minister of 
the Cabinet and has been Intrusted with the 
exi)enditure of some five mlUlcm dollars to 
stimulate and support as wtil as cofirdlnate, 
scientific Invostlgatioii In Great Britain for 
the benefit of the Empire The work done 
undt r the direction of fhe advisory council 
and the department during the war was In 
dispensable to the success of the military es 
taldishmentB of the Empire and the effort 
of the d^mrtment Is now directed toward the formation of 
cooperative research associations among those concerned with 
the same class of materials the encouragement of research 
workers and the orgaolratlon of national research under 
which classification art to be found problems the solution of 
which heloniks mon to the Government than to auy private 
group Among such investigations may be noted the question 
of mine^rescue apparatus researches with reference to build 
Ing materials Including home-grown thnliers and extensive re- 
searches relative to fart and food and to industrial fatigue 
As for the reseandi associations established by Indostrlea 
eight have been Incorporated a like pumher have been ap- 
proved hut not licofised as yet and a number of others are 
engaged In completing their arrangements and drafting art! 
cles of association 

In addition to those efforts on the part of Great Britain 
herself the Dominions, eepedally Canada and Australia, have 
made substantial progress In like organisations while plans 
are well undir way for similar aidlvlty In Indie, New Zea 
land, and South Africa 

Tapan has also esUhllvhed a National Laboratory for Sden 
tifle and Indnstrlal Researdi, with a fund of two and one- 
half millions of dollars for use during the next ten years 
Italy has pngwred to continue the work undertaken In 1916 
by the Office of Inventions and Research which was then 
created under the Department ot the Ministry of Arms and 
Munitions The Italian National Research Council Is now 
In progress of formation and will conduct Its work under 
seven dlvisloas of science 

Science for years has assisted In the organisation of many 
lines of effort but in so doing has neglected to organise Itself 
The National Research Connell represents a unique effort 
at thorough organisathm of American sdence and the mcceas 
which resulted from such organisation and codperatlon during 
the war gives every reason to bdtove that the National Re- 
search Coundl will be even more tnecessfnl under peace 
conditions than It could be during the exdtlng times of war 
The duty of the National Research Council Is the promotion of 
research both sclentlflc ghd Industrial, and In the Certns of 
the executive order iMued May 11 1916 by the President 
of the United States, Ite functions are as follows 
*ln general to stimulate researdi In the matbematloal. 


Tht N ational Re 
search CounoU %s a oo 
operative organization 
of the sotenii/lo men of 
AmerUstt It is esfob 
lished ander the aus 
pioes of the 3^attonai 
Academp of Sciences and 
its membership u large 
Ig composed of appoint 
ed representatives of 
the major scientifto and 
technical societies of 
the oounirg Its par 
poses are the promotion 
of scientific research 
and of the application 
and dissemination of 
scientifto knowledge for 
the benefit of the na 
tional strength and well 
being 
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physical and bkiloglcal sciences and la the apidlcatioa of 
these sciences to engineering, ogrlcuUare, medicinSi and other 
usiful arts, with the object of Increasing knowledge^ of 
strengthening the national defense, and of contributing in 
other ways to the public welfare 

lo survey the larger pohbiblUtles of science to fomiulate 
comprehensive projects of research, and to develop effective 
moans of ntlllslug the sdonUtlc and technical resources of the 
country for dealing with these projects 

io promote cooperation in research, at home and abroad, 
In order to secure concentration of effort uilnlnilBe dupllca 
tloD and stimulate progress but in all codperatlve under 
taklii(«M to Mvt uuouiiigemint to Individual Initiative as 
fuiulann iitally Impt^rtanL lo the advancement of science 
lo serve as a mt ans of bringing American and foreign tn 
vefttit^ators into active cooperation with the scientific and 
li ( hntcol 84 rvlct s of the War and Navy llepartments and 
with thosi of tiu civil branches of the Qovernment 

io dlrict the attention of scientific and tecdmical invest! 
hntors to ihc pn'^tnt Importuiicc of military and Industrial 
problems In c<mncction wUh the war and to aid in the solu 
tion of tin 94 problems by organl/lng apiClfic rGsearohes 
Jo gather and collate schntlfic and technical Information 
nt home and abroad in ii>oi>cmllon ulth governmental and 
other agencies and io rtndir such information available to 
dul> accrcdltid persons 

In order to carry out tihis Important program the member 
slilp of the Nutlonul lleseanh Council Las Iwn chosen with a 
\Ka of nndtrlng the Council an efftcflvc federation of the 
pilnclpiil KscAich aMiHUs In the Unites] States concimed 
with tiu h< ids of Mlcrtct and t<rhnoli)g\ The work has l)ecn 
oigtnl/cd along division lints the divisions themselves be- 
ing of two clnssis first those d4wllng with the more general 
riliitiuns of tiu Council diul second iliosi csincemed with 
i4liit4(l biAniluN of scUnct and teriinology 
Hun ai4 sl\ dlvtsums in the first group 
Jin r/ot cf nnicnl fill iHloti-— Chairman Dr Charles D Wnl 
MUt Mdstary of the Smithsonian Instltnllon in which are 
lepK Mated the various scientific bureaus and t,roups of the 
Coveinnunt Uhls division will have very Important work 
to ptifonn hi obtaining an even gnatcr decree of cobperatlon 
In i ovtrnirwnt nnd schntlflc matters than has lierttofore been 
possllih nnd tiirough Its confercncH^b nnd dlscusHlonB many new 
methods of itlnck and entlrelj n4W sublects for itsesrcli may 
rcMilt 

/Himiom of f ofiian Rel<Uu}nM — Chairman Dr Cfcor^e F 
Halt direi lor of the Mt Wilson Solar Observatorv and for 
clgn sreretarv of the National Academy of Sciences This 
division Includes nprc^entatlves of the Department of Htate 
of th( National A cadi iny of Sdences The American Assoda 
tion for the Advancement of Science, and the American 
I lillosophti h 1 Soch t j rh4 division Is further 8 tP 4 ngthened 

bv having as a raeraUr the Hon FUhn Hoot forratr Secretary 
of State ih( « fire a j^uat many problems in fundamental 
science which are InUrnathmal In their S 4 4 >pe and of aadt 
charactir that they do not properly come under the divisions 
of sdtnce and technology Ihese qucsitlons will have the at 
tenflon of the Divisions of lorctgn Relations which through 
Its conmAtions abroad will be In a position to fnalntaln clot© 
contact between Investigators in similar fields In those coun 
tries with American workers to their mutual advantage 
IHvMof of Staiei iestoMons— Ohalnnan Dr J C Merrlam 
of the Unlvmity of Oallfomlo This division has for fts 
purpose at present the study of the relationships of the various 
agencies within a State which are concerned either wKh the 
development or the application of scientific knowledge In 
the work of certain cornmltteos organised by State Oounclls 
of Defense to meet war condldoiis there Is much to Indicate 
til© value of concerted action in pioshlng forward sclentlilc 
Inveatlgatloiis upon matters affecting public welfafo It is 
helped that In many cases State committees an be organised 
for the pnrpose of bringing about more oomplete oobperatlon 


between the various State edentlflc bureauSi the odenUllc 
departments of tts ooUeges and nnivenlties, the sdenttOe 
analects of Its industries and matters of oonserrstlon ss 
well as of public health It seems <d>vloas that soch com 
roittees should regard the needs of s State and Hs reeouroes 
In min Institutions, and materials with which to meet thess 
needs, from a wide angle of view and with s long rraCh 
into the future The division Is now placing Its plans before 
those who are interested both in the progress of knowledge 
and the fundamentals of science^ and the apidlcatlon of this 
knowledge to an phases of public good. In the h^ that H may 
have the ben^t of consideration from many points of view and 
thtreby be able to associate Its activities so as to sccompIUb 
as much aa possible The division reaches a gresit diversity 
of intmsts thfongh its membenhLp 

The IHvMon of Educational Relatiom — Ohairman, Dr 
Vernon Kellogg of Stanford University This dlvlalon bases 
its work upon the principle that a fundamental factor In the 
advancement of learning and civilisation Insofar as this Is 
depindent upon education Is the ability to conduct research 
progressively Inasmurii as the large majority of research 
workers are to be found In the universities and colleges upon 
which we must also dipt nd for the dcviiopment of new workers 
and that it is on these Institutions that we must depend for the 
ch\(.lopment of new workers it Is incnml>ent upon us to ns 
sisi in creating the alinonphore and the opportunity favomble 
to thi stimulation and activity of bcholir^ and those are to 
huoinc scholarK rht moinborvhlp inrludies officially a[i- 
ixiiiitid riprthentativcM of all the universities associations and 
Hu United Stales Biirtuu of liduoution together with a num 
1 m 1 (if iiifinhii'4 at laigc ainoiif^ whom may be mentioncti 
4liru1iain J ItMur bocrctaiy of the Qeniral Eklucwtlon Board 
H S PrlNIutf preddent of the < iimegle foundation for the 
Ad\wi.mint of itarhlng nnd Hirbtrt Hoover 

It Is felt that wc have reached n stage In the progress 
of restarch where we may well pause to consider what the 
conditions are which at present binder research In American 
colUges and universities or which if more fully developed 
would permit of increoscd productivity in resoaroh One of 
llu first activities of the Division of Lducatlonal Relations 
will be lo seek the cofiperaUon of Institutions of hUher idu 
cation in a study of these condtllons Ihls study has already 
hetn actively begun 

JHiMon of InduMirwal Relations -This division has for its 
ihairman Dr John Johnston of Yale University and Its 
membtrslilp Includes representatives of Government bureaus 
of the Naval Consulting Board Industrial research laborato- 
ihs flu mists engineers and business men Ihe division en 
deavors to stimulate a better appreciation of the neceeslty 
of npplylnis all the science at our command to our Industrial 
problems aniLto support and engage In researches In funda 
iiu ntal fuUnce In order that there may be more knowledge 
without which the solutloa of many production and process 
problems will be Impossible This division has carefully con 
hlflend the present sltuathm with respect to Industrial re- 
s*arth nnd has launched Its activities with a proposal to or 
^anl74 an assodailnn for a11o>s research which association 
will Im made up of both consumers and producers of alloys 
who can Jointly support re search on the fundamentals of pure 
and alloved metals In several special brendiea of industry 
progress awaits determination of chemical and idiyslcal con 
stAiits with respect to the composition of metallic mixtures 
The field is so broad that no one concern would be Justified in 
doing all of the work os thorou^ly and as fondameotally aa 
Is needed At the same time, the advantage to the respective 
members of the association will In the end depend upon their 
ability to apply the data thus secured so that the proposed 
InviKttgatlons present an unusuallv attractive opportanlty for 
cooperative effort into which no spirit of comiqerdal competl 
tion need enter The dtviskm hat prepared a tentative ontHne 
for the fbnnatlon of such an associntlon and following a dis- 
cussion with those most Interested, wDl awn be tnvltlag 
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manufftctuws to b^Gotue members on a baalt that suemB oer 
tain to make nmuual returns for the expendltun ihe dl 
vision has also inlttatcd work with respect to research In the 
great cotton Industry, and In co^ration with the World Got 
ton Oonfertnee, held In New Orleans In October, 1919 plans to 
assist the various branches of the cotton industiy to unite 
on some research policy and to engage actlv«dy and consist 
ently In the prosecution of research A start has already 
beeh made by several of the assodatlons In the cut ton trade 
but there seeoM to be an opportnally to corielure these 
movements and for this purpose the Chairman of the National 
Reacarch Council and the prcbldents of the Nntlomil AsaoUa 
tlOD of Cotton hlanulactunra the American Ottou Miiiufac 
tnrers Association and the Aim ruan So<ki> tor iivtlng 
Materials ba\e betn askrd to join In the uppolniiiieut of a 
small committee which will survey the work In America 
outline problems which should be undertaken Immcdlateb 
^ug^est methods of attack and prepare a budget for the 
(onsldt ration of the various associations which munt Join In 
financing and organlring the specific work This iiuestlon 
has an International pliase for cotton Is a commodllv of nnl 
vernal importanrt and some featuros of the problems must 
be considered In other cotton growing and consuming coun 
tries It Is contemplated that eventually rest an h a^^eodn 
tioQs la the cotton Industry will undertake various himm Ini 
problems slmultaneouely for the kood of all and fot thi 
direct lieneflt of the race 

Special attentdon Is drawn to the American Asbodatlon of 
the Baking Industry and Its recent accomplishment In estali 
Ushlng an American Institute of Baking for which tiu Na 
tlonal Research Council Is about to appoint an nd\ivor\ (om 
mlttee riic division of Industrial Relations has had some 
part In assisting the association in its work and it Is a 
pleasure to be able to say that the baking Industry Is about 
to begin through Its Institute a program of npplUd science 
In which the people at Irfm are directly (oncimid In addi 
tlon to reseanh Into the fundamentals of the baking Indus 
try there will 1 >l specialists a\flllabU for woik upon proh 
lisns of ppiMluftlon and a tenter w'ln be et<.tubllBhed which 
will grenlh assist In dlrccliTu, tin education of those now 
engaged or aliout to engn^e in ihc bakmg Industry Problems 
of nutrition the ixisstbllltv of pmduclnk nri icinnlly nutn 
tlous and paint ahl* loaf nl a lower pilcc the best irutho<t 
of handling \Brlous floiiis and the pusslblliU of iislnt the 
many food products whl<h science Is constantly Improving 
without lowering the actual value of the bakers product 
liMlIcHte but one or two of the lni]M»rlaiit problems whicti 
face the Institute Di H I Ibirnntd for a look time ns 
soflated with the Indiana State Roaid of Health and I»td 
fml land Administrator of Indiana during the war be 
comes the dlnctor of the Institute 

Thtpe are many other special fields In which an iftort will 
be made to have research undertaken on a more extensive 
plan either la the laboratories of the Industrks In existing 
laboratories both of the university and commercial type 
or in new ones to be established in spi dal Instances 

Research Information fiferpioe— Dr R M Yerkes formerly 
of Harvard Unlversltv Is the chairman of this dUldon The 
service maintains a large permanent staff and is really a 
clearinghouse and Information bureau for sdentlflc and In 
dusMal researdi The service sedu to promote researdi by 
sm^Oylng individuals or Institutions with such Information 
or to advise concerning researdi projects* the location of 
special equipment an indication of methods of attack the 
problems now being solved or proposed for solution, or with 
published results to the end that ooOpenitlon may be eo 
conraged, duplication lessened support Increased and the 
exdiange of reports concerning progress In related investtga 
tlons promoted By Increasinc the efficient dlstrlbation of 
r c e eaich eflOft, U Is entaln that greater wMon^ may be exer 
deed In tlie clioioa of pcoUems and It Is one of the ol»:|eeta 
of the service to asslit la reaching this desired ead This la, 


of course a large program and for the present the service 
seeks to develop as Its principal mechanisms of exchange a 
carefully cross referenced catalog of current scientific Inves 
tlgatlons, a similar list of research laboratories a list of in 
vestlgators with suitable cross references a cntali^ of sources 
of *Mkntlflc and Industrial information and such blbliogra 
pblis digests etc, as are Incident to this work Obviously, 
to accomplish this purpose the lieseanh Information b«r\ke 
must ha\e Lbt cxHiperitlun of all Investigators and such Oo 
operation is mvltod The extent to which directors of lab 
oratoiliH and invcstlkators generally can give their assist 
niicc w It determine the success of this Important oodertak 
ing and there is every reason to believe that those who are 
willing lo assist will receive fai more than tluy contribute 
IhU I*) iKit an attempt to centralise and control sdentlflc 
woik but an off<irt to bt of greateMt possible Mrvioe 

At the moment bc\er&l Important publications are In prep 
iiiHtbMi <»r are the press the first belnh n bulletin on Ihe 
Nalbiiiul Importance of bclentlflc and Indufatilal Rcj^auh 
b\ II number of authon» Research lj\lH)ia4oile<« In Indus 
liiil 1 stabllbhments of the United States Is the title of 
unolbir bullitin suun to go to press In which the Industrial 
uscunli lHb4>ratories their loiatLon special UeldM of work 
sl/e of orgiinlratloD unusual equipment, etc will be tain 
lilted and cross Indexed for the benefit of Che Industries and 
(hose iHincf rued In tbtlr application of science 

Ibe dKIbionv of the necond group are those of seienci. lud 
technology seycn in number The organiratlou of woik of 
tills characTter baa liocn difllcult since In any effort of this kind 
cHieful precautions must be taken to do nothing which might 
discourage Individual effoit or Initiative That miny of 
till notable advances in science have been made b\ InrlliJd 
imli^ many of whom work more or less lii a state of isolation 
Is well ucognUcsl but Vt is equally clear that in ininv In 
siunccs such a bcnlu*i If provided with proper as*«lMaii'e 
will accomplieli far more Ilian would otherwise be possibb 
It W l>ptU\cd that cooperation can accomplish this and the 
siluiilton Ih will cvpiesscsl by the following paragraph fiom 
ibi < on e^liomb nu files of the Council 

Witlimit Mu |MiM>iinil without the laboratory and the 
gnat faitorv Iniltltlis 1 l)oeome but a single, Isolated unit 
and wDitli blit a few per lent of iny value as part of that 
developed organization 

In piactbstllv nil casts any division or commute® activtt) 
lias iieexsisHrilv Inen pnsLeded by a can fill survey of the 
spednl fiild In wlndi It Is working The object first of all Is 
to beconu aequalnlMl with the prestnt status of luveatlga 
tlons in ord( r to dtterniint whi^re the knps and nls ing llrks 
are s<i tbut new effort nray bt directed tow aid filling them 
bmli cunferomes and discussions have also servid to bring 
together those InteresUd In various ptiasc^s of a common prob 
It II and this al*Ta\s n suits In much boneUt to those con 
cerned The Council In all Us worl seeks to avoid dii 
plliatlon of any work well orgnnlzisl jind in Kood hands Tn 
inniiy cases Us divisions have laeii able to tneoutage those 
now enkagesl upon the solution of Home problem have sug 
gf*sted new hnes of attack have hei a able to loc*at( Mp del 
appsntus and somitlmis Ui Imreiibe the numlier of workers 
in a particular field or to secure the Interest of new workers 
In checking ovcv the work duplicating some of the experl 
nients for (!ODftrTnatlon and preparing the data for publication 
In some Instances duplication Is unnecessary while In 
others it Is highly desirable to conduct klmtlar expeiiments 
in different laboratories to reduce errors due to personal 
equation and likewise to conduct the experiments under the 
different conditions which naturally exist In vartoos lab 
oratories 

Division of Physical Scimres — Chairman, Dr O B Menden- 
hall of the University of Wisconsin The Ameilcan section 
of the Intematlcmal Geophysical Union has been a eonmklttes 
of this division The American branch of the International 
Astronomical Union Is undorgolng reorganisation fcdlowing 
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succPMfiil activities as a coinmittee of this division While 
steps aro about to be taken to or^anlBo an Araertoon branch of 
the International Mathematical Union wliltdi will have im 
portant work to perform A number of research committees 
to study conditions In \arlous fields of the physical sciences 
are In process of formation and at present 30 committees are 
d(.\otlns attention to 8U(4i lni|i>ortant subje^s as X ray 
SiKHtrn Mlgh \aruii Tluiiry end Practice of Wireless 
Acoustics Illkh mid Lou leinperatures Aeronautics 
Muffnctlhm and Sj^ectioncopj ihc division Is carrying 
on (oopemtlve uork with flu 1H\lsUm of Chemistry and 
Chemical 1 ethnology on the tablcb of critical data and also 
In the administration of the rescan h Mlowshlps, which will 
be mentioned below 

J}in$ujn of 2 — Olialrtnan^ Dr C A Adams 

of llar\anl ITuhtrsll^ This Important dhlvlon has 
been organliMMl with tlie coopt ration of the American Society 
of Mechaulful Fngliiecrs I'he American Institute of Llectrlcnl 
Enftineerii tin Anidifun Institute of Mining Engineers the 
American Society of Chll I nglnetrs tht Amirlcan Society for 
Tenting MaUnals bhc Society of Automotive tnglneers the 
American bodety of IllumlDating Engineers the Western So 
cUty of I’liglnetis Its per^ionml Is composed of offlclalh ap 
pointed representatives ot these societies together with 12 
members at latgt The Enginecilng Foundation is repre 
sented by five inembeis one of whom Is the chairman of the 
Englniirlng Foundation Whin one considers the broad Add 
of inglneerlng fspecinllv as repiesenUd by the societies 
Indhnted abovt It is apparent that this must be one of the 
most activi divisions of the Oounill So far Its work has 
proceeded under the direction of some 20 special commit 
tecs and the problems upon which study Is being directed 
arc all of Immediate Importance to Industry at lary,e 
Its coinmlttcs on pvmmeteiH hns made a report In the foim 
of a BviniMtslum at the ( hlcfif^o meeting of the American In 
stltuti ol Milling and Mctalluigleal Lnglneers and mun 
than 00 liniMutnut pn|iei> w<te presented The committee on 
fatigue phenoiniiiA 1ms In progn^s very Interesting, work 
from which may conu piacticol meUiods for determlnlnj. 
In ndvancs whin the sticws to which nictnl Is subjected 
In use ba\< coriltd It iiiaih to the breal Ing point so that 
nplaccini nt«i and repniis can Im made In adyontc of an 
noylny, or eytn dlsastruus breaks Some of the other Im 
portant subjests aie Puhc^rlzatlon Standard Irathm of 
lhaiink Metals Iim»h of Allowed SUila Welding Re 
aeauh Iu]pro\enu nts of Metals at n Rlue Heat The 
Hiat Trcatuieiit of (aibon stetl The Illmlnatlon of Inclu 
slons from Stic] nml hlectrlc Insulation 
Dtiinon of ChtmiMfry and CheminU iKhnoloi/y — Chair 
man Professor W D Bancroft of Oomell University In the 
organlratlon of this ImiKirtant division the American Chemical 
Society thi American I U itro Ohemical Society the American 
Institute of thfinleal lnglneers and the American Ceramic 
Society have hi'en active The special duties of this division 
seem to fall Into three spcvlal phases flnf, securing cofipera 
the research on fundumenial things second tht suggestion 
and assignment of Mpecial reaearch problems and third the 
brlnglog together of men lii different fields It Is thought that 
often the research student may an well be assigned some 
problem whldi will supply missing data In some broad plan 
rather than to undertake some other line of work whlcA may 
be Juat AS Important In Itsrtf hut of less consequence at the 
moment beoauae it Is not correlated with work that has 
been done Hence, lists of suggested problems are being 
compiled with the purpose of suggesting them to those who 
are concerned with the direction of graduate students and 
others Interested In research In this division there Is a com 
mlttes CO explosive investigations, of which Dr Oharles B 
Munroe Is dialrman and the work they are undertaking has 
the direct support of the Departments of War and Navy and 
the B u re a u of Mines of the Department of the Interior The 
actlvltlea of this special committee win be dlacussed In greatfr 


detail In subsequent reports Other committees all in 
clutllng men In the foreftont of their fields are a oom 
mlrtee on synthetic drugs one on the chemistry of ooUolds, 
another on the thermal properties of sxifioalve materials, a 
committee on caramlcs research another on sewage disposal, 
and another on chemical Journals In additl<Hi, a committee 
on the teadting of organic diemlstry Is being organised, with 
the hope that it will be able to make suggeetlons that will 
prove thi teaching of organic chemistry In our universities 
It important that more stress should be laid on quallta 
tlve organic chemistry a field which has not thus far had the 
atrenlloD It deserves 

Naturally the Division of Chemistry is called upon to 
lodiierate with many other divisions Thus It Is Interested 
with the geologists In developing a theory of sedimentary 
rocks The applications of colloid chemistry are of direct 
iiitenet to the biologists, and there arc many points In 
common with the physicists A problem of unusual Impor 
tance Is the production of different kinds uf pure rare sugars 
by incunb of which various bacteria may be identified and 
differentiated, which Is in the field of inedldne The Division 
oi Cbeml^itry is directly concerned In the National Research 
hellowshlps to be refen ed to later 
DtflsIoH of Oiolotfy and f fopraphy — Chairman Dr R B 
Mathews, of Johns Hopkins University While geological and 
geographical matters have been pretty well organized by vs 
rlous State and Federal agencies It has become evident that 
tlic Division of Geology and Geography can do a great deal 
of oonstnictlve work in surveying the entire field and at 
tinnptlng to have certain gaps In the Information supplied 
bv means of new researches Ihe division Is also In a po 
sltlun to act tLH a clearing hou<ie for information and to bring 
together men widely separated geographically who would 
ia(h profit by knowini, the ectlvltles of the other the dlrec 
tlon his work is taking and the present status of his In 
vistigatlon Id sonic cases work on n problem has ceased 
when some Individual has been compelled to drop It and fre- 
iiuenth It Is well worth while for another investigator to take 
up tin till cad and endeavor to solve the problem The aim of 
the division Is to work with tvlsting orkaniaatlons and to 
MipiMirt their effort* lather than to establish a mw agency 
of reseiich which inli,ht liave < oiifilctlnh Interests 
ihxiBton of Mnhcat SaemfS — Chairman Dr H A Ghrls 
tlan of Harvard Uolversltv To Indicate the many lines In 
which the Division of Medicine is Interested would involve 
II diHiUsshin loo lihgthy for this present announcenient Plans 
im Nlng inade foi invi stlgatlon of medical problems in in 
diistrv at the slight st ion of the Engineering Foundation 
also ceitaln atthities In neurol(%y and ps>oblatry are under 
(onMilerathm Work on Intestinal parasites anaerobic bac 
term and studies of pacific therapy and allied problems in 
(ooperation with chemists are being outlined There are a 
number of cooperative Investigations which are to be under 
taken with the phvslclsts and questions of publication in the 
biologic Hi and anatcnnical fields, upon which work Is being 
done There seems to he an opportunity for oonstmctlve 
work In Intemiitionnl Indexing abstracting and the critical 
review of scientific literature as well us a possibility of es 
tnbltrtilng a central bureau of Information regarding technical 
methods which are applicable to the medical sciences 
While many of the dlvdslons are Interested directly in the 
International R search Ooundl and Its activities none la 
more concemevl than the Division of Medical Sciences and 
great expectations are held for the ultimate success whic^ 
will attend InteruaUoosl effort In the suppression of communl 
cable diseases and epldenlcs In their earliest stages In the 
areas from which they are believed to spread 
DivMim of Bioiopy and AprievU are -^-Chairman Dr O B 
McOlung, of the University of Pennsvlvanla This Important 
division has a number of projects In the hands of several com 
mlttees, some of which work In doss coOpmtloa with other 
divisions of science and teddiolngy Some of these commit 
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tew haTe been tlie outgrowth of eUnllar ones la the Ck>uacll 
durlug the war organisation and work begun then can be 
profitably carried en under the present organltatloD Typical 
oommlttees are those on food and nutrition and on forestry 
In them are representative leaders in the sciences and their 
projects are of vital concern to the public The Committee on 
Food and Nutrition Is divided Into a Subcommittee on Human 
Nutrition and a Subcommittee on Animal Nutrition with 
8pe<3ial reference to animals of agricultural Importance Ihe 
(^Ject here la to promote sdentlflc research upon food and 
nutrition problems and to bring about closer relations between 
the two fields of work represented by the 8ul>roinmlttees 
A Study of the economics of nutrition and Uh national and 
Internattonal phases as distinguished from personal nutrition 
Is to be undertaken Blforts will be made to promoh codrdi 
nation of both American and foreign research and to conduct 
authoritative propaganda work In the Intere^ of better 
nutrition The funds which have been Intrusted to the Na 
tlonal Research Council nrt for the support of Its g^eral 
organisation so that au} spetlol undertaking, must be financed 
Independently Therefore an appeal will shortly be made 
for additional funds with i;\hlch to carry out the work of the 
committee above tnentioued and It N «ncnurnglng to bo able 
lo ^v that one of the large food companies has alread> entered 
Into an arrangirnent to contribute to the support of the re 
Siarchts proposed 

The Committee on Forestry appeals to a threat numbir of 
Indiivtrles which will be directly benefited b\ the work it has 
In hand Tiie forest ptoblems of the nation an so large 
that some such lofiperatlve body Is (hsentlal to their tnr1> 
solution and without the data whhh cannot be olitalmd 
otherwise than b> bucli lesenuh stuihis it Is obviously Im 
possible to formulate a ratlonifi foust policy for all parts 
of our country One of th* protihins upon which this com 
mil tee will work la systematic intusuremenU on thousands of 
nptesentatlve aroas well dlsti Ihutcxl ovu the forest regions 
of the United States to determine how lapldly our second 
growth timber is producing the amount and kinds of merchant 
ubk timber which our induslrieq will require In the not 
distant future The wlution of this pniblem \% more difficult 
than oppeare on tlu surface for It ln\olves tlu succession of 
veketatlon on cutover land and Is closely allied with onothei 
pioblem which the standardisation of lumbering practice 
und forest tieatment to Insure the self perpetuation of forests 

It Is well known that a certain Ivpe of forest does not neces 
sarlly follow Itself but Is often succeeded by an entirely 
dlfTerent tvpe of veg(*tation aometlmes of n shrub character 
We therefore must study the effects on the second growth of 
the different methods of cutting the old stands and of different 
wwys of handling the land after the cutting has been made 
The proper use of fire must be determined for in some In 
stances the data Indicate that the use of fire Is beneficial In 
preparing the new seed bed We need to know more about the 
number and kind of seed trees which should remain per acre 
and the effect of graalng upon the new stand If a lumber 
man Is to bold his cut-over lands until the new forest becomes 
of commercial value, It Is essential that some method be de 
vised whereby the land can be made to earn at least enough on 
the Investment to pay the taxes and overhead expenses and 
it seems possible that graslng, which involves the ejection 
of the best forage grasses for the purposei may prove to be the 
solution 

Wt also need to know more concerning the correlation be- 
tween the blc^oglcal factors and physical mechanical 
chemical and structural qualities of timber All of these 
questions and many othmw Involve cofiperatloa on the part 
of federal and state agencies as well as a large number 
of IndlvMiial workers Funds will be required to carry 
out the work whldi will begin with a careful tabnlatton and 
study of prese nt Infonnatlon and work In pr o g r e ss. In order 
that those agencies now Iq the field may be taconraged to 
supply the missing psrts and new agsndee have^fhelr eff o rts 


directed Into the untilled fields from which additional data 
will be secured Jills typo of woih directly concerns not 
only the lumber interests but those for whom wood Is a 
raw material In this list may be induded the mak^ of 
whe^ handles, bovos veneers, and the many specialties 
into which particular kinds of wood enter 

DvvMon of AfUhropoloffy tmd Psychology — Chairman Dr 
W V Bingham of the Carnegie Institute of Technology This 
division Is Just completing Its organlratlon but something 
of what may be expected ( in be forecast from the activities of 
Its predecesbor m tbe uar organisation 

Jlu lists of mental uleitness for enlisted men providing 
loi thoM charaoterlsths uhioh are Important In the aviation 
servlci wen prepared hy this division aud tht < ontrlbutlons 
of ps>€iioloi,lBtB to tliL studv of qualifications for flying and 
the p<ivcholobl(al eff«cts of high altitudes were of the first 
Impnrtanci Aid was remhred to the Division of Psychology 
of thi Medkal Depart mint of the Armv lii administering 
mentiil ti stn to offidm and enlisted men Tlie rating of sol 
dills according to uicntiil alertuess or of iDtelllgence 

aldid innteilallv In the proper utlliratlon of various grades of 
lntclli|,en('e and more than 17(M)00() individuals were ex 
amlmd It was demonstrated that ])sv etiological methods 
could lie d< vised und adapted to assist In hi kiting and train 
ing otiseivers and scouIh and It was lurgil> due to the efforts 
of the i>s\ilu>1oglMls that a morale hraiuli of the general staff 
was establ Wu d nnd fac ilUnted h\ the War Department 
These inllltiirv activities ilso evli tided ti> tin selection of 
suitable liMtk outs for merchantmi ii the selpction of men 
for spec !ul assignment In gunfire squads and to serve as 
Itstencis It Is a souree of gratification that the methods 
devised hv the division are proving great assistance to 
those won Ing independently In the classification of workers 
rills sort of work can b* profitably extended lo study of school 
(hildien and otheis with the result that special instruction 
can l)e undcrtokin in tlmt ond much lost effort saved 

It will be seen from thi above that all the sciences are 
more completely represented in one central organisation to a 
crealer degree than has evtp before been attempted In this 
countrv and this olone Is ven Important for n markable 
achievements Uhvl iiIwqvb resulted from the cross fertlUu 
tlon of the mb nets 

While Ihe sufcessful restart h workir must be a specialist 
in a Ti*irpow field he <jfton finds the appUcatlou of 
methoilH nnd u|>]Miratus of another science to be to his un 
donbted advantugi nnd nny man Is broadened by coming In 
contact with those hnviny, prlndpal Interests quite different 
from his own 

\ati09ial Rmtarfh ships — It Is not enough merely to 

enrourakc reacerch we must also In Ip to provide men to en 
gaM in fundamental research and It is therefore very fortu 
nate that the Rockefeller Foundation has provided a fund of 
^*100000 to be expended during the next six years under the 
direction of the National Research Council for National Re- 
search kellowshlps in Chemistry and l^yalos These fellow 
ships have for their purpose tbe confirmation of exceptional 
young men \u pun rest arch in these sdeuces and the inoraase 
In the amount of available knowledge secured by making it 
possible for the eTceptional research worker to remain In his 
field devoting hiifls^f to fundamentals at the time when he can 
aicoropllsh most namely Immediately following the receipt 
of his doctors degree These Mlowshlpi are unique In 
that the fellow may choose not only the subject of his re- 
search but the place at which he will study and the Ooundl 
undertakes to encourage researdi In the university chosen 
by arranglDg for suitable fadlltiea so that the woric may be 
properly carried out 

The National Researdi Oonnell In order to perform its 
duties must be kept free frokn undue political and industrial 
influences It ther^re derives Its support from a wide d«a 
ocntic backing, and it Is confldeotly believed that Its results 
will be snob as oonUnuslly to win even irider support 
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B1 OW 1 US 1 cm M Ito I Sf INf s 
Destbiition of hlowint Imtit in (terming for use in auper 
charging ultirifl englneH at high altitudofl 
T-he blowirs nn of thi centrlfugnl t>pe Thrtt or four 
ait dlroctl) <lri\Ln off tho tai,int Miaft sultAble pro 
vj^on being made to present torsional oscillation The de 
ll\(r> is rcgulatod hr throttling, the air intake of the blower 
Th( curhiiKtor hiis to he con)pt.n<intod for vorlatlona of air 
pKHsun In till usual mnnutr The ^peed of rotation la ^e^y 
hiKh — 10000 to 11,000 rpin and epetial steelB are used 
tor ilip rotors Ihe Mel^ht of a blower complete with fittings 
«>i]ituh1c for an ttiglnc 200 hp and capable of reproducing 
ground h ^cl er>nditlon<i up to IROOO ft is 125 lb Tho power 
consumed Is about 21 hp — 1V <J hoaih tn I lugipart. Sept 
10 1910 abstracted through rhe lechnUal Revievo Oct 28 
1019 


GASOLINL ENOlNlhS I Oil SPIlELl RAILWAY OARS 

Dimubsiois of the refqxxrti^e meiita of the tuo types of 
propulnbn for street railway aeolcc rhe wrUcr clatma that 
while the gaaollne motor Is excellent for certain duasee of 
aervke such as automobile and truck work It is not aoltable 
for street railway oara 

Ihe electric motor Is almoat Ideally suited for atreit railway 
service Its speed tor((ue charactirletlcs meet the require- 
meoLs a*i the electric motor has the tnormous starting torqm 
of the overload capacity and flexible «tiee<l (huracteristlcs 
mH,Msary to give the rapid aocelfrathm and illfr<rent speeds 
for street railway service In point of reliability It also stands 
very high and its cost of malntcnancf depredation and power 
are all relatively low 

The gasoline motor can maki street rars run but lt«i speed 
torqui charueterlstlca art not will ndiptixl for the work 
Thu*! ft absorbs from 2*5 to 80 imi cent of itA iiornml amount 
of power when running Idle It lias no startint torque and 
very llttlt torque at low sp(H.ds Otar ratios hdp to balance 
this weakness, but at last the kabollnc motor would give a 
\ery poor acceleration for u street tni ualess It were vers 
much o\ermotored 

The nllQl)llll> of the f,asollnc motor la also claimed to b* 
less than that of the electric motor 

As lefeordH costs It is clalmcsl that they would be higher 
for gnsolmu cars because the cjost of maintaining the trans 
mission on motor truuks and motor buses la >ery high It is 
also claimed that the life of a (.asollne motor Is shorter than 
that of nil electric motor 

It nin\ be well to enll attention In this connection to the 
fac*t that whfiu\< r the author sinsKs of motors for street rail 
wov service he compares ihi lUctilc motor with the airplane 
tvpe gasoline motor whhh Is of coura tho very last thlni, 
that could bo thought of for applying In street railway service 
W morer In \era October 1019 pp 871^8 


PKII RIORATION Oh NICKI f SPARK PLUG TFRMINALS 

ShRlICE 

Ihb most comraoDly used mat* rial for terminals In spark 
plugs is commercial nickel wire containing about 97 per cent 
DlUcd, the remainder being manganese, cobalt Iron copper 
and minor Impurities The poeullar type of deterioration that 
<Knirq la these nickel terminals during the service life of the 
spurk plug was recently brought to Hie aUention of the Bu 

' 78 


n au of Standards the priNtnt paper giving the main results 
oi the Investigation 

It has been found that the deterioration of the Gentral 
terminal was quite negligible compared to that of the side 
terminal or terminals Those Intaer wires bad developed In 
service transverse cracks that In many cases were as sharp 
and deftnlie as a knife cut After a separatioo occurred the 
bildgc widened by loss of material from ends of the frac- 
tured wires until a gap of as much as one centimeter often 
resulted The fragments of thi diterlorated wire terminals 
removed from The spark plugs were found on the whole to 
be rather ductile and stand several sharp right angle bends 
before bnaklng The extreme end portion immediately ad 
hirent to the break, however was brittle and broke readily 
when an attempt was made to betid It 

Ihe examination of the central terminal showed that a 
chofige of the same character as occurred in side terminals had 
token place In this one also but to a far levs extent 

Ihe tests would indicate that variations In chemical com 
position vuch av occur In commercial nick*l wire are not a 
d< itrinlnlng factor In the deterioration of the wire In service 
Terminals of nickel of relatively high purity wen found to 
be attacked in the some manner as others of lower nickri 
mntent Oxidation of the nickel dots not appear as being of 
fcreut Importance In this connection and thi action of hot 
reducing gusis though somewhat greater limn that of oxldlr 
Ing dw's not appear to be very great either 

It would appear that the main cause of embrittlement of 
the wire lies In the Intenie local heating bv means of the 
electric iqiark together with the siklden cooling nnd that once 
Ihe formation of transverse fntercrjsfalline ciack? has started 
Ih* npplkntkm of a wlatlviU low stress to the hot wire 
Is sufliclept to fracture the wire — ffcTirg S RatPdoii and 4 / 
Krynitsky in BaUeftn of tJn American Intiitute of Mining and 
Metallurgical Fnginura August 1910 pp 18231850 


rOPPTR nil. IT SION PHROrGH OASl IRON 
WllJ•^ a nialh nblMron hut luirked in copiier oxide packing 
and nnm^lcHl at 1000 dep **nit was takin from the furnace 
it was foiirnl that Uu copper tivid* was loducod to metallic 
coppei which Intkr w is iniltid nnd penetrated Into the 
Iron An avtrii,.* snnpli of ilu Imr showed that the carbon 



110 1 iTiUHS SUTION OI CHAV IBON BAR ANNIOAXJID IV 
COliLU OMD-P PACKING 

had been reduced from 2 70 to 000 per cent and that there 
was 21 4 ptr cent copper 

The test thawed for this bar a strength of 08200 lb per gq 
In and an dongatloa of 1 per cent In 2 in The electrical 
ronductlvity of the metal wag not maiterlally Increased by the 
presence at the copper 

In other tests the test pieces were pai^ked In blade copper 
oxide and heated to about 900 deg cent The results were 
different and a far smaller penetration of copper was observed 
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With grmj Iron qaft^ dlftvrent remilts from those for malle- 
able Iron were obtained This U iUostrated la Fig 1, whl<di 
shows a a o ss eect l cy of one of the bars Three distinct areas 
can be seen The area A contains all of the copper There 
Is a thin layer of oopper on the outaide and next to this the 
is very fln^dy divided and Is in tbe fbrm of droplike 
areas snrronnded by a matrix of Iron This matrix has a pe 
callar structure and Is more like steel than U Is like gray 
Iron The line between A and B, Fig 1 Is ^hown in Fig 2 
ihe dark area Is the portion containing the copxier The light 
portion In the same figure represents the structure of the 
section marked B in Fig 1 The same structure is sc«n in 
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lUe upper section of Pig 8 which Is part of the dividing line 
between areas B and C This structure is almost like the 
stmeture of malleable iron In appearance under the ml 
croso^M^ but scattered through It can occasionally bo seen 
flakes of graphite 

The center of the bar C Fig 1 has tbe structure of un 
changed gray Iron This is shown In the lower section of 
I'lg 8— ff B Ditter, in Ihe Foundry November 1 19T9 pp 
779 789 


TIN FUSIBLE BOILER PLUGS 
Data of an ezaminattoi, at the Bureau of Standards of tin 
fhsible boiler iduga fbr the Steamboat Inspection Service snd 
of the tests made aabaeqaently 
The esperlmoDtii results show that there are six primary 
rnusea for the rejection of- fusible plugs v^lch ma^*be roughly 


divided Into two dasses Under tbe first cUss* rejeetloas are 
Included due to mechanical defects of casing material Tbe 
second class Indudea rejections due to lack of purity of the 
tin filling The Impurltlea in the latter case may be those 
either present in the original tin or those Introduoed during 
the manufacture of the jdug 

The following conduslons have been reached ai to the pr^ 
cautions to be taken in the manufacture of fusible 9Lags 

1 Hie pig tin should be at least 99 7 ‘per cent pure, con 
taliiini, nut tmirr than 01 per cent lead or 01 per cent sine; 
whUh HU tbe requirements of the Steamboat Inspection 
Si r\b* 

J Ihe casing should he of bronre an alloy the major con 
^tlluints of whUh -irt copper and Un Small amounts of 
vine anil lind lncrea<g the ease of casting and machining and 
art not objectionable if not present In greater amounts than 
In the following cnmpofdtlons 

I II 

Coppei 88 ST 

lln 10 7 

/iiiL 2 5 

lead 1 

1 The pot or crucible for imlUng the tin should not be 
iisfd for milting other xnctaH thus doing away with the 11a 
hllllv of cont imlnalln^ the good tin wh<n tlicse are not thor 
onglih cleansed 

4 Casings should bo IJnnod on the Inside wltli the same 
grade of tin used for filling but Ihi tin If ft over from this 
priKtss should not Ik added to thi fllllnii to be used Zinc 
chloride flux niav Im used althou^^h hydrochloric arid if pri'^ 
ferret] though no flux need hi usid during the flllitig prucevs 
Jhi ensing should l>e pnhcnttd to not abo\e 250 to 275 
lUg cent (482 to 327 dc^, fahi ) niul tin should be poim^d at a 
tcmptrilure not nho\c 275 to 500 dcfc cent (527 to 572 deg 
fnhr ) — f Onmich and J 9 Ihomailo In /lui/rftii o/ ihe 
{mirunn Irniitutc of Ifttwip and Mctalluftfical Lnffin^tn 
\ugiiMt 1010 pp H5] 1300 


OIlIhICE MPASURFMLNT OF WAT I III II 1 nisrnAJlOP 

Tii> thlnplite oriflci mav be uaeil with e<»ntidenoe for 
imasuring tlu dlsclmr^c of water tlinniAh pux^ I ike miuly 
all methods It is Rubject to ^imc liinltatJoiiR althniuh It 
hilpa lo fill a growing need which his been pnitly filled by 
thi pitometer ond by the Inleitlon of chemicals riio pipe 
orifice la In itTfct a portable venturi nittei the dlv4id\antnge 
of the pl|)4 orifice btmg 1h( rtlatlvily 1 irgc lost h<n(l mused 
by lh< obstrucHon of the orifice plite however Muce the 
pipe on flee meiluid is pn>luibyh beht adaptixl to temporary 
ubc the lost iKXid cnusfd bv the orifiii would bo relatively 
aniall Cast's in whhli the pipe orifice gliuuld be of partlcu 
lar value have nlrmdj luxm sugge^ed In the introduction 

Although all tbe dcducUons and conclusions given In this 
summaiY apply to the mensurement of water atlenilon ^ould 
be called to the fact that the pli>o orifice is adapted to meas 
nrlng the discharge of air gas and steam through pipes 

The following points are important as a guide to the proper 
use of the pipe orifice method of measuring the discharge of 
water through a pipe 

1 The two sections of the pipe between which change In 
pressure head may be most reliably determined are the see 
tlon at which normal flow is discontinued and the stream 
begins to converge as It approaches the orifice and tbe sec- 
tion of greatest contraction of the Jet after it leaves the orifice 
Regardless of the ilse of pipe for all sires of orifice which H 
Is feosible to use» the distance from tbe plane of the orifice 
to the seetton of beginning of oonvergeoce may be takeo n 
eight tenths the pipe dlsmeteft and the distance of the sec- 
itlon of greatest cootraetkm as four tmths the pipe dtaunetcr 

2 The drop In presnre head betwem these two sections Is 
greater than that to be found for any other two sections near 
tbe orifice 
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3 Having given the measured difference between the pres- 
sure head at the flection of beghmlng of convergexwe and the 
prefliure head at the section of greeteet contzactlon the dla 
charge may be determined through the nee of one of two 
equations given In the original paper <ln one of fheae 
equallona there la used a coefficient of discharge which la a 
variable quantity ) It dt ( rrascfl aa the eiie of pipe iDcreaaee 
It decreaaefl allghtly aa the drop In presaure head increaaee 
It has a minimum value for oriflees having a diameter of 
one-^thlrd that of the pipe and Incrcaaes as the diameter of 
the orifice becomes ^naUr or becomes less than one-third the 
diameter of the pipe 

4 Ihe lost bead caused b> nny given orifice In the pipe 
In ik rma of the velocity In the pipe may be determined by an 
equation gtvoii In the oilglnal paper and la always leas 
than the drop In pressure head between the section of begin 
ning of oonvirgctice and the gecHon of greatest oooftractlon 
but approaches It in value as the ratio of the diameter of the 
pipe to the dlameCer of the orifice {D/d) Increasea 

0 Due to the fluctunttona of the liquid In the gage tubes 
the systematic eiror of rending the gage Increasea as the 
ratio of the diameter of the pipe to that of the orifice de- 
crenflea but when that ratio (D/d) Is 2 or greater the error 
may under normal conditions of flow be reduced to a negligible 
quantity by a proper manipulation of apparatus As {D/d) 
becomes less than 2 the accidental error of reading the gage 
increases very rapidly and also snoall errors in the measure 
ment of the diameter of the pipe or the diameter of the orifice 
are likely to be the constant sources of an error of increasing 
magnitude In the computed discharge Ihe Indications are 
that for favorable condHlona of flow and with rare In In 
fltaUing the apparatus and lu oliscivlng discharge may be 
determined gcnirally within 2 per cent whin the diameter of 
the orifice is not In exuwa of two-thirds thatt of the pipe but 
this site of orifice seems to he alsmt the niaxlmum that can tn 
used except for approximate detennlnatloDH of discharge 
When the magnitude of the loftt head is not the controlling 
factor in the choice of si sc of orifice beet results art likely 
to be obtained If the diameter of the orifice Is not greater 
than one-half that of the pipe 

0 For orifleea having a dlametir greater than one-half 
that of tb© pipe the use of two opposite pressun opealQgv 
at each section Is important because of the probability of 
the orifice being somewhat eccentric with the pipe, cmleas 
greater care la taken lu placing the orifice than will usoallv 
be found practicable S>steinatlo errors of oboervlng may bi 
greatly reduced by proper throttling 

7 The coefficient of discharge for bevel edged orifices Is a 
much more variable quantity and Is materially greater than 
the (oeffUlency of discharge for thin square-edged orifices 
The use of the bevel-edged oriflie seems not to be practicable 
except for approximate measurements when the orifice dlam 
ter Is greatt r than twothirds of the pipe diameter — Boffimid 
B Davi$ and Uarvey H Jordan In 7 kc tTmocrtlfg of IHinoU 
Balkan Dec 2 1910 


TURBI^RGIlAH DRIM- l-OR lORPKIHl BOAT DK 
STROIERS 

Tbi design of propelling machliierv for destroyers Is an un 
usually difficult problem In view of the fact that a 120(Kton 
destroyer requires propelling machinery of a capacity equal 
to that put Into a 30000'ton battleship and that this machinery 
most be operated by a foive of W to 40 men In the small 
boat as against 200 in the large boat 
The relatively greater power required by the destroyer la 
due to Its higher speed The power required kicreastog ap- 
proximately SB the fourth power of the speed and the two- 
thirds power of the dlsidacement As the propeller speed can 
be iucroBsed with the rtilp speed the speed of the propeUtaig 
machinery can also be Increased, In addition to which the 


type of machinery must be of the simplest form poari b is eon 
slstent with rdlablllty and eomomy 
Increased rotative speed means decreased else and weight 
of driving machinery The use of reduction gears allows the 
main turbines to have hli^er speeds, which. In Its ttm, leads 
to decreased steam consumption with the resnltant decrease 
In weight of fnel necessary for a given cmlslng rsdlOA For 
thennore with the high speed geared toihlnes a relatlvriy 
large number of rows of blades or stages can be used at 
slower H)eeds, at which the boat chiefly operates, wfaldi tends 
to give good efficiency at these speeds 
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The aiticle gives brief Information on the fuel economy of 
Imata of the deroson t^pi compared with similar data of the 
U S battleship Tennessei It Is of interest to note In this 
lonnoctma that In unofflctal builders trials on the ‘Clemson 
at about dO knots the machinery developed a diaft horse 
power on sllglitlv less than one pound of oil per hour and 
that till boats reached a full speed ahead of 80 knots 
Interesting data arc presentetl In reference to the influ 
met of the depUi of watei In which a boat Is moving on Its 
s|M*ed In g^iral, the deeper the water up to at least wa 
tioat length, the faster the boat will go with the given pro- 
pulsive power, but with long naiTow boats of the torpedo or 
destroyer type there may be n shallow depth at which the 
boat speed will actually be hl^hi^r than at any greater or 
lesser deiUh This la sliown in tig 4 made from trial data 
and has been confirmed In trials of the destroyera of the 
Glemson type — W B Flandtr$, \n 7 he Blectrio Journal 
November 1919 pp 474 470 


I RESENT LIMllS OF SPEED AND POWER OF SINGLE 
SHA>T SIKAM rORBINES AND TURBO GENERATORS 
Thk steam turbltie la a comiMTatlve new comer In the field 
of prime movers and it was only about ten years ago that 
units of 'VOOO to 6,000 kw considered In the light of 

highly haaardoua experiment! fodav units aa large as 60000 
kw are considered to be perfectly practicable and both operat 
lug engineers and maDufiarturem of cintral station equipment 
are interested to know whether there are any limits mechan 
kal or economic to the slse of turbines 
The general feeling seems to be that the chief limitations 
are economic In (hat extreme large units are still very costly 
p» unit of power developed and Involve gioater risks to case 
of disablement At a recent meeting of the American Institute 
of Electrical Engineers repreaentatlvea of the largest manu 
facturera of turbo electric equipment In this country presented 
three papers of sufficient general Interest to make the follow 
ing abstract 

The first paper by SUdl Berg starts by showing that the 
limit of a single unit turbo generator doea not lie la the 
genenitor, but Is cooflned to Ihe steam turbine and that the 
limiting feature of the latter Is the laat whed Ihe paper le 
based mainly on the work done bv the General Electric Oom 
peny 

Queatlosa of design of the large turUnes and of the colld^ 
tlons llmMng the atae are dlacnseed 
Bffldent action at the tOadsa in targe-slsed turMnee opfirat 
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Ing wKli tti 0 high TftcuitiD can be acoompUahed onlj by iMliif 
Hie bucket apeed that bears a proper ration to tbe rteain 
vekoeily, whtcb tRcana ttiat to get the largeet capacity not 
only long buckets mast be used but they must be mored at 
a very high speed On ttie other band, to obtain good bucket 
action the buckets should not be more than about one-quarter 
as hmg as tibe pitch diameter of the wheel 
The use of a high steam speed In the last stage naturally 
hoptlea that a actively large proportion of the total steam 
energy must be oUllxed there and such ooooentratton of work 
Into s slnidn stage has Ks disadvantages even If the best 
r^thms of velocities Is maintained 
Since such a stage Is doing a large amount of work It la 
naturally leaa effldent than a stage of atmilar character doing 
less work 

In this wsy the last wfieel of the turbine becomes one of 
the llmltlDg features of the ovemll dimenskma Energy and 
tilDclency corves (Big C) of the last stage are given which 
show that at the most effldent point, this stage absorbs 11 5 
per cent of the total adlabedc available energy and that the 
wbed efflctency Is 86 25 per cent But this la for an output of 
21000 kw and In the name turbine whoi the load increases 
to 86000 kw the energy In the last atage Is 200 per cent of 
the total energy and the whed effldency goes down to 542 
per cent 

The condnslon which the author ooines to Is that for a given 
speed there Is one partlcnlsr slae of turbine which can be 
designed to be most economical as to steam consumption, 
weight space aiMl price per kilowatt Even If a stae smaller 
ttian this Is required It wtmld In many Instances, pay fo' 
the central station to Install a largtt* unit even thonidi It 
would have to run at reduced load for some time before ilie 
station load increased sufficiently to utlllie Its full capadty 
F D Newbury dlscuwes the conditions determining tho 
else of a turbine and oondltions limiting It 
In the oidnlmi of the wrM^ tnaxltnum output at any 
speed when reduced to the simplest terms is attained when 
■lot space is provided for the maximum possible ampere 
turns (In either stator or totor) and core cross section Is 
provided for the maximum possible dux 
These condUtons require the most effective rotor diameter 
and the maximum rotor and stator core lengths. 

The most effective rotor diameter for a given speed Is not 
necessarily the largest diameter and to obtain maximum out 
put at a given ^toed the rotor proportions must be chosen 
properly to balance mechanical stnsseB rotor ampere turns 
and flux 

The electrical factores In generator design are discussed 
by the writer who believes, among other things, that a fun 
damental difficulty In setting down definite limiting outputs 
Is the difficulty In arbitrarily setting limiting stresses 
On the other hand, limit of length of the rotor and stator 
cores Is determined mainly by such considerations as cooling 
air requirements bearing proportions, by limits to weight Im 
posed by tranq;K>rtatlon facUltlee and the ability to secure 
forgings of necessary diameter and weight 
To give an idea of the character of theee limitations It rosy 
be stated that, fbr example, tmnsportatlon faclUtlea may Im 
poee a limit to siie in the case of 0 and 8-pole 00 cycle gen 
erators From the special nature of their design and the 
■pedal SklU and equipment required for winding and asaem 
bllng; rotoiu dMrald be oon^deted at the builders factory 
and flipped as a unit The weight of the complete rotor of 
a 4-pQle 1.800 rpm generator of 40000-kva capacity wUl be 
roomily 00000 lb This can be transported without dlffl 
coKy, but the largest possible 1200*rpm rotor would weigh 
UKm ttian 200600 lb and would require rolling stock and 
tradags In scmie cases not now available 
Another geneml limitation to output of larger dlametsr 
rotors Is that Imposed by the foifing fadllties of the ooun 
tyy At the present time It Is not possible to obtMn forgings 


of suitable physical diarscterlsUcs weighing more than 60 or 
00 tons nor much larger than 50 in This llmUs tiie rotor 
made from a single forging to an output of roughly 50^)00 
kva at 1.500 rpm By adopting the rotor constmctlon In 
volvlng 2 or Sin plates and up-set flanged shaft ends, Che 
limiting diameter may be Im rcased suffldently for the largest 
3 500 and 1 iOO rpm outputs shown in Big 0 
This flgurt shows In curve form limiting generator capad 
ties at various speeds At 1 600 rpm and higher the capac- 
ity Is dcptermlned by tht rotter and is invmely propontlonal 
to the rpm squared At lower upeeds the capacity is Um 
Ited by the stator and falls somewhat below the oorreiqKXifl 
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IXG 6 BNBBGT AND EFFICIBNCT CDEVEB (LAST eTAGH) 
W A liARGB TUBBINB 

Ing rotor limiting capnelty aa Indicated by the dotted ex 
panslon of the rotor curve the curve Is an indication of 
the present boundaries based on ixistlng commercial ma 
terlals and current stresses are bearing proportions In fact, 
the capacities shown by It are somewhat in advance of me 
compUshed results 

The writer claims that modianlcal forces due to abort 
dreuit and damage caused by armature winding failures 
are no greeter In the very large generators indicated by the 
above figure than the preeeut-day 20000 and 80,00(Mrva. 
unit 

No opinion Is expressed as to the wisdom of installing 
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very large single-diaft unlta If operating engineers desire 
units of 50000 to 100000 kva there Is no question but that 
such generators can be conservatively designed and con 
structed 

The paper by J F Johnson Is restricted to a discussion of 
some of the factors which Influence Emits aa applying partle- 
nlarly to turbines of the reactionary type Here again the 
author expresses the opinion that with the employment of 
high vaenum the limit of power Is determined largdy by the 
area obtainable through the last stage, for the flnal expan 
•ion and passage of the steam prior to Its entering the 
condenser 
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The slffniflcance of this is nhonn by Uie fact that whems 
a pound of steam when enh ring the first stage ha* a volume 
of lews than 2Vb cubic feet vben passlDg through the last 
slagt It has a volamo of approximate!} 800 cubic feet If 
fgpandod to 285 in \acuum aud 685 cubic feet Is expanded 
to ^ In the ratio In the Inthr <uhc being 1 to 234 
BcoauHC of this tn an> discussion of Llmlls of power it is 
necessury to assume conditions of pressure and superheat of 
the steam euttring the luihlne the vacuum to which the 
steam Is to b< expanded In the binding and the efficiency of 
change of skani flow inr unit of pou^r 
The limiting fadoii are dkldid into three rlnssis by thi 
author (1) Xhcorctlcalf iiu hiding iiinitlng steam vclooltUH 
and effect on efYlcleiux of \eLoiit> nmalning In steam after 
leaving the lii^l Ntugi aud th( anu through the bladts na 
affect* d b> hladt augU (J) 1 liysioal imludlng methods of 
consIriK tioii TunkrlalM striHsea factor and snfct> agaln^L 
ruptuic nliebllity factor and lliullations of ti unsport atinn 
facilities (3) Iconomlcal Including limits beyond which it 
rnav be ]ihvsiiall> pos'iibU but economically Inadvisable to go 
Mteh UM effect of bin of structure or of character of materials 
tuiploved on costs and time required to mabi In^^pectlon and 
repairs Ihe iieper is largel} based on the practice of The 
esf Inghouse Company 

As regards theoretical liinltM with mateilalH of infinite 
Htrength and rigidity it would hu\e been possible to build 
units of infinite capacU} but for a given diameter and blade 
height the capnUty la limited b> chosin luaxlmum values of 
<eaiii speed through the blades in order to keep the energ> 
available In the steam dlschnigc»d to the condenser within 
permhwlble limits 

throughout the entire turbine with Uu exception of the 
last few stages steam specHta only about 25 per cent in 
excess of the csinvepondlng bludi speeds ar* (mpla>ec1 In 
order to eocure roaxlrauin efficiency In the latter stugeh 
however the volumes becsqne so great that steam speeds un 
increased sometlnnes approximately ICK) per cent in exc^s 
of tile blade spood in order to effect a compromise between 
maximum theoretical efficiency and pliysloal dlmemdous 
Ihe question of blade angle U diMUssed next 
As n gards lb* plijsU'al llinlts the chief oius limiting tuj 
bine capacitv are tin ph>Bl*al * haracteristlcs t»f the material 
employed and the ctiosen llmltw to whldi thise niateilals maj 
be safely stress* d 

Of course the disigii of the rotoi makrlally afreets the 
stresHed incohtd but if the rotoi design can bt so modlfietl 
iiH to ke*p the stn sees within necissai} UmUs then the stresses 
at till basi uf the limits or In blad* fastenings determine tlu 
maximum capocUy obtainable with Us given speed 
There exist two Interesting relations between tlie stress 
at the base of blades steam passage area tiirough the blades 
and PoiaSke ^leed For ao> given rotntlve speeil and Made 
angle the steam capacity or steam area through the blades 
Is directly proportional to the stress at Uie base of the blades 
regardless of the diamettr and blade height selected This 
stress ran onlv be modified hv unevenly varying the cross 
Sectional area of the blades sudi for example, as thicken 
Ing the blade near the base <lso for any given stress the 
area through the blades will van inversely as tlie squat e of 
the speed i e If at a speed of igOO rpm a given stress 
and area are obtained then at 900 i p m the area will be In 
cieased four times if the stress Is kept constant 
In other words as the writer shows in the original artl 
He the area and stress are each equal to a constant x the 
product of mean diameter and blade height and when the 
stress is constant this product varies Inversely an the square 
of the revolutions per minute The ratio of blade height to 
rotor diameter is therefore not a factor in determlulnng 
phyrictl Itaift of espaettj but only in detenalxfing effiiieocy 
cost and* to smne extent reliability of the turbine 
Increased capacity without decrease of rotative speed or 


increase in stresses may be obtained by employing multiple 
kiw pressure stages and a curve Is given showing the limits of 
capacity of steam turbine with double-flow low pressure staSM 

In Considering the economic limits of turbines of large oa 
pacit} cooslderatkm la given to the fact that as yet su^ 
units are not required In sufficient quantity to warrant equip 
ping and operating shops for their exilmlvL manufacture and 
that they must be produced largely by the same processes 
and e<iuipment as are used for smaller sises which are built 
Id gitaur quantities 

As the slseM become iaigei, u greater proportion of special 
txiulpiuent and processc* bKomes necevsaryt reanltlug In In 
cna^l rates of coMt unless accompanied by very material 
Iticrtase in production of quantltv 

Another factor tending to limit capacity of single units is 
111 * generating capacil} loiw rennlting from auspenslon of 
M* rvki for Inspcotloii or lepalru — Proiit<itng$ of the Americm 
iuBittHU of riettmal / splaren Nov 1019 pp 1248 1264 


ITAUAX WAllR ILRBINLS 
In lilt course of a lour tlirougb Itnlv and Franc i the author 
has seen under ronstructlon a rather unusual type of water 
turbine It Is to be used to produce power for the Itallsn 
electric state railways The machine consists of two Felton 
wheels of different diameters, employing varying heads of 
water the wakr In question being drawn from two different 
sountw of suppl} Of the two wiiecls which are upon the 
same shaft one is operated b} a head of 2000 feet and the 
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other of 070 feet As a large variatioa of load occurs 
throughout the 24 hours the plant Is fitted with an auto- 
matic device by means of which a smaller wheel which Is 
only used when the load rises to a certain point may be put 
to work The diameters of the two wheels taken at the centers 
of the buckets are 04 ft and ^ 67 ft, respectively, and the 
speed 600 rpm The larger dlametei wheel develops 8500 
hp w 1th one Jc t and the small* r wheel 2 500 hp whh two Jets 

An Inteiestlng featun of the Ulva turbine ot the P^ton 
type la the method of govenilng wpeeA or rather the eontiol of 
the waki Jet This Is effected In two ways — first hy dafiec 
tl*>n and next by thn>iillng (b Ig 7) In It A la the lever work 
Ing on a fixed fulci urn To on*, end of this lever is attached 
a dashpot D *>n the other end is fulcrumed the floating lever 
R Quo end of this floating lever operatee the deflection O 
and the other Is connected with the governor The fulcram 
Itsdf Is connected with Jet K 

Suppose the load to be suddtnly removed from the turbine 
and raising commence The governor lmme<Uately reacts on 
the floating lever B and the deflector oomes Into sctloQ on 
the water steam Since resistance Is offered In this operation 
to the taming of the lever B about its fulcrum, the fnlcrum 
Itsrff becomes a movlDg point about the foldrom of the lever A 
and the Jet jx begins to close The arrangement Is really an 
Bppllcatioo of the floating lever prinelfde as used in vtrtons 
differential gears to this partlcnlar puipoee— fforwioii Bevof, 
In The Engineer Nov 7 1919, pp 45M87 
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LIGHT WAV E TEI^FFHONT 

An InteresUns series of experiments on the transmission of 
fpeecb hj light was descrlhetl by A O Hauhlne In a recent 
commiiiilcatioii to the Physical Society of London The ex 
peflmente ahowed that the method Is practicable for < 0 Dsld 
ertble distancea while the fsct that the apparatus Is portable 
Indkatei that It may be of practical utility In certain caees 
The theory of the proceaa la given as foUows, in the article 
The notable prt^ierty of selenium of varying its electrical 
conducttrlty when exposed to illumination of various Intent! 
ties has lonir been well known It has led to various attempts 
being made during the last thirty or forty 3 ears to transmit 
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speech o\ti considerable (Imtancee bv means of a beam of 
light which fluctuates In Intensity in a saitalile manner Given 
such a beam of light the mode of leproductiou Is simple 
K circuit is made consisting of a selenium cell exposed to the 
beam a telephmie receiver, and an electilc batten If the 
Intensity of the beam does not vary the electric current 
through the telephone receUer remains constant But If 
there have been Impressed on the beam fluctuations of in ten 
slfy oorrespondlng in amplitude and frequency to the vibra 
tlons of speech or other sounds, the selenium If it Is capable 
of adjusting lU conductivity with sufficient rapidity, wiU 
oontrol the curr en t in the telephone In such a wav as to repro 
duce the original sounds 

The methods of t^cphonlng with light hitheito used may be 
divided Into two classes In the first the aim is to cause 
the speech to control the ill umina ting power of the eonree 
Itself For example If the current In an electric arc can be 
controlled effective by mlcroiffionlc action the light Issuing 
from the are may be expected to have the character deelred 
The second general method Is to effect the control of the beam 
by causliig the speech to Interrupt the light with the proper 
periodicity and amplitude after It has left the source the 
actual lUtunlnatlng power of which remains o<«i 8 tant 

Of these two modM there la little doubt that the second le 
the more effective and useful In the first place It permits 
the use of the sun's as the source whereas In the other 
method srtlflclal sourcee only can be used This, It will be 
seen later, la of considerable Importance It is desirable alto, 
that the changes of intensity tnronsht about by the 
speedi ahould be made aa great as poeatble iw the case of 
an arc controlled nrierophonictlly, however, even 1 ( the caztent 
oedUatea from aero to 4m maxUnum valne^^blch la unlikely 


the variations of ll^ht intennltv must still be comparatively 
small at the frequencies In question If we take the average 
freqnency of speech mmnds as about 500 per second it means 
that the biit,htno%s of tlie arc must alternate between max! 
mum and minimum e\eiv 1 y500 second during which time the 
actual variations of it 4 tenipofature and therefore, of ita 
bilgbtne^ must be small Speech would thus Impose no more 
than a ripple of small amplitude upon the already powerful 
beam of light emitted from the arc On the other hand by 
controlling the beam after It has Uft a constant source It is 
possible particularly by the method about to be described to 
gum an tee that the fluctuation of the beam traverses the wideet 
posslhie range 

Roth methods have been used with a certain amount of 
success In a patent specification of 18W Graham Bell 
describes two devices falling under the latter class In the 
first the proposal la to allow the beam of light to pass in sue 
cession through two grids consistlnK of equal parallel itrlps 
ultornately opaque and transparent One of these Is fixed in 
position and the other Is move <1 bodllv in a direction perpen 
dlcular to the strips by the operation of a diaphragm to 
which It is ilgldh attached and <»n uhich Mpiech sounds fall 
The movements of the dlaphrngm may he expected therefore 
to control the obstmctlon to the beam of light In such a wav 
that the intensity of the emergent beam varies In accordance 
with the speech sounds The practical objection to this device 
is that ordlnaiily the movements of the diaphragm are so 
<»niall that it would be most difficult if not Impooalble to 
make grids at mice so light so rigid and so fine as to fulfil the 
necessary conditions Craham Hell does not In fact claim 
that this method has been actually useil His second devloe 
la much more sound from a prattles] point of view It relies 
upon the fact that a vlhiatlnk diaphragm is continually al 
terlng Its curvature cousequeutly if polished and Interpoaed 
In a steady beam of light It nlll give rise to a reflected beam 
whuh is of variable dhergence Vlthoiigh the total amount 
of light reflected Is actnallv unaltered the fraction of it Incl 
dent at a distance upon a receiver not large enough to In 
elude the whole beam will hare a value controlled bv the 
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vibrations of the dlaphrat,m The objection In this case is 
that the diaphragm must be large In order to deal with a 
large quantity of light for If it Is placed at a point where 
the beam has been concentrated to a focus the effect of Its 
changes c^f curvature upon the divergence of the beam is 
negligible Further from an acoustical point of view it 
would be necesaarv for the diaphragm to bo thin and it would 
therefore not he fiuitable for adaptation as a mirror of good 
optical prcqpertles 

Mr Ranktne overecmies the difilculty caused by the wdgbt of 
the grid, mentioned previously by Ingenloasly substltatliig 
the wnoye a grid for the grid Itself To accompUsb this an 
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epical Bjstem U arranged In whldi tba light from tlM aourco 
if concentrated by a lena upon a email osdllaUng concave mlr 
ror BO arranged that when in ita pofltlon of eqaiUbrlnm, It 
reflects the beam to a second lena by which It ia again brooght 
to a focna A grid le placed between eadi lena axul the mirror 
with the result that a real Image of the grid between the light 
aource and the mirror formed In the {dane of the aecond 
grid 

If oaolllatloo^ comHpondiug to human speech are now Im 
parted to the mirror the Image of the flrat grid oacilLatlng 
cm the second grid will give correapondlDg variatlona to the 
Intmolty of the emery^ent be am of light A selenium cell, placed 
at the focus of this beam and connected to a telephone re 
cel^er and batterr will reproduce the sounds correaimndlng to 
the flnetuations of the light 

^veral foima of apparatus are described The transmitter 
may be constructed of a phonograph recorder by attaching 
the mirror rigidly to the lever which ordinarily carries the 
needle or a telephone receiver of the reed type actuated by 
the variable current in a mlrrophone may be used Inatead 
In another type of apparntua one grid is eliminated and the 
Image of the single grid Is superimposed on the grid Itself 
an HiTADgement whleb in the author a opinion will ultimately 
proip more effltlcnt than that prc\lousl> described 

Any aoorce of light may be used and the author u^ in 
candescent and arc lamps and sunlight successfullv Tlie re 
■ulta obtained were encouragliig Conversation In both direc 
tlona was carried on between atatlona 1% mlle^ apart usln^ 
a carbon arc for light while the faintest whisper conld be 
heard at this distance when sunlight was used TThlng aun 
light Mr Hanlclne estimates the range of the present appa 
ratna to be approximately eight miles but belles ea that this may 
be greatly extended by using ampllflers to magnify the enr 
rents In the receiving clrcnlt 


^USTBIAN ESLOOTRIQAL INDUBTRIKfl DURING 
TUB WAR 

K KBCBIVTLT received issue of the Klektrotecbnlscbe Aelt 
■(diTlft (v 40 p 822 V July, 1010) contains an account by 
Fmil Honlgmann of the \astrlan electrical Industry during the 
war little baa hitherto appeared on thla subject as din 
tlngnlShed from the indu8tr> in Germany 
The war began at a time when eccmomlc and political con 
ditious were reacting unfevorablv on the Industry and the flrat 
effect of hoatlUUea was to paralyse It The calling of the per 
Bonnel to the colors the disappearance of capital and the mora 
torlum created an unpreoedented situation and a dread of any 
movement Thla altnatlou lasted but a short time demands for 
railway material and electrical maehlnery soon came from the 
army and soon afterwards the factories were arranged for 
munition mannfhcture 

Electrical factories turned especially to the manufacture of 
mnnltloiis flulahing shells, etc There was also soon a large 
donand for shop equipment d>nainoB motors and apparatus 
of all kinds and for wire and cables telephones telegraph In 
strumenta and all the many varied electrical devices used by 
the engineering departments of tht army and navy 
Other tiectrical undertakings were abandoned and every 
energy bent to meet mlUtary needs Parly In 191B every shop 
wBs devoted to war manafactures and every lathe was busy 
Soon the difllcnltles began to appear Raw and Intermediate 
materials began to be scarce the best workmen were at the 
front and satisfactory substltutea were not easy to find Blec 
trie power autlons were busy as the shortage of petreleam In 
creased the demand on them and more power was used 
During the summer of 1916 the copper Portage began to be 
ftit and aluminum came into use Subatltates cannot be Intro- 
duced Into msnafactarlng however, as readily as Into foods , 
their use requires changes In design, coostructlom and opentlon 
The difflosltlei, however, were gradually overemne At the 

same time the cost of labor and material rose rapidly BUectro*. 


lyde copper rose over 220 per cent between Januaryi 1914 
and October 1016 sheet brass 200 per oent, sheet ilno 77 per 
cent and tin over 200 per eent Wlages Increaeed from 20 to 
60 per cent Haunfactarlng costs Increased rapidly from other 
causes as welL 

Daring 1010 and 1017 the Industry followed the same path. 
New plants were built, in spite of soaring costa and the ever 
Increasing shortage of materials Carrol reaaarch for substl 
tutc materials was undertaken Every eff<»t was made to 
bolster np financially weak concemo, prices were Increased, and 
trade organisations formed 

In 1017 the food problem became acute and the factories 
^ere obliged to take up the rationing of their workers After 
the invasion of Italy new snppliee of material also became 
available and conditions were easier but the peak was reached 
at the beginning of 1018 The long duration of the war with 
its attendant breaking of morale and finance began to have 
its effect Prices still Increased but no longer as rapidly as 
costs and careful manufacturers reduced dividends and com 
mcnced a policy of economy 

In October 1018 the armistice produced the catastrophe and 
the empire fell to pieces carrying with It the Industnes of 
the country Since that time the industry has stood still 
with the oQtlook far from favorable so far as the immediate 
future Is concerned 

One technical effect of the shortage of material was the mod 
crni ration of many old plants A number of old direct current 
installations were replaced by alternating current distributing 
SI stems to recover the greater amount of copper used in 
them A considerable amount of lead was also recovered from 
lh( storage batteries with which manv were equipped In 
many cases the recovered metal practically paid the expense 
of the change 


EFFBOT OF UOHT ON THB LYF 
liiaar has long be^ an Impression that yellow Hght is more 
agreeable to the ere than that containing chiefly the green and 
blue rays and It is generally believed for example by many 
medical and technical men that the kerosene flame prodneea a 
more restfnr light than othei Ulumlnants especially than 
Uicandescont solids This aupposlHon has been submitted to 
i arefnl tests by O F Ferree and O Rand and the results have 
appeared In the Transactions of the Illuminating Engineering 
^ety (V 13 p no and V 14 p 108) 

The experiments have compared the kerosene flame with 
the light from the carbon Incandescent lamp the Masda lamp, 
B O and 02 and with Wblsbach mantles containing 
inriouB amounts of cerla and therefore varying In yellow 
iiciu The standard of comparison Is the efllcienGy of the eye 
as determined by the ratio of rime during which steadily ob 
‘wrved type appears (dear or blurted 
The reealts obtained from namerous careful prolonged ex 
perlments Indicate that there Is eome jnstifleation for tills Im 
prcBslon as they Indicate that the efficiency of the eye di 
mlnlshes more rapidly with light from the metal filament than 
ulth that from kerosene and decreasing yellownees in 
hach mantles also diminishes this efflolencv of the eye The 
anthors however are not vet prepared to state positively that 
lellow light la better than white but merely that yrilow Is 
l»etter than green 


breakage in HIOaXBNSlON INBUIiATOBS 
Thb EleotroteokfiisoM EMtohHft has recently published 
^^os 16 17 18 and 24 1910) an extensive report oa the 
causes of failure In insulators fbr overhead transmlaslofi linns, 
by E O Meyer The fallowing abstract of the otlglual eon 
munlcatlon, taken from the iVleeMoisii, 24 October, 1019, gives 
the main results obtained In the Isquity 
K transmlfldon Une was orastrueted in Kreoswald betweeq 
1011 and 1014, consisting of 820 km of line^ canylng current 
St 66000 volts At flrat tiiieve were brsaksges due to 
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acoldADtRl CAnnt. moftly oonnected witli truvport and con 
strnctton, bat In tlie procets of time mostly in 1916 end 1916 
the brseksees inereMod emsldenbly In number and esused « 
jnuneroas stc^PMee At 6600D rcdts In bright dry weather, 
there la a marked hlsalDg sound from an Insulator* if It la 
dofectlTei It gives either no sound at all, or a very strong 
extraordinary hiss In either of these cases It ought to be 
changed without delay to anticipate a possible breakdown. 
Iteoords showed that In this case the cm<dcs were exdnalTbly 
on the uroer part of the insulator, which consisted of three 
portlono cemented together There were always two cbarae 
terlstlc cracki the one goes radially In a plana through the 
axis of the insulator tending to apHt it Into symmetrical 
halves the other goes somewhat In the form of a ring around 
the top 

Mechanical causea did not seem likely to produce the result 
The binding wire might be loose and tend to hammer the Im* 
Bulator in rough weather but this was not found to be the 
case, as the binding was nearly always tlid^t on the cracked 
Insulators, neither could the expansion of the pin cause the 
breakages as it would tend to break the lower parts as well 

Electrical effects were examined Naturally the uppermost 
phase is most exposed to direct and indirect atmospheric ef 
fecta But records on ihe line la question showed that the 
disturbances were not at all confined to the uppermost phase 
but were neariy equally distributed, though the phase affected 
by lightning was more generally the uppermost phase It was 
thought poaslble that the Insulators were not big enough for 
the pressure but it so happened that owing to accidental 
canses certain long lengths of the line were worked for smne 
memths at 10000 Instead of 66000 and the breakages con 
tinned as before 

It was suggested that aa the cement dries it alters Us elec 
trie conductivity, and consequentlv affects the distribution of 
the lines of force but the author regards this suggesdon a<l 
Improbable Air babbles in the cement might give rise to glow 
discharges and to \ery slight Internal heating but this would 
scared be likdy to attack or burst porcelain Peariey in 
America put forward the suggestion that an Insulator might 
be injured if It were subjected to a high frequency surge as 
w^l as to a voltage of low periodicity but this is not proved 

The shape of the Insulator Is next examined as being pem 
slbly a contributory cause The author examined this matter 
in some detail he finds no clue to the eolation of the problem 
In hand He also collected together in tabular form such fig 
urea as are available with regard to the technical properties 
of porcelain Itself but there is no definite agreement as to 
Oiese figures and some makers frit themsrives not to be in a 
poddon to make any posldve statement on the point 

It was next suggested that temperature effects might ex 
plain sontetblng The author quotes a series of tests which he 
carried out on pororialn balls these certainly cracked If the 
riiange of temperature was very marked much more so than Is 
likely to occur In practice but gen^^Uy speaking, the cracks 
were across a meridian and this is not of the dmracteristic 
type noticed in insulators There was no distinct proof that 
anything conld be due to this esuse but It Is possible that the 
teiupenture may affect the cement and so injure the proceloln 
Indirectly Records riiow thst on the 66000-volt line to whlrii 
this Invesdgatlon hsd special reference most of the breakages 
take place In eonmier, and not specially in thunderstorms but 
In brliAt clondless weather Tempmture tberefora un 
doabtedly has some e ffe ct 

Thus, flnsny, there remains only the question of the cement 
PorUand cement is now mosUj used and Dr Rlepert says 
that cement expanda slightly on setting but the expansioa and 
possible snbeequent contraction depend on the condldons— e y , 
Whether it sets under water In the air This Is common to all 
cements, hut a poor cement also *‘drlvea”-HLe It Is liable 
to cra^ and destroy anything within which It Is enrioeed 
TUs "driving" bagiiia sooner if U hardens under wa(er than If 
it eets In the air Oement oaa be tested by making a imaU 


block and allowing U to set for one day In the air, and then for 
a month onder water It ought then to ahow no cracks on the 
t<m» though some driving cements will ri&ow cracks In three 
days There are sometimes curvatures and cracks on ttie edges 
of the block The cracks run mostly in the direetkm of the 
middle of the block and gape most at the edge oftan they are 
connected with a network of flno cracks These cracks must 
not be confused with those which are liable to form while it 
sets In air as it dries , the latter form irregular curved lines 
over the surface The Mocks while setting ought to be pro- 
tected from draughts and sunshine Oementa with more than 
5 per cent of xnagneria If burnt till they sinter do not show 
marked signs of driving* till several years have expired 
Cement must be kept moist during the first stage of hardening 
and is liable to crack If the block Is put Into water too soon 
The ' driving ’ of the cement seems In the view of many com 
petral persons to be the main causo of the characterlstio 
cracking Since the magnesia content Is the determining factor 
in the driving effect several cements were chemically tested 
which were taken from insulxtors that had cracked some 
of them after baling been in seven years The results of 
these analyses are gl^ en In no case was there 5 per cent of 
magnesia the figures actually being 1(H 2 4 2 79 0, and 092 
In the five cases respectively The driving and expansion of 
the cement cannot be entireh avoided and there are other 
points in connection with the cementing process whlrii re 
quire careful attention The cementing mixture must not be 
too dry and the moisture must be evenly spread throughout 
the mass In some cases the cemented Joint has shown on 
fracture a very uneven distribution of the cement Some- 
times there is too much on the one side or on the top If there 
is a thick layer of cement on the one ride and a thin one on 
the other the crack will take place on the thick side It is 
therefore necessary to see that the design only allows for a 
thin layer of cement which mast be evenly dlatribated Ac 
cording to the experts cement takes two years to set fully and 
this possibly helps to explain why the fractures only take 
place after several years After It has set cement becomes a 
rigid substance which Is almost entirely a non-conductor of 
heat 

Improvements in manufacture are therefore an urgent 
necessity The cause of cracking lies in the cementing pro- 
cess bv which the parts are Joined together The ^[MGlflcatkm 
of the latest type for 66 000 volt Insulators prescribes a maxi 
mum thickness for the cement layer of 2 mm at the top and 6 
mm at the sides of the cylindrical surface On 46000-volt In 
sulatoTs the manufacturing process has become so exact that the 
thickness varies between 1 5 mm and 2 6 mm The parts to be 
cemented together must fit exactly in point of oise and most 
be sorted for this purpose The choice of the cement the char 
acter of any admlxtnres the preparation of the cement paste 
Its moisture while setting and the keeping of the Insulators 
a snlficient time in store without disturbance — all these things 
need attention A coat of lacquer on the surfaces to be ce 
mented has been tried but this is not llkriy to effect much as 
shellac oxidises and becomes hard and inriastlc A riieet of 
lead foil has been tried also cork insets and metallic platea 
but these are all useless Lately a coat of graphite paint 0 1 
mm to 0 ^ nuD ^Ick has been tried and also s thin copper 
ring but this idea seems likely to fall inasmuch as this eon 
stltutes no sufllriently rigid connection Experimentally It has 
been proved that a slight movement is possible with these 
semi-risstic Joints this Is likely to prove fatal in everyday 
work The copper foil is so dritcate that It Is often Injured in 
the cementing process Drawings are given of two modem 
types of hl|^ tenslou tasolator, with dimensions and teat pros 
sores in these cases there is a Und of hmnlspberlcal Joint 
between the various parts No Und of elastic Joint is used If 
improvements on these lines can be made^ the jdn Insulator 
win be preferable to the suspension type^ which costs In OH at 
least flues times os much, apart altogetto from the fact that 
the poles must he 6 ft or 6 ft longer 
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inOi'LUlIl-S Ol SIAM»\U1> OH srtHFINO SILVER 

Standakd or AtLrIInti alher wlilch contolns d2 6 per cent 
of silver and li the only silver alloy of Industrial importance 
derives Its name from the fact that from very early tlnifs It 
has been (he lefcal Mtindard alloy for all British silver coin 
site and so-called sliver plate When the alloy la cast there 
Is a tendency for the silver to lx come concentrated in the 
middle of the Ingot, but Mhen proper precautions are taken 
the dllfercnces In composition In different parts of the Ingot 
are not sufflclent to Interfere selrously with the application of 
tilt allo> to minting and to Industrial parxKises They found 
the temperature of the metal In the crudhle, whin ready for 
casting to be ni>out 1 200 C , aiKl that of the ^ream during 
poniing to be about 1 118 0 ilu best temperature for an 
neallng In works practice had Ikhh found to be 070 O for 
all around work The time marled according to the thlcknesa 
of the sheet but generally inntallng was complete in from 
20 to 30 mlnuUs The maximum Hrlncll hardness of stan 
dard slhei was about IS.) iht maximum tensile strength 
vartid friwn 11 tons to J4 tons \xr stiuare Inch according to 
the iiuthod of casting — U P 1 and I II Jurner^ In 

The Inginar (Tntidon) i)ct 10 1010 


mill MM AND inoDutnioN JhCliMguj in rm 
BAKU on HFTDS 

Br Abthus Knaif 

No OIL territory in the world has bten so Hcb In large pro 
4luclng wells in a comparatively small area as the Baku field 
Particularly Is this true of tho Blbl Eibat field which formerly 
produced millions of “poods" of gusher or as It Is called In 
Russia, ‘Tountaln** oil The Blbl Eibat and Balachany fields 
have been exhausted of gas and ruined by water, but the 
Surachany and Benegadl flelda are still fountain territories 
and many outlying districts that have only been prospected 
produce rich fountains 

The method of controlling 'fountains or gusticrs Is the 
result of growth, along with the Russian system of drilling 
where Urge dlsmeters and rlveUd <aalng have been In 
vogue rhe screw casing Is seldom used except to exclude 
water Formerly the method of finishing wells and the con 
dUlon of the castni, at the top of the well would not permit 
tho use of gates manifolds and conneitlono as In standard 
methods elsewhere Ihe life of the flowing wells Is very 
tfiort partlcttlarly those 10 In (25 cm ) or more in diameter 
whldi prodxfcce large quantities of sand and often fiow for but 
a few days and are then a complete Iona Mon than KXKXXX) 
poods In 24 hr have been claimed in several Instances but In 
DO esse was the flow for more than few days 
The oil sands of this district are free uncemented sands 
and vary In thlcknoxs from paper thin to a maxltnum of 10 
ft (8 m ) The sands are interlaid with strata of soft clay 
In spite of this, the practice has been to drill into sudi sands 
and produce from the open hole without screen or liners 
Sometimes the casing is set below the oil sand but In this 
case h<des from 2V& to 8 in In diameter are drilled opposite the 
oil sand, which would not have the effect of a screen 
The Russian method of drilling makes use of sted poles to 
actuate the tools but differs from the Canadlsn system, which 
uses pK>les of wood or iron. In that a ' froe-fkll Is used above 
the toola Inatead of the tools dropping with the rods l^ls 
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free-fall picks up the tools at the bottom of the stroke and re 
lea^s them at the top of the Mroke, allowing them to fall free 
to the bottom of the hole Thus the fall Is limited to the 
l( ngth of the stroke of the walking beam and differs from the 
American cable tool system where the fall, due to the eUs 
tldty of the drilling cable, may be several times the stroke of 
the beam 

The Ruosian drilling machine la a slow ponderous machine^ 
very heavy and very hard to handle transport and Install 
It cannot be said In reality that this machine drills but 
eventually It manages to wony a hole Into the ground 

The general character of the Russian method accounts for 
most of the slow progress together with poor tools material 
and labor Wells are usually drilled by contractors who arc 
paid per linear foot on a alldlng scale depending on the 
depth Ihev are paid by the da^ while fishing and are not 
liable for casing lost 


FOROEABILITk OF IRON NICKEL AI LOYS 
Bt T D Ysnaxif 

In the investigation of the magnetic properties of Iron 
nickel allots It was found necessary, In order to make the 
alloys forgeable or mallcabU to add small quantities of some 
other climent Iron nlcktl allots have been known for nearb 
a centurv but have been made in commercial quantities onlv 
since 1885 The chief difficulty In their development was that 
thi pure allovs did not forge readily The addition of small 
amounts of manganese however, made the allots forgeabk 
The present paper shows to what extent manganese Is needed 
for various nickel contents and also what la the effect of other 
alloying elements on th( forgiahllltv 
The forgeability Is given for the four conditions Cold 
bla<k heat dull red, and bright red Gold means a tempera 
tuw of 20* to lOO* C black means anv tempeiature below 
the appearance of redness that Is below 000 dull means 
000* to 000* and bright temiwratures above 000* 

Up to 7 or 8 per cent nickel the forgeability la fairly good 
at a dull red heat The effect of silicon on the forgeability is 
very Blight, If it has any Aluminum carbon and magne 
fdum have no beneficial effect upon the forgeability Manga 
nese, as was anticipated makes the alloys forgeable Of all 
tho different elements tried titanium has the most beneficial 
effect on the forgeability 


RKV^ RBERATORY FURNACE FOR TREATING OON 
VBRTER SLAG AT ANACONDA 

Bt Fxcddick Laist ano II J MAemn 
Thb ore from the Butte mines of the Anaconda Company 
contains considerably less iron than is needed for the lluzlDg 
of the silica As the losses in the concentrator were high 
compared with the losses in the blast famaces it was found 
by calculation more profitable to send ores containing more 
tbmn a given perc«iUge of to the blast fumacea In 

spite of the hl^er costs of treatment. 

With the introduction of the flotation procesa, it was found 
possible to maintain an average recovery os concentrates, of 
90 per cent The cost of reverberstory smelting wat matsrlal 
ly decreased by the use of pulverised eosl These two changes 
In practice made the blast fnraaces unable to eompett with 
the nverberatory furnaces On a coat baala. 
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Hie emoiiiit of bade flaxlnir metwUU required for the 
■melUUff opmttoni became email and the converter alag loat 
Its fonner value as a blast furnace flux For this reason, 
a Isaa expensive method of recovering the copper silver and 
gold contained in it than smeltlDg in blast famaces bad tu 
be found It was not feasible to pour the Slag into the reg 
nlar reverberatory furnaces 

It seemed that the successful traetment of the con\ertcr slag 
would require the redaction of Fe ^4 contained therein to 
FeO Silica would have to be furnished to combine with 
the FeO so as to produce a slag containing not loss than 80 
per cent silica At the same tune iron sulfide would ha\e 
to be fumUhed to combine with the purtlclt? of metallic 
o^pper and white metal and carry th4 m Into a comparatlvelv 
low grade raaftir All of these reactions It was thought 
could be brought about by the addition of uncoasted or partly 
roasted fine concentrates and fine blltccons ore The expeil 
meats were tarried out under the Buper\Uion of F f Frick 
research engineer for the Anaconda i o anil gave iiasonabU 
satUfactoTj result H 

The average cost for treallni^ converter sla^ during the 
jear 1918 after negiegating the coat of all other material 
and assuming 4hlv other material to have pursueil Its regular 
course through the smelter wtm (0 012G per ton Tht cost per 
too foi the second months of lOIK was ^464S 


PLTROLLLM nfSOlUChS ()1 f.RFAi RRIIAIN 
Bv A C \ BATCH 

riix pnsent work In treat Britain had Its Inuptlon in 
1014 when the outbreak of the war etinblcsl tin writer and his 
asHTKlnteH to tarrv out a long deferred desire to see Just what 
the miim ions Indications of petroleum In Great Britain realli 
meant Thanks to the great mass of fundamental geological 
Information which the Teologlcal burvev of Great Britain had 
collected and published and particularly to the detail work 
carried out In certain of the coal fields It wa>* possible In a 
short time to present to Lord Oowdray tin conclusion that tin 
petroleum xiovslbllltks of the Midlands of England wert of a 
most amaxlng and striking diaratUr With the Incnasc of 
the submarine menace he offered to place the services of his 
firm and his petroleum staff at the disposal of the nation 
free of covt for carrying this work forward as a war m(a«i 
ure This was a gift made to the nation without any com 
mltment of any kind on the part of the British Government to 
T ord Cowdray 

The midlands of England contain large aieaa of impor 
tnnt oil lands which, however, will not become of commercial 
Importance for at least five venrs because the ownership of 
the oil has become a political Issue In the center of Eng 
land the Mountain limestone (Mtsslssipplan) U exposed alon^ 
the axis of the Pennine fold Like the similar curbonlferouM 
limestones In Kentucky and Missouri It is cut b\ spar and 
lead veins bnt, unlike those it contains numerous Important 
sedges of petroleum 

The discovery well is located on a faulted dome at Hard 
stoft Derbyshire, where none of the coal mines had found oil 
In the fiiult planes It started in the coal measures found 
wax in drilling through a fault a commercial supply of gas 
in the Millstone grits which was muddled off and oil In 
the top of the limestone at a depth of 8078 ft (088 m ) 
This wdll has been flowing at the rate of 12 bbl per day since 
June of this year and Is estimated to have a pumping mpac 
Mat in excess of 00 bbl 

Two wells located on domes south of Hardstoft both started 
In the coal measures penetrated the Millstone grits without 
finding gu in any oonslderable quantities showed a little 
oil In the top the limestone^ and are now drilling la the 
^ Umestmieb wherr they have encountered a little gas The two 
wells that are being drilled In Scotland arff ip an entirely 
dUBerait eategenry Tl^ tfo merdly “wildcats ^ wells, with a 
modsrate chance of be^ sucoessful 


rhp oil from the Hardstoft well has the following chsrac 
teristloi Spedfle gravity 0828 sulphur 020 per cent gaso- 
line 7 6 per crat kerosene 80 0 per cent wax 0 0 per cent 
gas oil 200 per cent lubricating oil, $00 per cent The oil 
la partkularh rich In very high {,rad< lubricants 


CHLMIGAI WARFARE 
By LtviT Ck)T Aiioa A Faiui 
Guemh m warfare Is a compb te science in Itsdf No other 
Invention since that of guniiowder has made so i,reat a 
change In warfare as gas ihe nir strvloe is the only service 
that approaches It In the completeness of the change of 
methods of fi^tln^ loday then are onlv four really dls 
tlnct arms of the strvkc vlr the Infantn the artUlen 
aviation and Uiemhal wuifaie All other forms of warfare 
are n combination of these 

No officer howevei v^ell trained In other duties under the 
War Ikpartmint cvn handle gas until especially trained In 
Its use It l*i the most unnersal of weapons and as it drifts 
with thi air becomes tin must difficult of all methods of 
warfare to avoid No form of precaution heretofore used on 
land or sea Is effective against it 
Considering its power ykn has no equal Cas used prop 
nh will make tin wearing of tin mask a continuous affair 
for all troops within 2 to 0 miles of the front line and in 
certain places for many miles bevonci Ihc reduction In 
phv steal vigor and, therefore the effitlency of an army forced 
lit all times to wear masks would anmunt to at least 25 per 
cent which Is equivalent to disabling a quarter of a million 
men out of an army of a million Cas, being heavier than 
air and yet cairled with the air with which It slowly mixes 
roll-i Into deprcsHlons and du^outs and liangs among trees 
and rocks long after it has dlssipateil in the open With it the 
Mnlpci (III Ih driven from his lair and countlesa American 
llviH saved ( an anv man aff(»rd In tlw fseo of these fhets 
to *giy that America should glvt up i,as? 

II the UnlUd States must clean up Mtxlcro or is forced to 
put down uprisings In the Philippines In San Domingo or 
any othi r plan among peoples not Ihoroukhh prepared with 
masks the work can be done bv using gas at a less expense 
and with far less loss of American livts than by any of all 
methods of warfan put together 


A lORlKiN OTI SUPPLl FUU IIIL UNIIFD STATES 
Bv CtKOBOr Oils &M1TI1 

IwETVK yeurs ago the Director of the \7nlled States Qeo 
logical Suivev addressed to the Sicretarv of the Interior a 
letter calling stteiillon to the government h need for liquid 
fuel for naval use and pointing out that tlie rate of Increase 
In demand was more rapid than the Imreasi In piodncrtlon 
Ibis ktter In a wiiy inaugurated the policy of public oil 
land withdrawals which was well founded In Its primary 
pui|>os« of protetilng the oil induntry and highly desirable in 
its Immediate effect of checking the over-development of that 
day in California Unfortunately however through d^ys 
In legislation this policy mav t>e regardid now as having out 
lived both Lta extent and its usefulness In 1908 the ooun 
try s prodocdcbi of oil was 178 500, (XX) bbl and there was a 
surplus above consumption of moie than 20000 000 bbl avalU 
ble to go Into storage In 1918 the oil wells of the United 
States yhlded 356 000(XX> bbl nearly twice tin yield of 1906 
but to meet the demands of the increased consumption more 
than 24 000(XX> bbl, had to be drawn from storage 

Nor is this nil of the brkf comparison In 1918 our excess 
of Imports ovt r exports of emde petroleum was nearly 88 (XX) 
000 bbl whereas in 1906 we exported 8 500000 bbl, which 
was net ss we had begun to Import Mexican oil In this 
period, the annual fuel oil coosumptlun of the railroads alone 
has Increased from 16 671 (XX) to 86 714000 bbl the annual 
gasdllne production from 540,(XX)(X)0 gal to 8 500000,000 gal 
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rUa record may bo taken not only aa justifying the earlier 
amaal for Federal action, but as warrantliig d^lberate at 
tentlon to the oil problem of today 

The position of the United States In regard to oil, can best 
be cbaracterized as precarious Using more than one third 
of a billion barrels a year we are drawing not only from 
the underground pools but also from storage and both of 
these supidles art llmite<l In 1Q18 the contribution direct 
from our wells was 306 000000 bbl or more than one- 
twentietb of the amount (stlmated by the Survey geologlats 
as the content of our underground reserve we also drew 
from sbtraiie 24000000 bbl or nearly one-flfth of what re- 
mains above ground In a single decade then the consump 
lion of fue loll by lallroada has more than doubled the con 
Huroptlon of gasoline bus increased sevenfold With the rap 
idly mounting cost of losl the competitive field of fuel oil 
for steam use is expanding We may lessen the Increase In 
coal or oU consumption for generating power by harnessing 
the water powers of the country but prime movers whether 
driven by steam or water require lubrication 

A most serious aspect of onr oil problem presents Itself 
when we conMder the miry of the United States as a real 
factor In the shipping of the world Any nation that aspires to 
a large part In the world b commerce imposes npoa Itself an oil 
problem for the future freedom of both the sea and the air 
will be defined In terras of oil supply 

A country wide thrift campaign for saving this essential 
resource needs to be waged Man power and oil ought to 
be conserved all along the line of production and consump 
tlon by better methods In the discovery drilling recoverv 
tranqmptaUon refining, and use of petroleum and Its prod 
ucts 

The estimate by the United States Gteologlool Survey of the 
oU remaining la the ground is of necessity subject to crlU 
cism as speculative }et the excessfs of unexpected yield in 
one region will largely be balanced by deficiencies In another 
If happily the estimate of reserve proves too low, this un 
predicted abundance would aurely raise the consumption rate 
On the whole it Is fair to consider the otflclal estimate of 
6000000000 bbl as conmivatlve and 8000000000 as an im 
probable maximum The difference between these two estl 
mates of reserves repre^ts only four )ears suppU even at 
the present rate of consumption 

Two methods of handllni, the problem of a future oil sup 
ply suggest themselves either reserve the domestic oil fleidB 
for American development and thus prevent foreign acquiil 
tlon of what Is needed at home or encourage onr capital to 
enter foreign fields to assist in ihdr development, thus in 
surlng an additional supply of oil for our needs The one 
method harks back to the Ohinese wall period the other 
expresses the 'open door policy At pnsent the United 
States Oovemment follows neither incthofl the British Qov 
eminent ban adopted both 

The British Admiralty led the way In Its appreciation of 
the advantages of fuel oil, and the British Qovemment has 
led the way Id assuring to Its nationals control of oil re- 
sources wherever found on British territory Advantages that 
Amerioan capital may once have held In Trinidad and else 
where In the British hroplre are not now enjoyed and British 
enterprise 1^ narrowlDg the field of opportunity In Mexico 
South America Mesopotamia and Africa 


RBr^nONSHlP OF PHYBIOAL AND CHEMICAL PROP 
EBTIBS OF COPPER 
BT FXAlfK L AZfnSELL 

CcsTAiif physical and chemical properties of copper are so 
Intimately related that a dmnge In variation of the physical 
propeiCtl^ Indicates a certain chemical change The standard 
specltetioDB of copper of the American Society f6r Testing 
Matef^s are based upon physloal <diaraeterlstics with one 
exception namely the copper contents Certain phenomom o^ 


the surface indicate the adaptabUlty of the metal fdir forging 
or rolling The writer bcdlOTes that It Is much slmplar to 
produce shapes that are tneUllurglcally c<nrrect than those 
that are mechanically satlsfactoiy 
The appearance of the snrface of the copper when cooled 
is considered as to its “pitch** or the general contour of the 
surface and the 'set'* or the detail appearance of the snr 
face of the shape The set of the copper Is, in a very Urge 
measure directly related to the pitdi and so Intlmat^ are 
these characteristics connected that they are often used as 
Mvncmymous terms by the refiner when he Is speaking of 
refined copper Oxygen Is often ^K>ken of ss a medicine for 
copper It being used to regulate the pitch 
iho general xdiyslcal properties of copper change In a 
marked manner with the Increase of sulidmr An increase 
In tbe sulphur contents affects the number of brads In a 
very much greater ratio than does oxygen 
Reasons for rejecting refined copper on physical examiaa 
tlon are Low pltdi, overpcdlng cold sets gpewlng shot, 
fish (slivers of foreign coj^^er as the fins from tbe pouring 
ladle, etc ) , holes of several characters, as water holes khake 
holes, shrink holes, gas boles spew holes general porosity , for 
elgn substances, such as charcoal, bone ash dirt, etc 
splashes fins cracke large set marks water bursts rldgM 
on surface shaxies cast In rough molds wrong dlmensloPS , 
ind collective defects 


( kOIOGlC DISTILIAIION OF PETROI BUM 
Bt Baiuet Wuxjb 

In 1882 Feckham put forward a provisional hypothesis to 
account for the distillation of petroleum He did not formally 
state the hyplhesls hut in a discussion of facts drawn from 
many fields he made It dear that he regarded petroleum and 
fspedally the petroleum of the Pennsylvania fields as a 
fractional distillate produced under high pressure and conse- 
quintly at a comparatively high temperature 
The object of this paper Is to bat Peckbams hypothesis 
and the cratrlbutlons to it made by Whitt and Johnson by con 
slder mg the geologic activities of the Appalachian province In 
the light of present day knowledge Tbe presence of oil and 
gas In the Permian geosyndlne is accounted for by the 
driving force of the excesrivo gas prenure dne to distillation 
In the folded sona east of that basin Tbe preponderance 
of oil in the western part of the oil Adds and the very great 
preponderance of gas In the eastern part follow from the order 
of distillation In the course of movements which Increased 
gradually In intensity In each fold first oil and then gas In 
quantity, In the order of distillation and in progress up the 
monocline from east to west The quality of tbe oil and the 
largo proportion of gas follow from repeated distillation and 
migration through long distances 
The absence of salt water from the dry sands In the deeper 
part of the geosyndlne does not find any explanation in this 
general hypothesis It Is however, a condition which may 
reasonably be attributed to migration at a later date, tbe 
salt water rising along tbe limbs of the geosyndlne as the 
gas pressures at higher levels diminished through leakage, 
erosion, and other saperflclal factors If so, the original con 
dltlon of accttmulation would not bear upon the present dlstrl 
bution of the salt water We may condude, tbra, that Pedc 
hams hypothesis of geodynamle distillation of petroleum 
mec ts the Ihcti in tbe Appalachian field 
A study of Amralcan and European oil fidds along tbe lines 
of Peckham s theory obUges os to recognise a great diversity 
of conditions under whldi petroleum may be distilled and 
under which It may migrate Nowhere^ so far as the writer 
knows, Is there an exact paralld to AKuQachlan coodltbrns 
This was to be expected, for the petroleoma of the AppaUditan 
fields present peculiar duiractmistics, and the Appalachian 
folding, was almost unique In respect to the diaracter and 
dynamla of defomatloD 
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DTB DBYBIiOPMBNTa 

In a reoeni Isaoe of the Wmll Street Journal the stateiDent 
te made that one of the dye mannfactnrtng conoerna has 
already loot a reiy large eem as a result of its effort 
to give America a domestic dye Industry The money expended 
cannot be considered lost If it leads eventually to the estab 
Ushmcot of a dye manufacturing business for it is but a 
fraction of what must be spent In developing new colors 
gperfectlng old ones, and carrying on a broad systematic pro 
gram of researdi Indeed tho statement la mad«t that one 
cofkcem lnvevte<L 800000 In perfecting a single dye stuff 
The euestlon therefore contlnnea to be not what it will cost, 
but whether the country Is prepared to give the kind of sup- 
port to such enterprise which Justlfles such large expenditures 
and attracts the necesqiuy capital at the present stage of 
deveLopmeut 

In a bulletin issued by the American Ohemlcal Society Dr 
Charles H Herty, who has Just returned from Paris where he 
was sent w^th the approval of President Wilson to make cer 
tain Investigations relative to the dye trade makes the 
statement that Germany stands read> again to seise the dye 
trade of the world and to stifle American competition unless 
adequate legislation Is provided As has be^ frequently 
pointed out 70% to 80% of the necessary dyes are available 
here l<onr per cent of the missing oomnionl> called vnt 
dyes are particularly deslnnl by tlu cotton tradt nnl 
It Is understood that Dr Herty was vent abroad to determine 
what could be done to vecure enough of these dyes for the 
use of American manufacturers until Atncrlcan dye staffs 
of this type are ready and on conditions that would not pledge 
the American consumer to a long time contract 

According to the terms of the pence treaty 40000 tona of 
German dyes valued at about 170000000 had betn Impounded 
and In addition to this quantity some 0 500 tons had been 
produced from the dally output and these the Germans had 
for free sale under license from the Rhineland Oommlsston 
American consumers art pdrmltttd to Import a portion of 
these dyes To quote Dr Herty The threat to the Amerl 
can dye Interests that Is both consumers nnd producers lies 
in the fact that until American manufa( tun rs can supply all 
of America’s needs Germany can chargi extortlonnie prices 
for these dyes which we do not manufacture She Is manu 
facturlng dyes on a large vcnlt nnd becauvt of tne pnsent low 
value of the mark she will bo able to anderl)i(1 tbi American 
dye producer in an open competitive market The only solu 
don of this problem Is legislation by Congress and the Intro 
duotlon of a license system until the American manufacturers 
are able to supplv all our needs and to meet the compctldcn of 
Germany * 

The great Badlsche plant had smoke Issuing from twelve 
of its fourteen chimneys on October 80th and the dye works 
on the banks of the Rhine which represent the greatest fac 
tories in Oennanv, are producing dyes In large quantities 
The directors of the Badlsche plant are confident that they 
are going to get back their old American business through 
the medium of their former agents and state that the lines 
have already broken and that they have In hand orders ffom 
Individual consumers In the United States with the authority 
from the United States Government to ship supplies throng 
their American ageots to the consumer 

To again quote Dr Herty "The same confidence character 
toes the Industrial Germsu as had been recorded by the mill 
tary German In his first advance through 6slt[lam, the same 
utter contempt shown of American capacity te do things as 

e 


was rocaled during 1917 But 1918 showed that the German 
had missed bis guess aad I make the prediction that he has 
missed U again Only one thing is needed to Insure the oor 
rectness of that prediction namely that the mass of our 
people understand lust what the situation Is Such an under 
standing will reflect Itself In sympathetic protective leglsla 
tloD, and time will do the rest for tho American chemist needs 
only time to forge the mlsalDg links In the chain of a complete 
self sustained dye Industry 

It would seem therefore that the tndnitrlal war is on and 
we will do well to consider the resources of our antagonist 
Germany faces a winter In which the coal suiqily may become 
a very serlons factor Transportation problems confront her 
and the German seems worried over the situation created by 
the seisure of those patents through which he had tor so 
many years successfully throttled Aimerlcan industryi nl 
though he agreed In signing tho treaty of peace that tbess 
seizures weire valid But notwithstanding these handicaps, 
the German dye manufacturer Is strong today He has been 
able to keep the personnel of his plants Intact hit plants 
an. In prime condition and even greater than before the war 
he has the determination to regain his markets and It would 
be an error to underestimate bis ability and fighting strength. 

Iwenty years ago a Swiss professor predicted that some day 
the S 3 mlhetic dye industry would flourish In the United States 
because It is the natural home of that industry and It appears 
that time and needful legislation can combine to fulfill the 
prophecy 

Dr Ueriy stated that arrangements bad already been made 
to have sufficient vat dyes in this country by tbe first of next 
year to meet the Immediate requirements of the American 
manufacturers and meanwhile ample preperatlona are being 
made by American producers to eventually cover Axnerlcau 
needs But during this preliminary stage favorable leglsla 
tlon Lh al»HoluteU tv^viitlal and t'lu those manufacturers who 
have always contended for low tariff or free trade principles, 
sc( m convinced that the only safe way to Insure to America 
the one Industiy which above all others should result from 
th< world war Is by the enactment Into law of the leglsUtlon 
now In Congircts 


INDUSTBIAl POISONING 

In the Join nnl of IndUHtrM Dr Alice Hamilton of 

the United States Bureau of T^ibor Statistics, and Assistant 
Professor of Industrial Medicine at Harvard Medical School, 
discusses Industrial poisoning by compounds of the aromatic 
series Tbe Btad> reported embraces benzene and benrene 
derivatives nitrobenzene, aniline, and dye manufacture 

The dam < r from contact with benrene which is absorbed 
In the higher boiling oils daring the coking process which 
are afterwards subjected to fractional dlst Illation begffis In 
tbe distilling l^use and while ordinarily there la no danger 
of Industrial poisoning anv accidents which result in a gpfll 
or which necessitates repair work are attended srlth much 
danger Dr Hamilton dtea the cose of a man who was 
drawing off water from the bottom of the benzene settling 
tanks To do this he had to stoop under the tanks and while 
he was suiq>osed to close the valve as soon as benzene began 
to flow, he apparently was slow In doing this and tbe fumes 
of benzene be^n to escape Becoming dazed he started to 
leave without turning off the benzene but collapeed on the 
floor Two men went to his rescue but In carrying him up 
stairs one of them was overoome fell and broke biz neck 
The workman was aftwward revived 
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Sinie benzene i* uzed In zo jiian> Industrlti for example 
as a solvent for roM>er In the paint and varnish trade In coal 
tar palnt» and as a raw material for making phenol and many 
intcrmcdlateSf It la well to become acquainted with Us effects 
In benzene Intoxication the brain and Kplnal cord contain 
rclathely more of the poison than anj otln r structurta prub 
abl 3 because of the great solubility of benzene In fats and fat 
llKt b(HUc«, such ^ the llpolUs of the nci\oua system The 
effect on the blood Is maiked and ckaracttrlstic There Is an 
nnadiiiH of the Hplavtlc ttpe and a i,reat diminution of the 
white corpuscles Cuplllar> hemorrhages under the akin and 
mucous mernbrams arc so (ominon that the Qeiiuans call this 
lonn of iHilHonlni, niutfitM.1 enkiankhelt 

ihe aftlon cif the nltro and atnldo derhnthes of benzene 
used princlpall> In the pioductlon of d>es perfumes drugs 
and (xplosUcB uiKniliUs that of benzeni Itself^ although th«y 
do not prwlucc (In Manic cfTf^t on the blood cells Mononltro 
benrtm Is regatded us dl-uimth muit clangerouM than aniline 
although there Is not ncnrl) so much juilaonlnit from nltro 
benreiie because the work dots not ln\oUc so much exposure 
as In thi case of aniline Ho\\i\er uhen U does occur It is 
much more likely to be fatal or to punhue a longer isiiod of 
dluibntt\ than does aniline 

One of the s 3 n)ptomH of aniline and tiUrolienzcne poisoning 
Is Ihe deep blue color of Ups and tongue with headadu slight 
dlzslnesH and dlfllculty In swallowing Xhc rubber Industry 
used to be the greatest source of aniline poisoning but the 
dye Industry has displaced It Aniline has b<en laigcly 
replatfd lo n snlUl aniline ftimialdchvde In rubber compound 
Ing and this docs not app^ nr to cause InduMtrlal poisoning 
rhe production of dyes on the present large scale presents 
another Intereeting field of investigation, for not only are 
benzene nitrobenzene, and aniline used in great quantity but 
there are a gnat number of dtrUathes some of which may 
hax a toxic action cm the skin the cent ml nervous sjntem 
or the blood or all tlirei Ihe toxicity of the substances em 
ployed depends somewhat upon thdr physical condition that 
Is whether solid or liquid and to what extent they are 
>olatile In some Instanrcs the degree of toxicity can be esti 
mated from tbeir chemiool ronbnt for it Is known that 
the entrance of chlorine Into a fatt\ compound may be e\ 
pei»ted to Increase Its toxicltv, but the binrene sorioa ai>p*arH 
to be little If any affected the intranco of chlorine Nl 
tratlon however produces a duldcdiv poisonous product that 
la nitrobenzene and nltroohlorhenrenc are much more poison 
oua than benzene and chlorbenrenc Slulphonatlon renders n 
compound non^xlc ]«or c xnmple aM soon as aniline la sul 
pbonated It ceases to be troublesome The introduction of an 
alkyl group lessens toxicity dlroethvlnnlllne being less poison 
ous than aniline, while the HO group renders all members of 
the benzene series more poisonous The same group changes 
alcohols to harmless glycols and gh enrols 
l>oubtless with the continued dcMlopmont of our chemical 
industry^ the extent to which ImluatriAl poisoning is studied 
will naturally Inrreasp to the dlroet lientflt of those engaged 


CHI- MTS rs unsr aip trfatmlnt 
Db I zx l N I ZAC h has < ont rlbuh <1 a x aluable series of artl 
chs on this subject to tAs Chicago Chemtcai BaU&tiH which 
has now reprinted them in the form of a pamphlet In many 
diemlcal plants the chemist is regarded as the pro|>er peraon 
to admlnlstir first aid treatmmt In the absence of a physician 
and the dUllcalty which tome people experleme In dUtlngutsh 
ing between the training of a pharmacist and a chemist may 
be in a measure responsible for that condition The average 
Chemlat la not qualified to diagnose and consequently cannot 
effldetly administer treatment He Is unfamiliar with the 
action of most drugs, may not be familiar with bacteriology 
and the necessity for complete oterlllatloD of Instraments 
and materlsls used, and altogether abculd not be expected 
to perform the sort of work which a nurse or otbee properly 
trained person might Hotrexer the chemist will continue to 


be called upon for aid and the pamphlet In queatlou tharaCore 
will be of great assistance to him 
Ihe emergency treatment of bnma, abrastons, hmloe^ anti 
dotes for poisons, parttcnlarly those of a chemical nature^ and 
ihe propel coarse of procedure In the treatment of Internal 
(onditloDs Is glxtn 

FOOD AND NUTRITION 

A iOMMirrtj on hood and Nutrition has been formed under 
the Division of Biology and Agriculture of the National Re- 
search Council the objects being 

(1) lo promote sdentlflt research upon the nutrition of 
men und of animals especially animals of agricultural Itnpor 
lance, and to bring about cloaer relatlona between the two 
fields of work 

(i) lo promote the study of the economic aspects of nutrt 
thm that Is the study of national and international as dis 
ringulshed from personal nutrition 
(d) Vending the possible establishment of a National In 
Mtitnte of Nutrition, to act as an unofficial clearing bouoe for 
(xiMting research Institutions and to promote and eobrdinate 
both Araeiitan and foreign research 

(•4) To promote sane and authoritative extensjun and props 
},HDda work in the interest of better nutrition 
The methods to be employed in the proposed studlis of 
course differ with the siililocts In hand bat col>peratl<m with 
all existing agencies la xci} neeimoir} and tlie flist work will 
be the preparation of a broad proxratn of rcxeaich in both 
human and animal nutrition eiiiphaslring Mpeciallv the gaps 
In our present knowledge with the Mu^ReMtloti of piohhmM of 
the most immediate importance 
Some of the questions in animal nutrilLon whloli are most 
Migniflcant ha\o been armnii,ed by Dr F B loibei^ Chlif of 
the Department of Nutrition Ohio Ai^rteultural iviMilinint 
Station und a member of the commlttte as follow h 

(1) Iht Influence of yarjing proportions of grain to rough 
on the rate and ehamder of the growing, of <atth 

(2) Ihe Infiueme of the rate of growth on tin (haraetir of 
tin incitnae In cattle and swine that la thi iioint should be 
tletermined at which th< probln Incteasi n aches Its max 
Inium 

(3) The Influence of fertilizers applied to pastures on the 
skeletal development of calves and colts pastured th^reon 

(4) The feeding and management of swliu with nfercnce 
to tbe apetifit effects of feeds espeiially of iieanuts on the 
(hemical composition and physical constants of the body fat 

(5) Methods of utilization of the solids of hnrt^r milk and 
wluy 

(fi) Wie dtvilopinent of x mstim of mhrtne linpni\ement 
of mtat animals based upon thi refolds of efflclencx In thr 
utilization of food 

There are many other questions of eqiiol importance and 
those contemplated In studies relathe to human nutrition 
form an equally large field for Intenidse i^seanh Studlea of 
this character initiated at this time and consistently sustained 
tan be expected to pro>ld( data which Is essential in consld 
i ring our present economb problems In times of peace as well 
as of those of future wars In which foods mnv 1 h expected to 
again play a dominating part 


COTTON LINTEBb 

Whitp there Is a comparative shortage of lon^ staple cotton 
due to the Inroada of the boll weevil and the new demands 
estimated to be equivalent to fiOOOOO bales annually for cord 
tires alone In this country, there is an excess of tfiort fibers 
and particularly of cotton lictera 
Before the war about fifty pounda of llntera were removed 
from each ton of cotton seed, but the war ttoie need for 
eelluloae, to be used In produelng nltroe^lnlAae greatly in 
creased the amouut of Unters produced par ton of eeed and 
the Ooremment finally stipulated a quentity which wotdd be 
considered good practict Now that the peed for nltrooelln 
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lose &M dtmlniihMli tbere U a large Burplna wUch normally 
would go to waste and we have therefore another problem 
for the dMmlat 

The Foreat Products Laboratory bav demonstrated that a 
good grade of paper can be made from this material and the 
pulp whldi could be rallied from this source would amount 
to many tbouBands of tooB annnall> The paper which has 
been produced Is of s quality which would compete with ot 
at least supplement the ordlnaiy grades of rag stock papfi 
and could probably be produced at an attractive price Ihls 
la eig»edalLy true at this time when there appears to be a 
world shortage of rags for paper stock Normally the United 
States is a large Importer of rags from Europe but the 
scarcity of fibers there and lack of transportation has curtailed 
this source^ and In the interim It Is hoped that a satisfactory 
method can be worked oat for using Hhat would otherwise 
1)^ wasted thus adding another Item to the. list of those on 
whlih the United Stntf s is self contained 

Ibe campaign to exterminate the cotton boll weevil con 
tluues with some encouragement through the use of calclutn 
arsenate In various parts of the cotton Mt particularly lu 
louislana While it has been feared that the dusting of the 
plant with this poison at sufficiently froquent intervals to be 
effective would bo considered a large item of (xpensi there 
arc plonteis who testify that the actual c\i>euse la wholly 
Justified and of course If the difference is Ixlwten an acre 
which produces nothing duv to wtevil Infection and an acre 
which has been dusted and thin yhlds a bale of cotton, a 
large cost can be Justified 

Ihe experiments have not lain finished but will be t,lven 
continuous support It N IHlevcd that the d^atli of rh( 
weevil conies fiom poison pKsent when ho drinks the <Kw 
which has come in contact with the <nlcliiui nr^enato 


CHTMICAI >\OUK AT THh ItlUtSl lUOULtiS 
LABORATORY 

This laboratoiv is maintained by the lulUd states Konst 
Service in cooperation with the Univerblly of Wisconsin and 
at the present time the station numbers about two linndnd 
Ihe work Is going forward under five sMtloiis nniiuh 
Derived Products Preservation Pulp and Paper TIihImi 
M echanics nnd Tirabei Phvslis Ihe equipment is unlqut 
althongh not ns cvtensive as some of the « nthii'»iawis would 
like to have it 

Under Deihtd Products chemical studies of many kinds 
ire made on naval stoies hardwood and soft wood dlstllln 
tlon products and processes the monufnctiiK of elhvl nbohol 
from wood the annlvsls of wood pustrv lUves lii\( sdMtloiih 
of extraction piocesses and prodmts nntl sliulhii studies 

Preservation of wood against fire and decay th( divelop 
meat of glues of various types for p1> woik and Joint work 
the perfection of specifications and protessis for Biniafl 
piopeller manufacture and the studv of spcclllcations and 
processes of manufacture of ply wood constitute tbt prln 
<lpal activities of the Section on Preservation In the pi(s*i 
vatlon of wood, particularly railroad ties against de^ay /liu 
« Monde plays a very important part and the question of the 
rapidity with which sine la removed from the tie by hethmg 
Is a very pertinent one The Work done on this subject tndl 
cates that the presence of ereo comparatively large amounts 
of ainc In treated material does not necessarily mean that 
the wood is protected against decay unless a sufficient amount 
of arid Is also shown to be present Unfortunately our present 
methods moke It possible for the chloride radical to be 
drawn from the wood by leeching faster than the sine radical 
Uurii of the work that hu been dmie on the glass and ply 
wood is of tmportance to the veneer and furniture manufhe- 
turers and oonseqneatly is being oontlntted for that purpose, 
if for no other 

The Sectloa on Pulp and Psper carries on studies in all 
phases of palp and paper manufseturev including Inveetiga 


tlons into the availability of various American woods for 
pulp purposes 

The Timber Mechanics bvetlou as the name implies, testa 
the mechanical properties of wood studies the effect of defects 
upou its strength the development of built up construction, 
the Improvement of shipping containers of all kinds tbo 
eiTvHtM of piesenatlvLs kiln diyliik and other processes upou 
the piuperties of wood 

Under Timber Vliyaics tbeie Is placed the study of the fun 
damenlal principles of the drymk of wood the development 
of commercial drying methods and the determination of 
proper drying schedules of all American woods of Importance 

Ibc. results of the laboratory a work are made available to 
tht public through the publication of progress reports and 
final coDcluslons suppoited bv iiccebRary data as rapidly as 
study upon the various pha«tis of the probhuis can he completed 


UltXilSll UI?S1* \UC1I ASS(X-IAJIONS 

JiiL iliitlbli s<ieii(.o <Tulld 100 ri(<utlllly W 1, has broukht 
out an interesting, volume entitled Urltish bdeutifle Projects 
Bxhtbltlun, July 1 to August 1 1 hi war work at unlver 
sides and other institutions constitutes one chapter that 
dont In tin laboratorlis of fuuiteen Industrial establishments 
iinotlu I the third describes the progiess of the formation of 
liidiMihil nsiarcli ao^uiclations thi tourtli libtK an lii^n sting 
collection of sdentiflc and technical books and the remainder 
of the volume is given over to a detalhd description of the 
exhibits 

riie resparoh associations are of perhaps the most interest 
to American readers As has been pointed out previously they 
QIC foimul under the Department of Sdentlfic and Industrial 
iUm mil of Ihe Government which has at its disposal a fund 
of one qiHlion pounds with which to meet the Ciovernment ■ 
share In the research work of these assodatloDB on a pound 
Ifir iMMifid basis Right of theso Hssodatlons have been In 
coiiHir tell nuuulv boot shoe «ind sill'd tiades cotton 
Hugur motor and allied manufacturers photograidiic Portlaud 
cement woolen and worsted industry and sdentiflc instru 
ment Industry 

A like number have been approved not licensed as yrt These 
rover India rubber Iron manufacturers mualcal insruments 
Scottish shale oil Untn gla^s non ferrous metals and 
( hofsdnle cocoa and Jam 

^imniscrnents for similar associations to cover aircraft 
nnd ufrnctnrv materials are nearing completion while seven 
iithii IndiiHtiUH are encaged in drafting arttries of assocla 
tlon Ihe laltcr are silk, pottery, leather laundry mastei 
hiikciN and eonfectloncrs englnctrlng and shipbuilding and 
thorn iiit<nste<1 in the lighter manufacturing procems on 
iiu taN 

As Rii Indication of the work covmd by such associations 
the following quotation is made from the prospectus of the 
Rritlsh Hi starch Association for the Wo<ilen and Worsted 
Tiidustrhs 

Tht ohJi<t of the association is to establish In cooperation 
with the Co\ emment DepartminC of Scientific and Industrial 
Rosenreh, a national scheme for the scientific investigation 
either by its own officers or by the universities technical 
Mchnols and other Institutions of the problems arising In the 
woolen and worsted industries and to encourage and Improve 
the technical eilucatlon of persons who are or may be en 
in the industrleb 

The assoclatJon has published an intenstlny, pamphlet cn 
tltlcMl StIintllU Ueseeich in lU lotion to Hu Woolen and 
Worsted Industries In which emphasis is placed upon the 
objects of research the methods for research the cost which 
Is bdsed upon the capital stock of the contributing firms and 
the effect of researrh upon Industrv V\e quote from this last 
chapter 

There is first of all the direct effect A full knowledge^ 
widespread through the industry of the principles underlying 
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worko and mill practLoe will enable ua to took forward to the 
future wKhout dread, to meet the vlcMtudea of fortune, and 
to Kieet the unseen with a (dieer Surely this will be no 
small gain It should be empbaslxed that Improvement In 
machinery and the Introduction of more sdentillc processes are 
not likely to have the efEect of diminishing the number of 
persons engaged In a well organised Industry Oarlyle pointed 
out long ago that in bis day the number of bare backs was 
greater than the number of shirts avallaible to cover them 
and this Is still true In the language of the economUt, the 
demand for clothing Is not yet satlsfled Every ImxHravement 
in the method of producing clothing will have one of two 
results cither it makes the goods more cheaply or it makes 
them better In either case both labor and caxdtal, to use 
the common terms, are likely to benefit 

^Iherc are other indirect gains An industry conducted 
on Bdentific lines attracts a better type of worker Every 
one who begins to have experience in Industrial research at 
once looks at the industry from a new standpoint What 
they have looked upon as a dally round of mechanical opera 
tlons pursued solely for the sake of making a Iving Is in 
fact an entrancing subject of study What man is more for 
tnnate than he who is dally absovbed In an occnpatlon In 
which he has an Interest t This applies both to employers and 
employes 

BRiTisn i-wrivKiiJirNr standards a^sooiavios 
SP1<GIFIOATIONS 

The Serretary of the Oanadlan Engineering Standards As 
sociatlon Ottawa announces that some of the publications of 
the British Association are now for sale at their office 
These publications Include An Interim Memorandnm on 
French Metric Screw Threads for Aircraft Purposes, British 
Standard Tables of Pipe Flanges Spedfleations for Stme 
tarsi Steel British Standard Pipe Threads for Iron or Steel 
Pipes and Tubes, Specifications for Electricity Meters Sped 
fleattons for Cast Iron Spigot and Socket Flue or Smoke Pipes 
Standard Rules for Flectrlc Machinery Report on Brltldi 
Standard Fine Screw Threads and their Tolerances and the 
following sets of specifications for cast Iron pipes for hy 
draullc power for keys and key ways for sires of broken 
stone and ebippings, for salt glased ware pipes for charging 
plug and socket, for ^chloloe run by electric secondary bat 
terles wrought steel for autonioblles starters fur electric 
motors and for electric cutouts for low pressure type *0 
There Is further a report on the British standard dimensions 
for spark plugs, for internal combustion engines a report on 
standard dimensions of wheel rims and tire bands for solid 
rubber dies for automobiles British standard nomenclature of 
tars pitches, bitumens and asphalts when used for load pur 
poses, and British standard specifications for tar and pitch 
for road purposes 

WELDING THE SHIP^ 

The speed with which the Oennan ships in American ports 
were prepared for Irsns Atlantic duty Is not to be looked npon 
as proof that the damage done was Inconsiderable but due to 
the high degree of skill attained In welding operations In this 
country, and to the fact that the German in his customary 
methodical manner carried out bis orders so that the dam 
age on each ship was essentially Idenrioal Under these dr 
cumstances each ship did not present an entirely new prob 
lOD, but the work was made eaaler and could be done 
with greater rapidity because the experience gained on one 
Job fitted exactly Into the requirements on the next 

Welding has become a fine art and chemistry shares in Its 
present perfection Modem metal compositions require high 
temperatures and the masses of metals used In some repairs 
are quite beyouAl what was considered possible but a few 
years ago 

In some Instances the Intense heat of the oxyhydrogen flame 
answttv, but more recently the oxyacetylene tordi has been 
preferre d where a welding over comparatively small areas is 


required The well known thermit procen where a diemtoal 
reaction both produoea the required temperature and so^Uea 
the molten metal* haa hdd flr«c place almost undltputed. In 
large scale repairs 

In the fabrication of steel ships dectrle welding proved to 
be of the utmost importance, helping to acootnjdldh wtiat 
would otherwise have been Impossible The American Bureau 
of Welding has ttkesx an active part in this work and has 
directed mu^ of the research on electric welding methods 

In aluminum welding where large holes are to be flUedi a 
surface of galvanised Iron is sonKtlmes provided to act as a 
chilling agent causing the filler to cool and harden prema 
turely, thereby preventing it from contracting after the weld 
Is finished Galvanised iron is well suited to the purpoee, 
«iince it peels away from the aluminum with ease after the 
weld has been finished and cooled The welding of alnml 
num requires great skill one of the dlffirultiee to be overcome 
being the oxide film which forms rapidly on molten aluminum 
A flux has proven its worth In preventing the formation of 
this film thus allowing the aluminum to run Together and 
forming a suitable weld Befort the flux came Into general 
use for aluminum welding, it was almost impossible to build 
up the parts as desired but this Is now readily accorntdliAed 

Spot welding has already taken the place of riveting for a 
great deal of fabricated material especially sheet metal work 


NEW METHOD OP CHEMICAL ANALYSIS 
A Method of analysis Is described by A W Hull in the 
Journal of the dmcrlouit Ckems^ol Bociety based on Debye 
and bchener s X ray spectroscopy of so called amoriftioas sub 
Siam es In tlfis melbod X rays after passing through suit 
able absorbing screens to render the beam homogenous and 
through two suitable silts nro allowed to fall on a small 
cylindrical tube containing the powdered substance to be 
analysed The reflected X rays are recel>ed on a cyllndri 
cal photographic film By ccunparing with similar photo- 
graphs of known elements and compounds the photographic 
n cord obtained In this way it is possible to distinguish the 
constituent compounds In the unknown powder— From iS^ciance 
ib»tractM 

INHUENOE OP THF AGE Ol THE OOW ON THE COM 
POSITION AND PROPERTIES OF MILK AND 
MILK FAT 

Dais obtained from the records of the Jersey, Holstein, and 
^yrshiie herds kept at the Missouri statioa Miow that the 
average variation In the percentage of milk fat from year to 
\ear is not large with Jerseys the percentage of fat rising 
slightly in the second or third lactation period and then de- 
clining slowly as age progressed, while with the two other 
breeds the hlgliest percentage of fat generally occurred in the 
first lactatton period the i:une then gradually defining The 
milk of cows from 11 to 19 years old Miowed no abnormalities 
In physical or chemical constituents, and butter made from s 
cow 19 years old and In her thirteenth lactation period *wss 
pronounced to be of excellent quality and kept for a period 
of three months at a temperature of 8* to 10* without showing 
any marked deterioration” — From Chemical Abetraot* 


GLAUBERS SALT IN SIBPRIAN liAKBS 
The following Is an estimate ot supidles of precipitated 
Glaubers salt In some of the Siberian lakes (1) The Great 
Marmyshansk Lake 144000000 poods (2000000 short tons) 
of costalllne salt ( Na.SO«10H.O) and 22000000 poods (807, 
JiO short tons) of evaporated Glaubers salt, (2) little 
Marmyiiunsk Lake Jfi 000,000 poods (481^ short tons) of 
cryatalllne salt (8) Take Tuikal (Mlnustosk district)— 4 p 
to 100000,000 poods (1805500 tons) of crystalline salt (4) 
lake Varche (Minusinsk district)— up to 100,000,000 poods 
(1 800 500 tons) of precipitated cryatslJne salt and an enorraons 
quantity of Olauber’a aslt in aolutlon — From Com meree Be* 
porta 
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INTBODUOTION 

T HB rvaden of the Sc iM T igi o Ahkbicam Monthly 
are probably better Intormed than the malority of 
people concerning the work done by the Bureau of 
Standard! at Washington, but, even In their case, a short 
statement of tiie very broad of aclentiflc research covered 
by the activltlea of that Bareau may be of Intent 
The usoal Idea of a ftandardlalng Institution aeema to be 
that of a Bureau concerning Itself with the comparison of 
weights and measures Such was, in fact the original work 
of this cbaracter undertaken in the United States and from 
it the present Bureau of Standards has grown The Impor 
tance of exact fundamental atandarda was recognised In the 
earliest Ornes. and probably dates from the beginning of dvlll 
satioD itself Oertaln recornmendatons ciniceming the estab 
lishmeot of standard weghts and measures were made at the 
ttane of the founding of our present go\eminent Little how 
ever was actually accomplished in the United States until 
the founding of the present National Bureau of Standards 
by an act of Oongress In 1901 

Standardisation, as understood at present, Includes much 
more than the standardisation of weights and measures and 
It will give the reader some idea of the great variety of the 
work ccuniHrehuidcd by this term to list the various kinds of 
dandard^ with whlih the Bureau deals These Include 
Standards of measurement, such as units of length mass, and 
time physical constants as an examine of which may be 
mentioned the latent heat of vaporisation of water stan 
dards of quality which are concerned mainly with the specif! 
cation of materials, standards of perfoimance such as the 
ratings given to engines, electrical apparatus Instruments, etc, 
and standards of practice among which may be mentioned 
the epedfloatioQ of roqulrements for gas and electric service 
In our dtles 

Work In connection with each of these standards requires 
the employment of a large corps of experts and calls Into 
requisition all of our knowledge In the fields of physics diem 
Istiy, and engineering The organisation of the Bureau Is 
bas^ upon the different kinds of work which it performs 
rath«r than upon the various kinds of stundards Its sdentlflc 
wiok is divided Into nine divisions as follows electridtv 
weights end measures heat and thermometry optica, chem 
Istry, methanlcal appliances structural and miscellaneous 
materleU metallurgy and ceramics 
From time to time the Bureau will endeavor to supply 
CMtaln notes on current reseerdieB which will be of Interest 
to the readers of this Jonmal Those submitted this month 
are representative of the work now being carried on and In 
which the Bureau Is cooperating with the various Industries 

mvcenoaTioBi or eraassss ui sxiNToacD concanx tlooes 
The use of reinforced concrete and tile for the construction 
of floors in large buildings has become very common of late 
years, and with the increasing use of these floors, It Is essen 
tlal to determine accurately the s tr esse s to wbldi they are 
subjected when called upon to withstand heavy loads The 
theory of the bttiavlor of such types of oonstructlon is not 
at p r e s en t completely understood The load upcm any pantt 
affects not only that pan^ but all the surrounding pan^ 
and the Intmctlona of members thus developed Is so com 
pltcated as almost to defy analysis Ihls makes It necessary 
to base deslgne largely upon empliical formulae, arrived at 
as the result of tests Oertaln progortlee of the materials used 
enable tb# engineer to determine with t fkir degree of ao- 


curacy the stresses to which the floor is subjected under 
various eondltions of load Materials under tension stretch 
or elongate while those subjected to compression become 
shorter and this change in length has been established for 
various materials Therefore If the Uongatlon or shorten 
Ing of the materials in a reinforced concrete floor have been 
measured the amount of tension and compression In the 
mateilals may be calculated In such a problem it is assumed 
that the ate^ reinforoement carries all the tension while the 
concrete withstands the compression 

Since the steel reinforoement Is embedded In the concrete, 
holes are drilled In the concrete a certain distance apart esx 
pobluL the steel reinforcing bar for the purpose of making 
meesurements and with a very fine drill two holes are then 
made in the bar itbelf Ihe distance between these holes Is 
BE^roxlmatily the desired gage length, say 8 Inches Slml 
larly for the purpose uf measuring the compression holes are 
drilled in the concrete abont 8 Inches apart and steOl plugs 
Inerted In these plugs the very small holes for the Instru 
ment arc drilled as was the case with the reinforcement bar 
We liave Just stated that these ga^o holes are made a sped 
fled distance apart this distance Is approximately equal to 
the zero poMtlon of two points on an Instrument known as the 
strain gage The strain gage Is made up of a fixed point and 
a movable point pivoted to a metal frame The movable point 
HCtuatis through multlplylnL levers a hand on a graduated 
dial A change In length of 0001 Inch In the gage length 
may be thus detected 

The u9ual way of conducting a test of a concrete and tile 
floor la to arrange the desired openings In the steel and 
concrete at all iMilats at which the stiessea are to be deter 
mined The strain gage readings are then taken and recorded 
on the data sheet when the floor Is subjected to no load 
Of course, if the holes in the steel and concrete bad been 
drilled with absolute actumey they would all be exactly 8 
Inches apart and tliere would be no need of talcing a set of 
zero readings Such a case never occurs In iiraotke The 
floor is then loaded in any de«dred way with cement or other 
materia] and the measurements with the strain gage repeated 
These will show a dlffeiwce In lengfti both in the steel and 
concrete the difference amounting to the total dongation 
or shortening In the gagt length of 8 inches The unit riiange 
Id length will be this total change divided by the gage length 
It is the usual practice to uroly the load to the floor In small 
Increments so that when the data are worked np curves mav 
be drawn showing the deformations at different percentages 
of the total load After the maximum load has been apidted 
this may be removed and zero readings again taken to show 
whether the material has received any permanent deforma 
tlon Sometimes still another set of readings is taken several 
days after the removal of the load as the material may re- 
cover very gradually The accuracy of the readings obtained 
with a strain gage depends to a great extent upon the ex 
perlence and skill of the operator, and one man should take 
all of a given set of readings during one test Having ob 
talned the readings It still may not appear quite ^ear how 
the stressos In the materials can be cakulated The explana 
tlon however, is shnple Bxperlments have shown how mntti 
a sted of given quality and cross section wlU elongate onder 
different loads The same applies to the compression of con 
Crete Knowing the lengthening and shortening we are able 
to figure the unit streas at that time 

The deflection of the floor In a vertical direction under 
various loads to detennUied by measurements between points 
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oD the floor slab undei r«>Hit and other points directly abore 
or briow them 

Ihe Bureau of Staudards has recently undertaken one of 
the largest tests of this t)pe of floor so far carried <m The 
work la being condurttNl on a large tost slab reci ntly erected 
for a large manufacturing ionipan> located In Ohio The 
floor slab which la to be tested in built of reinforced 
hollow tiles with concrete ribs between them and a 
two way syatem of reinforcement In this ODnstructlon the 
steel reinforcement Is placed sixteen Inches on centers In each 
of the two directions parallel to the edges of the pan^ In 
the center of eeeh of the slvtecn Inch squares formed by the 
liitirsectlon of the reinforcement bars Is placed a hollow 
tile 12 Inches square of a depth equal to the nominal thick 
iieaa of the floor iwnel In the present caM, six cell bulluw 
tiles d Inches In depth arc used After these tiles are set in 
positloD the whole area Is flllod with concrete flush with the 
tops of the tiles The adhesion bt tween the tiles and concrete 
N depended upon to give unity of action 

The first slab^ as built for the above firm consists of 
eighteen panels. Six panels are each 16' X 16' six are 10 X 
10 — d' and elx arc 10 y — d' hiSch gioup contains 
one ponel ha>lng a cantilever These panels an supported 
on Lolumns of tiu oifllniii\ sbtry height used In buildings 

The supporting <olunuiM fin the slab wore poured five days 
in ad\aDce of tIu mJiiH and llu iMMirIng of the slab Itself re- 
quired another fi\c dais titnii each days pouting 6 test 
samples wen taken J hree of thise sainplea are to be 
broWin at thi age of 30 da>s, and the others at Intervals of 
T da\s then*ttlur I nsn llie nsults curves will be plotted to 
dctermliiL tiu tlnu whtu tin coticufi attains the atreugtli 
of 2tX)0 pininch iH*i s<piare liuli lii ccinHiiewdou and os soon 
aftci this dale ns )M»vsil)le the Kind tests of the slab will be 
started \uineiiiu<c steel plugs Iik\c lieen set lo the concrete 
and tlU fot taking strain gagt readings as dcscrlbcHl above 
Two Large control beonm and two atandard bars 3 X 6 X fi 
were tnoalded fzom the coinreti used In making the slab 
These togetliei with re)>i«sentatl\e specimens of the tile 
wilt be used to obtain prelimliiar> data 

Tur BiBtiUs woax in iiir tiviv ut uvuiu (ommumcatxon 

Ihc Important work doio this goYtrnineot In the develop 
meat of apparatus fur radio telegraphy and telephony Is onl> 
now becoming keuerall> known Infortnatlou concerning this 
woik was necessarily kept secret during the war but recently 
several magaAlDt articles ha\e been published which have dealt 
with the governments Investigations In a popular way In 
oounectlon with this development work the Bureau took an 
active part and the numerous Inquiries which have been re- 
ceived Indicate that a few notes on the subject may not be 
out of place Ihe prlncli^al uKOinplishmiuts of tho wai im riod 
wrerc the de^riopment of th< radio direction finder and the 
electron tube The first desire quite a inw di^dopinint and 
Is so oimstructed tliat It rtHehts radio wn\es and at the satni 
time Indicates the direotiun fiom which they ci>mi During tin 
wai it was very largely uf»tMl In locating the posttion of cnenii 
radio staJons both on land and sea ihe elettron tube ma\ 
w^l be said to have rtvolutlonixed the art of radio communlco 
tlon and to have made piuctlcabh radio telephony It has 
enabled American airplane pihrts to talk with oni another in 
flight 

Work In connection with the slaiidardlrlng of these tub4 s wav 
undertaken In connection witlt the Signal Oorps and research 
work haaheen continued wrtth a \iew to improving their action 
and Increaalng the knowledge concerning auch devices 

Other Investigatlcms Included the development of landing alk 
nail for airplsM^ meana for submarine radio enmrounkarkm 
detecting d^dqa, and the development of radio measurement 
A number of publications of both a technical and elementary 
character were lesued by the Bureau among them being a 
mannal of radio work 

Oonaiderable dUflculty has been experienced by airplanes In 


landlng^ln the dark and in fbggy wealter Particularly In way 
ttmea aliplanes are requltad to fly at high altitudes until tbs^ 
are boblnd their own lines and can saMy dsaosnd. Tha 
Bureau, as menUoued In the previous paragraph, aided In ths 
development of a system of airplane landlAg algxiala by means 
of which an alndane at high altltudea is able to toll when It Is 
over its own landing field The work waa carried ooC for the 
Aerial Mail Service of the Poetofflee Depoitmentp tbouifb It ta 
eiiually applicable^ as stated above, to the aerial service of 
the military departments 

Radio algnals are sent from a transmitting aUQon on the 
landing field and by means of a direction finder on the airmans 
the aviator is able to steer toward the source of these signals. 
On the landing field, there la provided a special kind of ooU 
which emits signals Identical with the radio signals except for 
the fact that thtlr effect does not extend mudi beyond the 
space inmudkitcly over the landing ll^d They are, tberfore, 
heard by the aviator only when he crosM the field On de 
<)midlnL where these signals are loudest, he lands In the 
middle of the field These landing signals are produced by 
the same generating apparatus on the ground as that used for 
the radio signals and both are received by the aviator with 
the same apparatus The signals have been heard at a height 
Qv kreat as 6400 feet 

raiNdPUrs OI> BVblO THANSMISSIOK ANU UCCAPnON WITH 
AMUVNNA A^D COIL AlcMAr^ 

ihe ordluary type of antuina is satisfactory in the case of 
radio stations where plenty of space is available such ns those 
ordinarily conntrmted on land In the case of airplanes sub 
tnarines and other small vesatlM It would be a great advan 
take to have siuiie nuirc ooinpAct form of transmuting and 
ncelviiik mecIitiiilKiD ihe relative advantages of the antiiina 
or usual type of elevutetl aerial and the so called coll aerial Is 
an ixtrcniely linivoitant questhm and has recently been the 
subject of an investigation conducted at this Bureau An 
article dealing with the work which has been accomplished 
ak>nk theMi lines was re<eiitly delivered in the form of a lec 
rare at a lolut meeting of the American Institute of Blectrlcal 
K nglneers and the Institute of Kadlo Knglneers 

As a lesult of tills work It is now posstblc to determine by 
fulniplo c a iculii tlon tin dWtuiire at which a given receiving 
aerial will retdve signals from any traiivmlttlng aerial when 
the curnnt In tho atrial Jits dlimiislons and the distance be- 
tween the ^hltlona are known It Is t^vlous that the small 
coil aerial has many advantages, under the conditions as 
outlined In the first part of this paragraph but it is usually 
not as iKiweiful a liaiismittlng and receivlnu device as the 
n)f>re common antenna type The reelstance of ttu coil aerial 
howcvei may bt so much lower than that of the antenna 
that It is equal to it in transmitting and receiving value 
Ihlv work has brought about a bettei knowledge of the action 
of ladlo waves, a subject which up to this time has beoi but 
llitio undci stood 

imaCASlNG TMB. 0PEKD AND COLOX SVNSlTlVrNXSa OW PHOtD 
ORAFUIC FLATIS 

It is well known that the ordinary photographic plate when 
exposed in a camera, does not reproduce exactly what the 
eye sees Thlf la because the ordinary plats Is affected by 
only blue violet and ultra violet light to which the eye Is 
lelatlvely Insensitive^ and is scarcely at all affected by the 
kretn and yellow vHilcb the eye haa Its maximum sensl 
tivltv 'These ordliary pHotogra^lc plates are practically 
Insensitive to red light and ^re, therefore teodled wltli safety 
In light from a ruby lamp It haa longn^ o ea known howevw, 
that photographic ^ates nohy be made seiiMtlvs to green, yel 
low and red light by the admixture of aoltabls dyes to the 
emulslona coated on the idataa^ and so-called oithochromatle 
and panchromatic plates have been on the market for years 
The color aenaltiri^ and speed of these oommerdal |dates an 
not sufficiently great, however, to ma lts them aasfol whan 
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only short eKpdmres c$n be iieedf at In pbotogrtiAy from 
aIrpUnee Fortunately, It has been found that, at expense 
of keeplDf Qualities, photographic pMes of spe^ and color 
^enaltlV0less far superior to any commercial plates can be 
obtained by labomtory metboda A method in use for many 
^ears In the photography of v^ectrn consists of bathing an 
>rdlnary blue and Tlolet aenaltlTe idate In a dilate solution 
of photo aenaitlalng dyes This method has been a continuous 
laboratory jmctloa at the Bureau of Standards since 191S 
for spectroscopic Investigations and since 1017 a large num 
l>er of e^;MrineDts have been made In the use of aooh plates 
111 aerial photography The staining bath used In the prepa 
ratlOD of these idates consists of a solutiOD of dyestuff In a 
mixture at water, alcohol and ammonia The cfffect of am 
monla on the photo-sensltlftlng dyes was carefully InvestlKated 
and It uas found that the speed and color aensltiveDess of com 
mercltl plates wbldi have dyes Inoorpomted In the emulslonB, 
oould be enormously Increased by bathing such plates in a 
dilute solntkm of ammonia 

This method of bypersensltUlng commercial pandiromatlc 
l)lBtes has also been used very sncoeaafully In aerial cdiotogra 
pby For the comparison of different types of photographic 
plates a four lens camera in whldi varloua color sensitive 
plates could be placed behind lenses containing ray Altera was 
used and the advantages of xdates highly sensitive to green 
\d11ow and red light have been strikingly shown For exam 


pie, In addition to the fact that a pandiromatlc plate repro- 
duces more faithfully wliat the e^e sees, it portrays objects, 
when exposed behind a ray Altm- or color screen, which, on 
account of base, smoke etc would be hidden from an ordl 
nary plate Furthennore it also gives different contrasts de- 
pradlng on the nature of the light transmitted to the plate 
through the Alter Ihe phenomenon of base punetrstlon by 
the longer waves is known to most outdoor photographer* 
The blue sky and rOd sunset arc proof that the blue or short 
light waves are scattered in the ntmosplicro and the red or 
longer waves are more readily transmitted A red sensitive 
photogiaphic plate used In a camera with a red Alter In the 
lens will therefon. reveal objects which owing to the oh 
Bcurlng presence of h*ire or smoke fall to make anv Itupn* 
sion whatsoever on an ordluaiy blue^naltlve plate To oh 
tain these longwave advantages of haze penetiatxon and ron 
trast the photographic plaites must have the greatest possible 
sensitiveness to yellow orange and r(*il ll|,ht If the lengths of 
exposure arc necessarily short either on account of rapldlv 
moving objects or If the cameia Us«lf is In rapid motion, as 
is the osM in aerial photography k brief circular dcs<rlhlng 
the practice of the Bureau of Standaids In (1) bathing ordl 
nary dry plates in solntionB of photo sensitising d>es and (2) 
treating commercially dyed plates with dilute ammonia has 
been pn^pared Instruclons are gl^*n lu the preparation of 
cedor sensltlM plintographle phiti's of maximum speed 


Progress of Science in America 

Notes Furnished by the National Academy of Science 


T ill autumn meeting of the National Academy of Sciences 
was held at Yale Lnheialty, New Haven Ck)nnertlcut 
November 10 and 11 There were about 50 mombers 
oi the AcadLin> In attendance An excLptlonally pleasant 
fiHlure of the meeting was the reception tendered by the 
1 i4>sldent of Yale University and Mrs Hadley at the Yale 
School of Flue Arts where the famous Irumbull portraits of 
Washington und Hamilton and a very remarkable collection 
of old Italian paintings are preserved 

ihe luncheons at the Xew Haven Lawn Club and an expedl 
Mon to the laboratories of the Connecticut Agricultural Ex 
periment btatlon were much enjoyed At the Experiment 
station papers were presented on the relation of particular 
vitamlnes to nutrition, and opportunity was given to see the 
(olony of several hundred white rats on which the experi 
tnents are being conducted 

At the dinner of the Academy on November 11 the Daniel 
i Iraud Rlllot Medal waa presented to Mr O William Beebe 
of the New York Zoologl<VLl Park for fals Monograph of the 
Pheasants ' The speech of presentation was made by Prof 
Osborn of the American Musrum New York, who laid before 
the Academy the beautifully printed and lllustiated mono- 
graph of Ur BeQbe In an after dinner speech ex President 
I aft expressed optimism wkh regard to the fuluto of Indus 
trial relatkma of the United States and told amusing reral 
nfsoences of associstlon with Roosevelt aii^tAers 
At the boBlneas meeting of the Agsdemy the Henry Dyaper 
Gold Medal was awarded to Alfred Fowler, F R S , Profesaor 
of Asty^ysica, Imperial OoUege^ ^utb Kensington I ondon 
for his reteardiea In spectroscopy, gating especially to the 
spectra at terrestrial cotnpounda and their occurrence In sun 
*pots, and to stars of 8ec<Al s Type III 
AnnounosilMat was vuds regarding the Mary Clark Thomp- 
son gift of flOOdO to egtaMlsh ,a fond to be wplied to a 
gold medal to be awarded unoally by the Acatfemy for the 
most Important ssrvtoes to geology and paleontolofy 


The public wfviona for the leading of papers were held In 
the Osliorn Zoological Laborator> Among papers of special 
IntiriMt was that of Prof B A Millikan of thi Unlvenltj of 
Chicago who showed photographs of the ixtrcmi ultraviolet 
spe<.triiin extmdlng as far os wave length J52 AngstrOm units 
The furthest extension hitherto waa made hv Tjraaii who 
reacluHl Iht wave knhrti 510 AngstrOm units In tlu spectrum 
of caiboD Prof Millikan found three lluf« width from varloun 
kind* of evidenco he believes to be the Hanu hm the three lines 
of the I spectrum hitherto asbociatcd with the famous work 
of Mooch on the \ ray spectra of rtie ilenic^its If Prof 
Millikans conclusion Is conArmed the long gap between the 
X rnv spectra of the elements and their vlalble spectra will 
again he bridged Certain lines of helium were found In the 
carbon ^>ectruiii which were so stiong and persistent that 
the impression was produced In Prof Millikan v mind that 
these were due to the breaking up of carbon in the Intense 
spark employed as the radiation source with the formation 
of helium This would be comparable to the well known 
disintegration of radium with sSmllur evolution of helium 
Dr Simon Ulexner gave a most InU renting description of 
the past history progreas of the present epidemic and symp- 
toms of the disease frequently spoken of as sleeping sickness, 
which has appeatsd within about a year In the United States 
for tlis Ant time Hie cause, tneibod of propagation and 
means of core of this disease are as yet unknown but Dr 
klefxner expressed great hope that the efforts of Investigators 
would enable these fundamental features to ba dlscoveted so 
that future epidemics might be diecked 
Papers by Prof E. B Wilson and Dr Leigh Page led to a 
discussion of the announcement recently made la England 
that the resnlbi of the British adlpse expeditions to Brasil 
and West Africa bad conAnneg the existence of a deflection of 
the light of the stars passing by the ran of the same magni 
tude as that predicted by HlnstelD'a geneftUsed theory of 
relativity The dlscnsslon developed the point of view es- 
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pecUUy ftmoag the operlmental phyalcMs pfee o nt, that it la 
not aecemry to aappoie that the deriatloa ot the light Qb 
served la teally a proof of the aoiindneaB of the tiieory of 
reiatlvlty Several other caaaea» aa difftaotion and refractloo« 
might be operative to produce the amall bending of the atar 
raya neen The toipreaslon prevailed that, ao far aa dhaer 
vatyma of any hind have yet gone, no one U cc^p^ed to 
adopt the dlfflcnlt and obacure theory of relativity In place 
of other ezpUnatlona of phenonengv nnleaa he haa the type of 
mind that prefera it 

Dr Davenport preacnted rcaulta of medlca) esamlnatlons of 
drafted men Statlatlcal Inveatlgatkma had been ooxnjdeted 
as to the geographical dlatrlbotlon of dbfecta of dUEerent 
klnda Very curloaa dJatrlbution ot certain kinds of aldcneoa 
malfomutlon and Injnrlea waa ahown by tnapa A dlacoa 
aion of the relative prevalence of these defects in drafted 
men from dty and country tUotrlcta Showed In general that 
the healthfnlneas of the two were almoat equal, although 
certain dlaeaaea appeand to be prevailingly country diaeaaea 
and others prevaillnA^ dty dlaeaaea 

Dr James B Murphy showed that acoon^Mnylng cancer 
grafts In Immune animals there oemra a general increase In 
the dnulating lymphootea and hyperplaala of the l^midiolil 
tlaaae When the Ipnphoid tinaue of Immune animals waa 
destroyed the immunity waa annoUad Two methods of In 
craaaing the lymphocytes have been found, naidely diffuse 
amall doom of X rays and dry heat Mice with lymphocytosis 
Induced by these methods have a high degree of realatance to 
tranopklanted cancer Mice with ^lOQtaiieoua cancers treated 
by these agenta show Increased reslataiice to rtplanta of their 
own tumors The reoulta afford grounds for hope of human 
application 

Dr Hldayo Nogudil deecrlbed hla work In coaneati<m wHh 
the sanitary ooimnlaslon to study yellow fever at QuayaquU, 


ARTIFIOIAL HONinr IN OEBMANY 
Abtivictal honey was consumed In Oermany In largo quand 
ties during the war Although the conversion of 
pane sugar Into Invert sugar Is a simple diemlcal 
procesB, the products of different firms were lacking 
In uniformity a conaMerable portion consisting o< a 
diin fluid For the production of a thick variety the water 
content and the inversion of the cane sugar are matters of 
great Importance Ihe water content must not exceed 22 
per cent and the In^erslou muvt he complete to within ^ 
per cent The inversion proceeds best when at least 01 pir 
cent of formic acid is present The strongly acid taste of 
the product is removed by neutralising will) sodium car 
bonato The enactment of a law similar to that concerning 
margarine Is recommended In order to prevent confoslota be- 
ta een natural and artificial honev In the trade On economic 
hmunds thick arttfidai honey la an indispeiMablL product 
In Qemian> — ^Froui BchioeU Chm, , 1910 


CONDITIONS THAT GOVERN STALbNESS IN BREAD 
Ilf a pamphlet beerlnb this title Capt B Whymper descrlbe^i 
investlgatloDs oairled out In the British Amy bakeries in 
France during 1917 18 Iht results are given under fotir head 
Ings I Determination and location of losses occurring 
In the manufacture of bread II Oondltlous that govern 
stalenesa In bread III Changes occurring in bread with 
age IV The colloid nature of starch pastes bread crumbs, 
etc It waa found that the cooling of bread takes place in three* 
stages namely, the steam period during which most of the 
drylng-out takes place In a given time the condensatlen pe- 
liod dining which the rate of drying Is only oneAfth that of 
the steam period, and the drying period In Which the rate of 
drying Is about one fourth tha<t of the steam period. Loss of 
moisture from the center of the loaf is inconridefaUe until 
after 100 hours under ordinary conditions an actual inotsae 
being often obserted before this time The aone of drying 


Eebtdor Dr Noguchi iMbMEi goccessful in producCng yhUov 
fever In guinea pigs and hurmoaetg, and showed by laatgcu 
didss many cfaaimctertetlc curses of tan^eratnre and othor 
lymptecns of yrilow fever in those snhnals By these means 
and by special methods of stoinliig he sppetrs to hsve dpnoa 
strated the mlcro-ostshlsm of yellow fever for the Aral ttasi 
as a splroriiaeta which has hitherto escaped detectfou be- 
cause of optical shnUsTlty to the medium invaded by it 
Dr Henry FoirfleUi Osborn prosonted lantora sUdse of ne> 
toratlods of certain of the sauiopod dlnasaurs, Thege were 
given In continuation of fats long invest Igatlong with bis col 
^leagnealD these lines He dwelt particularly on the neessstty 
of studying the muscles and motioDS of the anfanals with 
relation to the most rimllar Iving creatures A true Ides of 
their forms cannot be gained from skeleton remains atone 
He intimated that a Ihoroti^ unders|aodinf of thrir forms 
could only be bad by such discasaibn of the apimal in motloa 
as might even Involve the production of moving pictures in 
order to reach s satisfactory cohcluMon 
Dr 0 Q Abbot deecrlbed a new method of detenninlnc the 
intensity of the solar radlatkiQ outside the atmosphere by 
means of which the so called solar constant of radiation ' 
may be determined by ten mlnutoa of observoXlon and two 
hours of computation better thJin It could be obtained before 
by three bonfs of observation and fifteen boors of compota 
tion He also exhibited^ photographs of the total edlpte of 
May 29 10t9( tafcsn at La Pas, Bolivia 
Dr B W Brown exhibited the first copies to reach this 
country of his numerical tables of the moon s motion These 
are the concrete result of many yearn of work by blinsrif and 
his colleagues and may be expected to replace the tablee of 
Hansen whldi have been used by nautical almanacs tor the 
post sixty years 

■«f 

out la very narrow In a loaf up to about 100 hours bring about 
I In Inwards from the crust after 100 hours the moisture 
diffuses gradually from the center of the loaf but at so slow 
a rate that there Is always a pronounced difference between 
the roototare content of the crutnb at the center of the loaf 
and that of thf crmnib beneath the cniat The loss of water 
during cooling and drying out is not responsible for staleoess 
During the process of becoming state the soluble extract of 
the crumb decreases this decrease being followed after a time 
by an increase The quantity of soluble starch in bread 
crumb diminishes rapidly betwen the sixth and twenty fourth 
hours of the cooling period a similar Ml and rise of 
soluble extract is observed In starch pastes Stateness may 
be attributed to dqpovltlon of solid starch in the crumb caused 
by change of temperature during the cooling period and ac 
celerated by the presence of solid starch pardries already 
existing In the crumb Staleness Is ateo due to polynmlsa 
tlon of starch whlrii tends to crumble the griatinous nature of 
the bread crumb when fresh Other diunges occurring In 
the proteins of tread crumb may be responsible for state- 
ness but these have not yet ben investigated —From Jour 
of the Boo of Chem Ind 

SEA-GBASS FlBRhi AS A lAOKINO MATERIAL 
M Qiokss in the Bulletin 4e rindtUu$ OceanograpMque 
mantlons the utility of aea-grasses as a packing material in 
place of wood wool The fibers of sea gram are light elastic 
pon Inflammable odorless and non rotting advantages which 
ate of oonslderabte ImpSHance wOien perishable foodstuffs 
are being packed It Is stated that the riasdeity of this ma 
tertll Is three times o great as that of wood wool, which 
means that notwithstanding the fact that the cost of produc 
ion is somewhat higher the use of sea grata fibre 4oidd be 
twice as tooQomtcBl as the most eoonomioal paridbg hitherto 
employed TUs material is Slightly lighter than wdbdweri — 
Abstract ftom £a yature, Oct U, 1019, by the Te&huieul Re- 
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A BOCDSBT THAT WILL CABBY TO THB MOON 

Thb dallf jwlMn, a few We^ aso apprlaed tbe public of 
tlM fact that Ite Bobert H Godilard of Clark Unlveralty, had 
dmiopea a new forn of rocket ao far anperlor to anything 
now la ealtwice that not only wonM It carry to th« nppermoM 
llmlta 4^ tbe eanh'a atmoephera^ bat It would actually eacape 
from the earth a attraction Of 0001 * 0 ^ the newapapera aelied 
upon and fbaitared the atatement that the rocket conld be 
fired ta the' moon 

Had not the annooncement of X>r Ooddard a work taued 
from BO fttlable a aonroe aa the Smlthaonlan Inatltntkm It 
wonM not bate attracted aerloua attention Am It woa It 
aerlotuly atralned the credolMy of tbe public. Many aober 
mtaided Indlrldnala aneatiooed tbe value of euch an attack 
upon our fUtiiful wttillte, and It loAed to them like aa 
effMt to create a aenoatloa Some dabned to have tbund a 
faXacy In Dr Ooddaid'a plana, ntat a rochet could be ao 
Improved and refined aa to cany to tbo uppennoet raachea 
ot the eaitb'e atmoephere aria readily conceded, but to them 
It waa laooacelTablo that the powder chargee could keep on 
propdllng the rocket where tiiwa waa no air for the gaa to 
act agahiat Clearly they had a wrong concep t ion of the 
principle upon which the propnlalon of a rocket le baaed 
Bad they read Dr Goddards cooptota paper they would have 
leamad that bla eoqwrlBnoita ware conducted la oaotio aa 
well aa In air and that tha Tdodttaa obtained ta vacuo ware 
not mndi different from tiwee obtained In air They would 
also have teamed that Dr Goddard did not begin bla r e a e a rch 
with any Jnlea Tame Idea of a lunar eqiedHloa, but aolMy 
f<Nr tbe pupoae of Inreetigatlng atmoVherlc eondlttone at 
extreoa altltudeSi Tha fbUowtag aaotattca from Profeeaor 
Goddards paper on the anbjaot ebew the Importance of auch 
an Invaatigntion 

* The gra ain a t altkada at which aoandingi ot tbe etmoVhere 
have bean made by btUoone, nainely, abbot 20 mlla^ le but a 
small fracttoB ot tha halgbt to which the almoipbere la aap* 
poead to aortand In taot, tha noit interatolng^ and In some 
ways the nwat Impoatant, part ot tha atmombere Ilea in this 
tmaaplored region a means of eaGtortag which hes, up to 
the inient, not eerionaly been atug e a to d. 

"A M oC tha more Inportut mnt t e r a to bo Inveatlfftod in 
tbii nglOB gra the toBcnrinf the damlty, chandal oona ti to 
ttpO| t6ll|pQEMOVi OC tiM as well ae the 

hti^ to ’"Moh 4t eateada Other ptobleBae are the oatore ef 
Gm aoNfa, and (wMi epp ar a to a beld by gyroatopee la ,a 
fixed dfapci^ ig ^to) tha n atoto of th* a, A tod y ri<i» 
aoBva nya flan iwutar hi tha no da well m 4hf nltm vtolaf 

ti II Jkm ^ 

"^twtohMieao hgTO bafh Mda aa to Iba ng^ ti the 


planMble By eatimatlng the temperature and percentage 
compoMtUm of the gaeee preeent In the aitmoepbera^ Wegener 
calcidatea the partial preaeurea of the (xmatituent gaJRB^ and 
coododea that theca are four rather distinct regtona hr 
spheres of the atmoephere In which certain gases predonrinaite 
the tnmoaphere In which are the cionds, the atratoapbere^ 
predominatingly nitrogen the hydrogen ^lhere, and the 
geocMonlam qjgiere This higheat aphere appears to oonalat 
essentially of an dement, "geocoronlnm ’ a gas undlaoovered 
at the eortace ot the earth, having a apectrom which la the 
single aurora Unoi OSTm* and being 04 aa heavy aa hydrogen 
The existence ot anto a gaa la In agreement with Nlcbolaan'a 
theoty of the atom, and Its Inveatlgatlon would of concaet 
bo a matter of oonaMeiable Importance to astronomy and iriiya> 
lea aa well aa to meteorology It Is ot Interest to note that toe 
greaiteat altitude attained by sounding balloona extends bat 
one-third through tbe second region or atratosidiiece 
The searth for some means of raialng recording apparatus 
above an alOtnde of 20 mllea led Profeemx Goddard to dw 
vdop a theory of rocket action Tbe problem wae to deter 
mine tbe mlnlmnm Initial maaa of an Meal rocket neeeamxy, 
in order that on oontlnnal kwa of mass, a final maaa of ono 
pound would remain at any desired attitude The pcnblen 
waa solved by aa approximate method In order to avoid an 
unsolved proliem in the Calcubutloa of Tarlatlona It waa 
found that aurprlalngly amall Initial maisea would be uscasr 
sary provided the g u aea were elected fnMn toe racket at high 
velocity, and alec jsovided that most of the rocket OOU 
stated of propdlant material, beoauao too v^odty aoton 
exponentially In toe ezpreaalon of toe Initial maaa !nraB 
If toe vehwity of the elected gases be Increased five fold, Ihs 
Initial mass Bspaaasiy to reato a given height will ba 
rariaced to l/ka 8th root ot that reaulred for the leaser va 
loclty 

Bxparlmaata showed that la an ordinary rocket, tha pew 
der ocaatitataa fifiy one fonrto or cna-flfth of tho total naaa 
and that the awsfago velocity of ejection la about MMX) fast 
per aeooud This la true even ot the Ooston ship totimfe w hh h 
was tonad to have a range of a quarter ot a nfila Tbo afih 
Clancy of toe rodeet, that la too ratio of ih* klaatle ouargy 
ot toe expdled g n a w to the heat energy required, was only 
two par cent 

la order to Increnae the vdodty of deetton of the gaaoh 
efaargea cf auiokeleas powder were fired la atroag steel ebatti 
beta fitted with tapered noaslea designed to obtain tbe work 
of emmoalow of the gnaw, as in tbo De Laval steam tarbfaM. 
Tbe sBefeadM and vetoddua dttalnad la this way won va> 
f— high, toe highest efitotanev bdng ever 04 per cent, 
and the avaraga vSlecIty of a|adlou digtitly uadar AOOO 
ft/aaca, which axoeada say vdodty Ulhwrto attalnad by 
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suittw 111 any appradable amouata Ttm» valodtlaa wan 
juoved to ba real vetodtlea, aii4 no< mer^ affbeta dna to r»> 
action ajtalnat the air, by firing tba aaina steal <^ainbaTa 
M vaouo, and obaerrlng tba reooU ne vtfodtiaa obtalnad in 
this way wwe not ancb dlftennt firorn thoaa obtalnad In air 
It wan erldent ttMt a taaary start dianfiMr, asoh as waa need 
In tha anpa ri menta, coold not ooiqpato wltii tha ordinary 
tockat, aran wltb the high rrtodtlea which wata Obtained. 

In order to radoca the weight of the rorttat, Dr Goddasd 
detarmlned to nee small chargea of axjloalTas fired ancceaatra* 
ly, as In a machine gun so that the firing cbunber Wtndd 
not hare to be made of my heavy start In this way, uest 
of the mass of the rocket could craslst of proprtlant matailnl, 

Saversl iMtents bsva been obtained by Dr Goddard on hia 
mket, two of which are iUnatrated berewHh Figure 1 
shows the original design in which tha proprtlant material la 
oontalned in mena instead of in aeparaita cartridge! Taro 
rockets are tnovlded, one fitting tn tiie other eo that after the 
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first has discharged Ita proprtlant notarial, tha second will 
shoot ont of It and proceed under Ita own cbsyge of proprtlaot 
material In the figure the main rocket oonalats of a easing 
A provided with a tapered nosile B The proprtlairt material 
la shown at 0 and n fused D extends into the nossle B, where- 
by It may ba ignited At the upper end of the caalog A there 
la an axtenstoii in which t« fitted the eaoond rocket oonaleting 
of caainf A', noarle B* and proprtlant material C The aaoond 
nx^et la provided with a bead B which la shown la detail In 
Figure 2 WMhln this head la a dumber F mounted on pivots 
to turn frerty, and Inside this chamber there la a gyroacope 0 
Wfalrfi may be actnated by an outride sousee of rteotridty 
to aet It in motion at high velocity Below the gy roacope, there 
if a recording Instmmqit IT, which In thla case la shown 
as a canera Tba head B la provided with apertnraa ttuougb 
wUdb the camera or other recording apparatua may have 
accasa to the outside 

In order to keep the rocket on Its ooune It must be ro- 
tated at high apaad, but the camera dumber la kept from 
rotation by tba gy r oscope G The rocket la rotated by powder 
charges la radially qilral chambers as shown moro deariy 
la the aectional view, Figure 8 The rocket la set hi a 
standard fitted with ballbeaxlnge to permK it to revolve 
fterty Then the chargea la the cbambers J are rtwolta 
neooaly ignited caulag the rodcet to qpla After eufii 
dent vrtodty hue been rttbafaud the fuge D ie lighted and the 
rocket ascends When the propellant Boaterlal 0 haa all bean 
the fuse D* Ignltaa tha pcopellaat material <7* in 


the aaoMid rochet The aaoond rocket ttsm tifcoiwn ont of ttifi 
first nxkat fiRuh ibe psopsUanfi MdiHlsl 0* |k «A afin* 
ampad, fire tmvelB tiMoiifi h a tue lb a aisMe el fiilMl mdlfil 
chauben J*, whfcA are flDad with psopsUant mglsslglt aail 
theaa give flirther spin to tte rolfeM. Pgradkoto devtosg an 
pcovWM to bring tiu putt down to the gronirt to aalMr 
The eohetcnotton rtMwa In flgen 4 Ie n Inker ^totooposMfi 
of Dr Ooddatd’a rodkat Tim mnia caatafi eC Mm tockat to 
Indicated at A and the aeaSle B taeda firom the filing dumber 
O Attncbefi to tida chamber 0 at one akde le « chnto D and 
a pair of gnldea B whldi aUde In g roovaa hi a breech Uodi F 
The eenatmctton aC ^ firing dumbar la ahoam In Tig 5 
A spring O holds the torlng dumber agalnet the brsech Uock 
Juet above the ehufa JD there la a magaaino S filled wlto 
cartrldgm I Ona of theaa cartrldgaa Is ahown in tha lliliif 
chamber in our inastration Whan tide lb fired, the 
O la forced downward by reacthm agalnC the bceeCh blodt 
and a pin £ on the rtrate D coining In contact wllli n cam Jf 
<» the easing A trte as aaa new oarcridge / and Ma It dlAe Into 
the firing chamber At the same thne^ meOhanlam la act In 
motion to elect tho cartridge ahrtl The eutridgee are sec 
ceartvely fired by means of battery K and fpuk eeU J In a 
later modlflcatton the cartrldgea are oompoeed aluoet on 
tirrty of a proprtlant material oooalstlng of an onter abdl vt 
comp rea a o d amokrteae powdw coveted with a coating of ahallac 
Dr Ooddanl'B axperlmenta abowed ttut It would ba poaal 
ble to ralae a mass of ona pound to attltodea of 86 T2 and 268 
mllea by amploylac Initial m u e ae a of from 86 to 126^ from 
'll to 248. and from 87 to 886 poenda, caapeetlvaly If a 
device of the Ooatoo gbip rocket type ware used instead, the 
Initial mnsaae would bo of the order of magnitude of thoae 
above raised to the 27tik power Dr Qoddetd calla ettentliia 
to one pnrtktilar case In which if ship rocketo ware grouped 
together In snfficlont mam to ralae one pound to an nHItode 
of 282 miles this mass, even nesiectlng air reaiatance en 
tirrty, woidd have to be over sis Add gnatm titan tita snrirs 
man of tho earth 

As we have atated above^ in order to recover ttie appe 
nstua without danuge, a snuH parachuto should be eufilclent 
to Inauce a eafh landing and Dr Goddard has obtained a 
patent upon suitable penetrate derlcee tor this poipose Thaae 
pamrtratM wouM not retard the vrteety of tiie rocket through 
the tenuous upper starts of tl|e atmotoherok hut an dmttor 
atmoqirhere waa enoountto^ on the way down tho v rt o d ty 
of the tolling body would hi HusMslii^ retarded until It 
lauded 

Dr Goddard In bta speeulattons upon the poarthlllty of 
ptoprtling the rocket to such a dlatonee aa to escape the 
earth's attrectloa, found that the roAeC oonM start at sea 
level with a total initial maaa of 608 pounds or Bum aa altt 
tnda of 16/108 feet with a maae of 488 pounds, provided the 
affeetlva vrtodty waa TOGO ft/aee and (ha aoertetotioa 100 
ft/hac* In order to prove tlmt each an ex tr eme altihide 
bad bean reached, he sn g gae ta aiming (he rocket to atrlhe 
the daik snrtoce of the moon and providing It with a small 
maaa of flekh powder wUch would be ipritsd upon impact 
He found that a maae of 267 pounds ot Victor fiakh powder 
would bo Joat vUCble through a telaaoope ot one toot spar 
tore if axplodad on the anitooe ot the moon, 260,000 mllao 
distant, and that a maae of 1868 poundb or lees wodM be 
striklnily vlalble However as Dr Goddard nays, "tble plan 
of eendtiig a mass of flash powdsr to the suxtoea ef the mecn, 
although a aiatter ^ much taterast la not of otmtona aelan 
tlfle importance " Ortcaltitions straw that the total lititlal 
regulTed to send one pound to the euifsee ot the mean 
to but eugbtiy lean than that Tsoulred to land It to infinity 
Dr Goddard*! axparimenta to detarmlaa the rtttelency of 
(ha ordinary rortcat and the cOMmiey ot varloos powders are 
meet inAtssting An rtMttactot ttat lart of Us paper which 
deals with his akpertmental wurit is puWishkd In tha fioOmr 
ing pagesk UaOisaHttleal dsmonatinilflai and meny latogeat 
tog taUae have been omitted aWtog to Bwflattoiss ef spaea 



A Method of Reaching Extreme Altitudes 

ExpenmentB with RodEcts and Powders 


r n foUmrlBs npartmeoti w«te per&noed 7lnt» 
wits tb* objwt of Sadliig Just b<nr ioaSdont u ordl 
aaqr rochat and Mooudlr. to detennino to wbat oxtent 
tbe oflidepcy could bo Incnued In a rocket of now a«>«ig w 
The teem bem meana tbo redo of the Mnedc 

toBtgj of tbo expeUed caaoa to the heat energy of the 
powder, the kliiedc energy being cBlcnlated from the eTerage 
Totodty of ajectloa, whkh wma obtained ^directly by obeer 
rattona on the reeoil of the ro^et 


amuiaaoT or onwAaT aocnar 

The aoenict yetootty of aleotlon of the gaaea expriled from 
two elsea of ordinary rocket were determined by a balllatic 
pendalnln. The einaller rocketa averaged 120 grama, with a 
powder ebarge of 2S grama, and the larger the well known 
Ooaton ahlp rocket, Weighed 040 grama, with a powder charge 
<a 180 grama. 

The balllatic pendnlnm, ng 1 waa a maaalve oomponnd 



peodnlom, weighing 70 64 Kg (US Iba ) with a half period 
of 4 4 aeoonda, large compared with the duration ^ dlacharge 
of (he nckata The eflWeiteiai were obtained from the av 
erage vdodty of ejection of the gaaea, found by the naoal 
balliatJe ptitdaliun method, together with the heat value of tiM 
powder of tbo rocketa, obtained by a bomb oakaimetor tor 
the wtUer by a Wotcarter chemist 

It waa found that tin edkleney the endUttry rodret la 
olaae to 2 par cent . nightly las for the smaller, and tiinktly 
mme for the larger, roAets and alao that the average ve- 
locity of (be ejected gasse la of the order of 1,000 ft /sec It 
waa found by opertmant timt a Ooaton tiilp rocket lightened 
to SlO grama by the removal of the red Sre, had a zanga of a 
quartsr of a atilt the high tat point of the trajectory being 
slightly under 480 feet ▲ range aa large as tbts la rather 
Ninagkabla in view of the euiprlalimly small eflleleocy of 
tUatoefeat 


Mif immtia xg aia wm ncaix wiul cwtuansi 

ha apparatna Waa not coaa tf oe ta d, with a vleW to la 
creaginc tfao eOdsbey snbodyhig three radical ehangaa, nama- 
ly, tiie uae of aaxtiMlwa. powdm, ct nwch hlwbr heat value 

*ike «i u et |g fsam a migsr W Pr^Sohai a Oedaanit 'gn t i gt wim 
mtumgmrn ce n w u M . vwvas n. Me g 


than the Uadc powder employed In ordinary rutiwls, uaa 
of a etroog ateel chamber, to permit enpioymait of 
^eesoree and the uae of a tapered noasleb almllar to a ataam 
tmbine noaaleb to make available tbe wwk of eagm a ti o a. 

Two sties ot chamber were used, one % Inch dlnmetir, 
and one 1 Inch diameter The Inside and oatatde dtamatasn 
of the smallor dumber Fig S (a) wen xoepectlvaly, 1.28 
cm and 868 cm The noaSle, pouidiod until very emooth, was 
of 8 degree# taper, and was adapted to permit the use of two 
extenelona of dlflesent lengths The length of the diambar, 
as the dlatanoe I in the Sgure will be called, could bo altsrud 
by putting In or removing cylindrical tempemd steel plage of 
vartoiu lengtba, bvM In place by the breedi Modi 

Two small chambers were need, practically IdenUoal In nU 
reepects, one of aott tool atedi, and one of beat sdactad 
nickel eteel gun barrel stock, treated to give lOIMWO Ibai tenalle 
strength The dmrge of powder, P, wai Sred eleotiloally, by 
a hot wire w 

Two danse smokeloM p owders wen need Du Pent ple- 
tol powder No 8, a very rapid dense nttrocdl n loee powder, 
and lutaUlMe Shotgun powder, of ttio Bsrcaleo Powder 
Company The heat valoes In all caaea were found tay bomb 
calorimeter* All detormlnatUms were made In an atmospben 
of carbon dioxide^ In order to avoid any heat doe to tim 
oxygen of tbe air The avwage beat values were 0M fol 
towing 


Powder in mdinaty rocket 
Powder, In Oostou lAlp rocket 
Dn Pont Pistol No 8 
InfBUlble’ 


6460 caloitea/Igm 
B2S8 
eT2A 
12886 


Tbe ballietie pendulum used In determining tbu average 
velocity of ejectloo, for the small chamtwiu, oontistad earn 
toally of a plank, B, Fig 8, carrying wdghta^ and anp- 
portlng the timmber or gnn C, in a borliontal potitton 
This plank was supported by Una steel wires In auch a manaef 
that it temaliied hortsontal during motion In order to m a k e 
certain that the plank actually waa berisontal In aU pool 
tiona a teat was frecuently made by mounting a small vertloal 
minor on tiie plank with its plane perpeodlcular to tbe axla 
of tbe gen and observing the knags of a borliontal dhjtoh— 
ea a lead pencil— 'htid eeveral feet away while the psnMina 
was swinging Current for Sting the charge was lead tiuough 
two dropa of mercury to wires on the pinnk A record of tbo 



dtqdacemente was made by a atylua constating of a a toti rod, 
8 pointed and hardenad at the lowmr end This sod aBd frutiy 
in a TortloBl brass sleeve^ attadMd to the under alda of Um 
plank and made a mark upon a amoksd tiaas strip, O In 
tUs way the drat backwaiid and forward dltolacsmanti of 
the pen^um wero reeorda^ and the allmlnatten of Motion 
was thereby made poaalbla. 

qt was feauS Mowmiy to ueoa —t** cmeedlag a ewtila SMSSb 
aa etonwise the hast valae digmdea ugea the aiaea «f the mamto 
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Tbe highest v^ocky wai obtained wltb Infallible powder, 
and waa orer 7 000 ft /aec The oorrejapondlng effideiM^ waa 
Uoee to 60 per cent In yiew of tbe fact tfuit tbU 'v^todty 
la aerenfold greeter than for an ordinary roCkot, It la eaally 
aeen that tbe etnploynifnt of a cbamber and nosalt andh aa 
baa Jaat been described muat make an enormoai redaction 
In Initial mass aa cinnpaTed with that necenary for an 
ordinary rocket 

Aa a matter of poealble Intereat, ibotograpba were taken at 
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night of the flash which accompanied the exidoalona pro 
dnced by firing the small ehtmhor Two of these are given in 
Flga. 4 and 6 Fig 6 shows the set op for theee experiments 
the camera being In the seme position as whra the flashes 
wore photographed The white marks above the flaah are 
stripe of cardboard, nailed to a long stick at Intervala of 10 
cm and ccmatltntliig a comparison scab one end of which 
was directly above the mnule of tbe gun This scale was 
lllnmlnated before tbe charge waa fired by a small ^ectrli 
flarti lamp held In front of each strip for a moment which 
lamp also illuminated a card bearing the number of the ex 
peitmeat 

rhe photogiacfiiB bring out a ourione fact i e, that the 
* flash appears In most instances to be at a considmble 
distance In front of the nonle This is easlb nnderstood If 
we admit that the velocity of the ejected gases la very high 
Just as the gases pass oat of the norxle but becomes very 
quickly reduced nearly to xero by the air In other words we 
may consider that the gases pass from the noxsle In an ex 
treinely short time— for too short to alPect the photographic 
plats and that It Is only when the velocity has been con 
ilderably reduced that l&e 'flash la photographed 
In Fig 6, a suggestloii of this high velocity portion 
of the flash Is seen, which, It will be noticed is less in diame- 
ter than tbe end of the nosile It should be remarked that 
it was only by accident that the notile was Illuminated by 
the flashes fn this experiment in such a way as to be seen 
In tbe phofligraph 

EXPCBIMENTS WITH lABOX CHSMBEB 

Inasmuch as all tbe steel chambers employed in the pro* 
ceding experiments were of the same Internal dUmeter 
(120 cm ), It was considered desirable that at least a few 
experiments should be performed with a larger chamber, first, 
In order to be certain that a large chamber Is operative and 
seflindly to see If so^ a efttatnber is not even more slBcient 
than a small chamber This latter is to be expected for the 
reason that heat and frictional kmses ohonld inersass actfas 


sgsore of the linear dlmenstons of ^e chamber, and hence In- 
crease In a len proportion than ihs mass of powder IlMt can 
be need with safety, which will vary as the cube of the linear 
dimeniioDs 

The large chamber was of nldul alloy steel 116,000 lbs 
tensile strength This cbamber had InsMe dlamOfeer, and diam 
cter of throat, both twice os Urge as Itioso of the ebambars 
prevtoialy used , bot the thtdeness of wall of the dumber 
and the taper of the noule were however die same The 
Inalde of the nonle was wdl poUdied Fig 7 shows a section 
of the dmmber the enter boundary being Indicated by dotted 
lines P being the powder and W the wadding It will be 
noticed that the wadding U jnst twice the eiie of that pre- 
viously used 

The mounting of the duunber, for the experiments, Is shown 
In Fig 0 The chamber was held In the lower end of a 8% foot 
length of 2 Inch pipe, P by set screws Within this plpsi, 
above the chamber was fastened a length of 2 Inch sted shaft 
ing to Increase the mass of the movable system T^ie system 
wss snimorted by a half Inch steel pin S 

On firing tbe recoil lifted the above system vertically up- 
ward against gravity, the extent of this lift, or dl^lacement, 
being recorded by a thin lead iiendl slidable In a brass sleeve 
set In the pipe at right anglea to the idn J9 The point of the 
peudl was pressed against a vertical cardboard, < 7 , by the 
action of a small spring This method of measuring the 
Impulse of the expelled gases will be called the direct lift ' 
method 

Although rebound of tbe gases from the ground wonld 
probably have been negligible, snch rebound was eliminated 
by a short plank D covered with a piece of heavy sheet Iron 
and supported at an angle of 46* with the horlsontnl This 
served to deflect the gases to one side 

In Experiment 51 with this large chamber the X>u Pont 
powder used was packed rather loosely Any increase In 
Internal diameter was inappreciable cmrtainly under 0 01 nun 
In Exp^lment 52 the Infallible powder used was somewhat 
Gompresaed After firing, the chamber was found to be 
Bfilghtly bulged for a ihort distance around the middle of the 
powder diamber the inside diameter being increased from 
26 cm to 27 cm, and the outside diameter from 506 cm to 
514 cm The <41iLlency (0458 ^per cent) In Experiment 61 
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fuld the velocity (7,687 ft /sec) In Experiment 62 wsre^ 
respectively, the tiigh^ obtained in any of the azpoliDeirts 
The eoD^ngloDs to be drawn from ttieee two expsrimmits 
are Ftrst, that large chambers can be opevated, under pr o per 
cocMlltlons, wkbout Invcdvlng uodoe prossursa, and feoeadly, 
that large diamberi^ erai with oompamtlvely shost nogdas, 
are more sificleot and give Uglier vdodtlsi than imall 
dwmben 

It la obvkHM that large grains of powder sboold fc| used 
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In large cbuabora If ilengenras pfeMorsi are to be avoided 
The bolgl&g ie iBIipeilBient 02 ia to be erplalned by the fact 
that the grains of powder wen too small for a dgunber of 
the slBe under constderaitlon It is posslblei howem. that 
pressoras even as gnat as that dev^oped In Shcperlment 62 
could be eoqdoyed In practice provided the chamber wen of 
buUtop oonstnictlon A similar resnlt might possibly be 
had If SSToral shots hsd been fired of soccesrively Increasing 
amounts of powder The result of this would have been a 
hardening of the wall of the chamber by stretching Such 
a phenomenon was observed with the soft ated chamber 
already described, which was distended by the first few riiota 
of Infallible powdev* but thenofifcer remained unchanged 
with loads as great aa tbow lint used* 

EXPEMllCKVTa IK VACUO 

Having obtained average velocities of e]ectl<Mi up to nearly 
8000 ft /sec In air, it remained to determine to what extent 
these represented reaction against the air In the nossle, or 
Immediately beyond Although it might be supposed that 
the reaction due to the air la small from the fact that the air 
In the oossle and Immediately beyond Is of small mass, it is 
by no means self evident that the reaction is xero For ex 
ample, when dyuanfitc lying on an Iron plate la expliKled 
the particles which oonstituted the dynamite are moved \ery 
rapidly upward, and the reaction to this motion bends the 
iron plate downward but reaction of tlie said particles 
against the air as they move upward may also play an Im 
portant rOle In bending the Iron The expirlmenta now to be 
described were undertaken with the view of flodlng to what 
extent, If any, the **vrioclty in air uas a fictitious velocity 
The experiments were performed with the smaller soft tool 
steel and nickel steel diambers that have already been de 
scribed 

MKTUOO or aUPPOBTINQ TUB C UAUBKS IK VACUO 

For the sake of convenience the chamber or gun should 
evidently be mounted In a vertical position so that the ex 
polled gases sre shot downward and the chamber Is moved 
upward by the rmction, eltber being lifted bodily or sus 
pended by a spring and set In vlbrarion 

The whole suspended system was therefore designed to be 
contained in a 8 inch steel pipe all the essential parts being 
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fastened to a cap, fitting on top of this pipe This was done 
nog only for the sake of convenience In handling the heavy 
chamber, but also from ttie fact that the only Joint tbet would 
hare to be made airtight for earii ahot would be at the 
8 Inch cap 

The means of supporting the chamber from the cap is shown 

*BIbc« this msmscslpt was vrlttM roohtta with s sistls ehatss 

conitmctsd aloas the gnwrii itoss hera txaMnid have bssn cos 
sldsraMy fvtkar dsrslcpsd 


la Figs 8 and ;10 Two 8/84nch steel rods, B It, wars 
threaded tightly by taper (pipe) threads Into the csp C 
l%eee rods were Joined by a yoke;, at tbrir lower ends whidi 
served to keep them always panlleL Two collars, at hcfidera, 
H and H , free to slide along the rods R, A, held the chamber 
or gun, by three screws In eaih holder The Inner ends of the 
■crews of the lower bolder were made conical and these 
fitted Into conical depressions o, Fig Z drilled in the side 
of the gun so that the lower holder could thus be rigidly 
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attached to the tun This wns made necessary In order 
that lead fitting the gun and resting upon the 

lower holder S , could be used to Increase the mass of the sus 
tended system Three such sleeves were used the two largest 
being molded around thin steri tubes which closely fitted the 
i,un The rods R R were lubricated with vaseline Two 
Inch steel plus were driven tlirough the rods R A, Just 
above the yoke I in order that the latter could not be driven 
oil by the fall of the heavy chamber and weights wh<n direot 
lift was employed 

In the experiments In which the chamber and lead sleeves 
were suspended by a spring the latter was booked to Its 
upper end to a sen w rye fixed In the cap C The lower end 
of the spring was booked through a small cyHnder of fiber 
A record of the dlsplaceou nts of the suspoided system was 
made by a stylus S In the upper bolder A This stylus was 
kept pressed against a long narrow strip of smoked tflam G 
by a spring of fine steel wire 'Ihis strip of smoked glass 
was held between two clamps, fasti ned to a rod the upper end 
of which was secured to the cap C and the lower end to the 
yoke 1 Uxcept for the largest cliarges used It was posslUe 
to mcNisure the dlq>laconHnts on both sides of the seto post 
tlon, ami thereby to calculate the decrement and eliminate 
friction 

When the chamber was suspended by a spring a deflection 
ss large as a ceothneter was unavoidably produced merely by 
placing the cap G on the 8 Inrii pipe or removing It although 
in all cases the system would return to within one millimeter 
(usually mudi less than this) of the sero position after beln^ 
displaced In order to avoid any such displacement as that 
Just mentioned an eccentric damp K Fig 10 was employed 
to keep the suspended system rigidly In its sero position during 
assembling and dismounting the aii^intns 

This clamp consisted of an eccentric rod JT free to tarn In 
a hole In the cap O the lower end being held In a baailng Ju 
the yoke F Through the upper end of this rod was pinned a 
small rod K\ at right angles to K Ihe surface of the rod X 
was smeared with a mixture of bee s wax, resin and Venice 
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turpentine f nod the hole In the cep through whkdi K pro- 
jected wu rendered air tight bjr wax of the Mine oompo 
■Ition 

Ihe auapended eystem wee eaeembled while the cap G wie 
held by a support touiblng Ite under side When tbe as 
sembUng was complete, the wax was heated by a sooll alcohol 
blow torch until It was soft then a rubber bond was dipped 
around the rod iC' and the outlet pipe E A trial showed 
that the cap could now be put In tdace on the pipe and re- 

8 
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moved, without moving the suspended system appicciabb 
After the cap C was In position on the pipe the rubber hand 
was removed and the wax heated unUl the rod Jt could Ih? 
turned out of engagement with the h<Mcrs H H* After a 
shot had been fired, the clamp was again placet! In operation 
until the system had been taken from the 8 inch pipe aud the 
smoked glass removed 

The circuit which carried the electric current to ignite 
the charge consisted of the Insulated wire W which insscd 
through a tapered plug of shellacked hard fiber, In tho cap C 
thence through a gloss tube to the yoke Y to which it was 
fastened Below the yoke it was wrai^;>ed with Insuliiting 
tape, except at the lowtr end wheie It was shaped to hold tb< 
024 mm steel wire attached to the fine copper wire friNii 
the wadding From the chamber the current passed up the 
rods B R and out of the cap around which was wrapiM.d u 
heavy bare copper wire, V which together with W, constl 
tuted the terminals of the drcult It sliould be mentioned 
In passing, that a small amount of black powder, It Fig 2 
placed over the platinum fuse-wire on the wadding was 
found necessary os a primer In order to Ignite dense smoke 
lesB powders in vacuo 

In order to make the Joint between the cap and the pipe 


during a detennlpadoa the foUowltig devloe was 
adopted The outiUle of the caxs C, and also a lock not. wm 
both turned down to the same dhunetar lock nut ^Me 

made fast to the pipe Hieae ware then painted on tibe outside 
with melted wax cooslsclng of eq:iml paiia bees wax axhd 
resin with a little Ymlce tuipentlne 
Wh^ a detamlnatUm was to be made, the cap was screwed 
Into posttloOf a wide robber band was slipped over the 
Junction between cap and lock nut, and the outside of tills 
rubber band was heated with an alcohol bloat torch The 
result was a Joint, for all practical purposes, absolutely sir 
tight, which could nevertheless, be dismounted st once after 
pulling off the rubber band 

THIORY or THX EXPEUVCtTrS IB VACUO 
The expres^ilofi for the velocity of the exp^ed gases are 
easily obtained for the two types of motlcm of the tot 
ptDded system that were employed namely simple harmonic 
motion produced by a ^rlng, and direct lift Results ob- 
tained with simple harmonic motion (slightly damped, of 
course) were naturally more accurate than with direct lift, 
as it was Impossible in the latter case to eliminate friction 
but the former could not be used when the powdir charges 
a ere largo 

or ruukBATiNa oasbous sebouitd 
It should be remembered that the real object of the vacuum 
experiments is to ascertain what the reactloQ experienced by 
the chamber would he If a gi\ea charge of powder were fired 
In the chamber many miles above the earth s surface A con 
talner Is theroforo ue<osBary which for the purpose at hand, 
npproadies nM»st nearly a container of unlimited capacity 
A length of 3 Inch pipe closed at the ends is evidently un 
suitable becauHo the gii\ fired from one end is sore to 
nbomid from the other end with considerable velocity, and 
hence to produce a much larger displacement than ought really 
to bo observed Moreover any tank of flnlnte sl/e most neces 
Httnly product a finite amount of rebound, from the fact 
that the whole action iq equivalent to liberating suddenly in 
the tank one or two liters of gas at atmospheric pressure 
There are two poMible methods for reducing the velocity of 
tho gas suJficlenUy to produce a negligible rebound a dUin- 
Ugration method wheieby the stream Is broken up Into many 
Bmall streams sent In all directions ({ e virtually rsoon 
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verted Into iMt) , and tecoodly, a friatPH method wherry 
the IndMdul etrean remalni rnorinf in eoo dliwtioii, tmt la 
fftadually dewed down by frtetloD against a aoUd snrfaoe 
As will be tiMwn below, aoeorate resnlta were obtained by 
the first metbod. In what may be called the cylindrical 
tank, and these Teenlis were chedeed satisfactorily by the 
seoond method. In what will be called the circular tank 
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The cylindrical tank was 10 feet 5 Inches high and weighed 
about 600 lbs It consisted of a 6-foot length I fig 11, of 12 
inch steel pliie, with threaded caps on the ends Entering the 
uoper cap at a slight angle was the S inch pipe P 4^ feet 
long which supported the cap C of Fig 8 The 12 inch pipe 
was sawn across at the dotted line 7«, so that any device 
Lould be placed in the interior of this tank, or removed from 
It as desired The upper section of the tank was lifted off as 
occasion demanded by a block and tackle The two ends to 
be joined were first painted with the wax prevlonsly de- 
scribed, and after the tank had been assembled, the Joint 
wa^ painted on the ontslde with the same wax H and the 
entire tank thereafter painted with asifiialt varnish 

This tank was used under three conditions 

1st Tank empty with the elbow S to direct the gas into 
a swirl such that the gas, while In motion would not tend 
to return up the pipe P In this case some rebound was to 
be expected from this elbow This expectation was realised 
In practice 

2d Tank empty, and below cot off alcmg the dotted line A 
In this case, more rebound was to be expected than in Oase 
1 which wu boms out In imctlce 

8d Elbow S cut at Bm and tank half filled witii Vfclnch 
«luare-meSh wire fendng Two separate devices ocmitmeted 
of this wire ftficlng wm used one above the other The gas 
first passed through an Archlznedes ^^iral, J of 2 foot feno- 
ing, comprising eight toms, brid apart by Iron wires bound 
Into the fencing Tbli ODDStmcd<m allowed most of the gas 
to peuetnts the splml to a oonaldemble distance before being 
disturbed, and of course^ eUmlnated regular reflection. The sec- 
ond devl^ P, placed under the first, co nsisted of a nmnber 
of 12diiGh drcnlar dim'km of the same fOndng bound to two 
quarto inch Iron tods, Q by Iron wires These disks wers 
flvaced one Indi apart The time upper disks wsrs s in g le 
disks, the next lower two were double^ with the strands ex 
tending In dlffexent direettoos, the next two were triple, and 
the lowest disk of all# two indiea from the bottom of tbs 
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tank was compoeed of six Individual disks This lower d^ 
vice neceasatily offered large redstanoe to the passage of tiie 
gas, yet strong rebound from any part of It was prevented 
by the q;>iral Just described With this third arFangemeot, 
small rebound was to be expected which also was home out 
In practice 

This tank was exhausted by way of a stopcock at Its lower 
end, 8 and air was also admitted through this same 8topood^ 
The driular tank Fig IS was 10 feet Ugh and weighed 
about 200 lbs It consisted of a straight length of 8 Inch 
pipe, carefully fitted and welded autogenously, to a foui^ 
foot 8 Inch U pipe The straight pipe entered the U pipe on 
the inn<r side of the latter and at as sharp an angle as 
poBslUe Another similar Upipe was bolted to the first by 
flanges with 1/16 inch sheet rubber packing between 
In this tank Hie gases were shot down the straight pipe, en 
tered the upper U pipe at a small angU thus avoiding any 
considerable rebound and thence passed around the circular 
part*-not returning up the straight pipe until the velocity 
had been greatly nduccil by friction 
In or<l<r to make the time during which the velocity was 
being reduced as long as possible, the pipes were carefully 
of eruh Tare was taken to cut the btde In the 
rubber washers between the flanges, so wide that 
sfon by the fian(,cs would not spread the rubber Into the pipe, 
and thereby obstnnt the flow of gas 
Notwithstanding all these precautions evidence was bad 
that the gases became stopped very rapidly Ihls was to 
be evpfoted luasmucti as there Is solid matter namely the 
wadding and wire that la ejected with gas which accinnulates 
with each successive shot This solid matter must offer con 
■Iderable frictional resistance to nmtion along the U pipe 
and since the mass of gas Is cmly of the order of a gram, 
must neceeurlly act to stop Hie flow In a very short time 
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This interval of time was great enough, however so that this 
second method afforded a satUfsetory check upon the first 
method 

A possible modlflcstlon of the above two methods would 
have been to provide some sort of trap^loor arrangenunt 
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wl>ereby the gases, after having been reduced in speed in a 
container as Just described, would have been prevented Urom 
returning upward Into flie 8*lnch pipe P by this trapi which 
would be sprung at the Instant of firing. In this way gaseous 
rebound would be entirely eliminated. It was found, how- 
ever, that results with the two methods already described 
could be checked sufficiently to snake this modification un- 
necessary. 

The tanks were exhausted by a rotary oil pump, supported 
by a water Jet pump. In this way the pressure in the cylindri- 
cal tank could be reduced to 1.5 mm. ot mercury in 25 min- 
utes and to the same pressure in the circular tank, In 10 
minutes. The pressures employed In the experiments ranged 
from 7.5 mm. to 0.5 mm. 

UETHOD8 OF DETBCTINQ AND MEASXmiNO GASEOUS BEBOUND. 

With the two tanks used in the experiments, It was ob- 
viously impossible to eliminate gaseous rebound entirely, from 
the fact that, even if the velocity of the gases is reduced to 
zero, there still remains the effect of Introducing suddenly a 
certain quantity of gas Into the tank. It became necessary* 
then, to devise some means of detecting, and, if possible, of 
measuring, the extent of the rebound. 

Three devices were employed, one for detecting a force of 
rebound, and two for measuring the magnitude of the impuUe 
per unit area produced by the rebounding gas. These latter 
devices, from the fact that quantitative measurements were 
possible with them, will be called '^Impulise-meters.*’ 

TISSUE PAPER DETECTOR. 

The detector for indicating the force of the rebound con- 
sisted of a strip of delicate tissue-paper, /, Fig. 8 and Fig. 12 
(a), 0.02 nwn. thick, with its ends glued to an Iron wire, IF, 
as shown in Fig. 12 (a). This Iron wire was fastened to the 
yoke Y, Fig. 10, and held the tissue paper, with its plane 
horizontal, between the chamber and the wall of the 8-lnch 
pipe, P. In many of the experiments, the paper was cut 1/3 
the way acroes In two places before being used, as shown by 
the dotted lines h In Fig. 12 (a). Since the tissue paper has 
very little mass, the tearing depends simply upon the magni- 
tude of the force that is momentarily applied, and not upon 
the force times its duration — i r., the impulse of the force 
The tissue paper will tear, then, if the force produced by the 
first upward rush of gas, past the chamber into the space 
in the 8-lnch pipe above the chamber, exceeds a certain value 
This first upward rush of gas will, of course, produce a 
greater force than any subsequent rush, as the gas Is con- 
tinually losing velocity. Even though the magnitude of the 
force that wilt Just tear the tissue paper be not known. It may 
safely be assumed that if the first upward ruGffi does not 
tear the paper, the force due to rebound that acts upon the 
gun must be small compared with the impulse produced by 
the explosion of the powder. 

It should be noted that the tissue paper tells nothing as 
to whether or not there are a number of successive reflections 
or rebounds gradually decreasing in magnitude; neither does 
it give information concerning the downward pressure the 
gases exert upon the chamber tending to decrease the dis- 
placement, after they have accumifiated In the space between 
the top of the chamiber and the cap C, Fig. 8. 

DIBECT-Ltrr lUFULSE-METEB. 

A section of the dlrect^llft impulse-meter is shown in Fig. 12 
((b). It Is also shown in the photograph, Fig. 8, at A. A 
small cylinder A of alumlnuim of 1.46 grams mass, hollowed 
at one end for lightness, was turned down to slide easily in 
a glass tube G. This tube, G, was fastened by de Khotlnsky 
cement to an Iron wire IT, which was in tnm fastened to 
the yoke T, Fig. 10, so that the glass tube, G, Was held In a 
vertical position, between the dbamber' and the wall of the 
8-incb pipe— similarly to the tissue paper. Two small wires 
C, C, of spring brass were cemented to the top of the alumi- 


num cylinder, the free ends iust touching on opposite sides 
of the glass tube. The ineide of the glasB tube was smolted 
with camphor smoke above the point marked X, so that a rec- 
ord was made of any upward displacement of the alominum 
cylinder. The cylinder was prevented txom dropping out of 
the glass tube by a fine eteel wire, lo, cemented to the tube and 
extending across the lower end. 

There are two advantages of this form of Impulse-meter. 
First, friction acts unavoidably to reduce the dU^acement. 
Secondly, any Jar to which the apparatus is subjected on 
firing will cause the aluminum cylinder to Jump, and thus 
give a spurious displacement. This latter fact rendered tike 
meter useless for experiments In which direct lift of the 
chamber took place, as there was always much Jar when 
the heavy chamber fell back, after being displaced upward. 

This impulse-meter, it will be observed, gave a mean meas- 
urement of any successive up-and-down rushes of gas, 

SVBINO TMPUI.SE-MBTEB. 

A section of the spring impulse-meter Is shown In Fig. 12 
(c). The apparatus consisted of an aluminum dmk, D, ce- 
mented to a lead rod, L, of combined mass 5,285 gms; sup* 
]>orted by a fine brass spiral spring, 8, The disk, D, was of 
a size sufficient to slide easily In a glass tube, G. The ui^r 
end of the splmg protruded through a small hole in the glass 
tube, and was fastened at this point by de Khotinsky cement, 
it thus being easy to make the top of the lead rod level 
with the zero of a paper scale, K, pasted to the outside of the 
glass tulbe. A piece of whit© paper placed (behind the tube, 
G, made the motion of the lead roll L very clearly discernible. 

This impulse-meter was placed In a hole in the upper cap of 
the 12-inch pipe of the cylindrical tank, at D, Fig. 11, and 
the same distance from the wall of the 12-lneh pipe as the 
center of the 8-1nch pipe. It projected one Inch through 
the 12-inch cap which was practically the same as the dis- 
tance the 3-lnch pipe projected. The tube, G, was kept in 
position In the cap by being wrapped tightly with insulating 
tape, the Joint being finally painted wlt^ the wax already 
described. 

One Important advantage of the spring impulse-meter over 
that employing direct lift la that the former has very little 
friction, so that the readings are very reliable. Another ad- 
vantage Is that the displacement of the former will include 
without any uncertainty the effect of any number of rebounds 
following one another in rapid succession — i. e., the effect of 
multiple reflections of the gas, if such reflections are present. 

In the vacuum experiments, the soft steel chamber was 
used for Du Pont powder, and the nickel steel chamber for 
Infallible powder. 

Tbe three nozzles were used, called khort, medium, and 
long, and they were respectively 9 64, 15.88, and 22.68 cm. 
from the throat to the muzzle. 

(Here foUowa a iahte of experifnente which for lack of 
space we have omitted — Editor. 

DISCUSSION OF BEBULTS. 

1. There is a general tendency for the velocities in vacuo 
to be larger than those in air, for the same length of Chamber, 
I, and the same mass of powder. For the medium nozzle, with 
Infiallible powder, a comparison of experiiuents ehows that Uie 
increase amounts to 22 per cent of the velocity in air. 

2. The medium nozzle gives, In general, greater velocities 
than the short or the long nozzle with the same length of 
chamber, h and approximately the same charges of powder. 

8. The results show no appreciable dependence of the ve- 
locities upon the pressure In the .tank between 73 mm. and 
0.6 mm., and it mte to conclude that the velocities are prac- 
tically the same from atmospheric pressure down to zero 
pressure, except as regards the slight increase of Tdodty 
with decreasing pressure already mentioned. 

4. A comparison of the results when the chamber moved 
under the tofinence of the epring with those In which the 
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diamber was merdy lifted^ show that tba agraement of re- 
suite obtained by tbB two methods is good, provided the din- 
pkicemeikt la the direct lift expeorlment Is small. If, oa the 
the other hand, the displaeement In the direct lift 
expeidment is targe, this method gives considerably less 
vrtodtlei than the spring method. It is evident that all the 
vOtooitiee obtained by emperimente in which the lift exceeded 
4 cm* are from 800 to 600 ft* lec. too email This is a very 
important oonclueton, for it means that the highest velocities 
in vacuo, recorded in the table, are doubtleee ccMiderably 
te$$ than thoee which were actually attained. 

5. A comparison of the results obtained by means of the 
circular tank with those obtained by means of the cylindrical 
tank shows that the velocities range about 100 ft./8ec. higher 
for the clrcidar tank — a difference that is so small as to be 
well within the accidental variations of the experiments. 

Oonceming the behavior of the cylindrical tank under dif- 
ferent conditions, a comparison of experiments shows that the 
velocities are much the same for all cases. Hence it Is safe 
to conclude that the rebound, at least for small charges, is 
not excessive even If an empty tank Is used, providing it is 
sufficiently large, 

6. Oonceming the proportion of the measured reaction that 
is due to gaseous rebound, the tissue paper detector, as has 
already been explaincrl, does not give any information. All 
that this detector really shows is that the force exerted by 
the intlal upward rush of gas past the chamber is not exces- 
sive. 

The gaseous rebound could not be measured accurately with 
the direct-lift Imopuise-meter. 

The spring impulse-meter used In the last five expenments 
gave reliable results because of the very slight friction during 
operation. This Impulse-meter shows that, if the momentum 
of the chamber were to be corrected for gaseous rebound, 
this correction would be much leee than one per cent of the 
momentum of the chamber. But as has been stated above, the 
Impulse of the rebound at the chamber muse be less than that 
at the Impulse-meter, from the fact that gases may pass 
readily behind the chamber, and exert a downward pressure, 
and also because of friction In the 3-lnch pipe. The effect of 
gaseous rebound is therefore negligible, and no account of it 
has been taken in calculating the velocities and efficiencies. 

It now becomiv possible to find, from the experimental re- 
sults, the highest velocity in vacuo upon which dependence 
may be placed. This Is evidently the result of Experiment 45 
and Is 2 34 km./sec. or 7,080 ft./sec. But Experiment 60 
would have given without doubt, a velocity even higher, had 
friction properly been taken Into account. 

ntSCUSSION OF POSSIBLF. BXPLAKATIONB. 

1, The fact that the velocities are higher in vacuo than in 
air seems explicable only by there being conditions of igni- 
tion different in vacuo from those in air; although this may 
also have been due to the air In the nozzle Interfering with 
the stream-lines of the gas, thus producing a Jet not strictly 
tmldlrectional. It should be remarked that the highest velocity 
in vacuo recorded may have been due to unusually good cir- 
cumstances of Ignitiou; but may also have been due, in part, 
to being performed in the circular tank 

2. The fact that the medum nozzle gives in general veloci- 
ties higher than the long nozzle shows that very IJkely after 
traveling the distance from the throat equal approximately 
to the length of the medium nozzle, the gas is moving so 
rapidly that it fails to expand fast enough to All the cross- 
section of tlie nozade. The efficiency could doubtiess be in- 
creased by constructing the nozzle in the form of a straight 
portion, corresponding to a cone of 8®. taper, for the length of 
the medkim nozzle, with the section beyond this point In the 
form of a curve concave to the axis of the nozzle. 

CONCLUSIONS FBOM KXrBBIMBNTS. 

1. The experiments in air and in vacuo prove what was sug- 
gested by the photogracihs of the flash In air, namely, that the 
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phenomenon is really a Jet of gas having an extremely high 
velocity, and la not merely an effect of reaction against the air. 

2. The velocity attainable depends to a certain extent upon 
the manner of loading, upon the circumstances of ignition, and 
upon the form of the nozzle. Hence, In practice, care should 
be taken to design the cartridge and the nozzle for the density 
of air at which tliey are to be used, and to test them in an 
atmosphere of this particular density. 

MGNlFICANtB OF TUB ABOVB BXl'BBlMENTS AS BKOARUS OONSTBUCT- 

ma A FBACTICAL APFABATUS. 

» 

It will be well to dwell at some lengtli upon the slgnflcance 
of the alK>ve experiments. In the first place, the lifting power 
of both powders is nmia rkable. Experiment 51 shows, for 
example, that 42 lbs. can be raised .,2 inches by the reaction 
from less than 0 018 lb. of fpowder. One interesting result 
is the very high efficiency of the apparatus considered as a 
heat engine. It exceeds, by a wide margin, the highest effi- 
ciency for a heat engine so far attained — the “net efficiency" 
or duty of the Diesel (Internal combustion) engine being 
about 40 per cent, and that for the best reciprocating steam 
engine but 21 per cent. 

It Is, however, the velocity which is of the most Interest. 
The highest velocity obtained in the present exi>er]menis is 
IS ft /sec. under 8,000 ft./sec., thus exceeding a mile end a 
half per second (tiio “Parabolic velocity” at the surface of 
the moon), and also exceeding anything hitherto attained ex- 
iopt with minute quantities of matter by means of electrical 
discharges in vacuum tubes. Inasmuch as the higher veloci- 
ties range between seven and eightfold that of the Goston 
rocket we should expect a reduction of initial maeses to be 
made possible by employment of the steel chamber, to at least 
the seventh root of the masses nect*ssary for a chamber like 
the Coston rocket. 

The supposiition is, of course, that the mass of propellant 
material can be made so large In comparison with the mass 
of the stcvl chamber, that the latter is comparatively negligi- 
ble. No attempt was made in the present experiments to 
reduce the chamber to Its mlntimiin weight The minimum 
weight for the same thickness of wall as In the exs>erlraents, 
was calculated by estimating, first, the volume of a chamber 
from which all superfluous metal had been removed, and then 
calculating the mass of this reduced chamber, from the meas- 
ured density of the steel 

It should be mentioned that for any particular chamber, it 
will be necessary to determine the maximum possible powder 
charge to a nicety, from the fact that, as modem rifle practice 
•has demonstrated, one charge of dense smokeless powder may 
be perfectly safe for any number of shots, whereas a Slightly 
larger amount, or the same amount sllji^tly more compressed 
will result in very dangerous pressures. 

But the whole question of ratio of inass-of-powder-to-cham- 
ber is without doubt rcdatlvely unimportant for the following 
reason: The photograph of the flash. Fig. 5, In which the 
flash was accidentally reflected in the nozzle of the gun, shows 
the nozzle appearing stationary in the photograph, thus dem- 
onstrating that the duration of the flash is very small; but 
this, as already explained, is much longer than the lime dur- 
ing which Llie gases are leaving the nozzle. The time of firing 
Is, therefore, extremely short This la to be expected, Inas- 
much as the hifh pressure in the chamber sets In motion only 
the small nmss of gas and wadding, and hence must exist 
for a much shorter time than the pressure in a rifle or pistol. 
For this reason the heat such as Is developed in the machine- 
gun, due to the hot gases remaining in the barrel for an appre- 
ciable time during each shot, as well as that due to the 
friction of the bullet, will be absent in the type of raptd-flre 
mechanism under discussion. Hence a large number of shots, 
equivalent to a mass of powder greatly exceeding that of the 
charrtber, may ibe fired without serious heating 



Sources of Power Known and Unkown’ 

Vast Stores of Atomic Energy 
By Sir Oliver Lodge, D<Sc., Sc.D., LL.D., F.R«S. 


A ll that the human race can do In the material world la 
to move matter. To this end our musdea are dealgned, 
^end only with their aid can we operate. Moreover, 
It la really through our musdea that we primarily enter into 
relation with the material world. Our muscular sense has 
informed us of the existence of an external world: it la that 
sense which enables us to interpret the Indications of other 
senses, and which dearly discriminates “matter” from what 
might have been sensory, illusion. All our physical activities 
may be summed up as the movement of matter; Indeed, even 
our bodies are so composed, and are what we move in the 
first instance. The mind is in a different category, and when 
we think or will or remember, or suffer or enjoy, we are not 
necessarily moving matter; though usually some brain process 
accompanies these mental operations; but when a poet or a 
muBlcian tries to express or record his thoughts, he has no 
other means available than to move a pen over paper, or 
work a violin bow or a keyboard, or of course be may set 
in action the muscles of his throat, and generate vibration 
In the air that way. 

That the whole function of an engineer is to move matter 
is fairly obvious. Civil engineers, in a spirit of inverted 
pride, sometimes denote themselves as “dirt-shifters”; bnt 
the construction of a bridge, or of an engine, or of a dynamo, 
can also be described as the shifting and pladng together of 
material objects. The farmer and gardener again, do nothing 
else. Alt real operations, from the production of electrical 
currents to the growth of seeds, are performed by Nature. 
Locomotion, in one form or another, is the business of man. 

Every form of physical activity requires power ; hence 
power or energy Is the most pressing material need of man 
Food and fuel obviously belong to the same class ; for whether 
the power exerted be directly muscular or indirectly mechan- 
ical, makes no difference In principle. Yet there is a differ- 
ence. Food is mainly used by an animal for developing energy 
before it has assumed the form of heat. Fuel, unfortunately, 
at the present time, has to produce heat first, so that the 
heat can be employed In some form of heat engine. We are 
thus up against the conception of temperature, and the Inex- 
orable law of efficiency, Heat can only be used when it 

falls In temperature from a hotter body to a cooler, and it Is 
liable readily to fall in temperature without being ntiUzed. 
When that happens there Is loss of efficiency, and consequent 
waste of available power. A flagrant instance of fall of tem- 
perature with nothing to show for it, is the drop of temper- 
ature between furnace and boiler. All the heat may be 
transmitted through the walls of a perfect boiler, but it has 
become heat at a much lower level. The subsequent drop of 
temperature from boiler to condenser Is utilized to the ut- 
most by a multitude of Ingenious devices from Newcomen and 
Watt down to Sir Charles Parsons, whose engines I suppose 
utilize this fall of temperature in the most direct possible 
manner. But If the temperature of combustion could be made 
use of, as In a frictionless flame turbine, more of the fuel 
energy could be utilized. Intemal-combustion migines attempt 
this, no doubt successfully up to a point ; but so long as they 
require cooling Jackets, whereby heat falls in temperature 
without doing work, so long they are imperfect Utilisation 
of undestred local heat to generate high pressure steam, 
would seem likely to be a step in the right direction, and an 
engine with flame on one side of the piston and steam on the 
other has become known. 

But animals do not turn their food energy into heat at alt — 
•Lecture delivered before the Royal Sooiety of Arte, Dee. 10, 1010. 


save what Is needed for warmth. Nor does a voltaic battery 
turn its chemical mieigy into heat. Any heat produced la 
waste : the chemical miergy ought to go direct into an electric 
current; and an electric motor is capable of utUlslng current 
energy very ^Ddently. Unfortunately, the chemicals are ex- 
pensive, and It pays better to conduct electrochemical opers- 
tions by aid of a 'dynamo and expenditure of me ch ani c a l energy, 
than to obtain mechanical energy from electrochemical op- 
erations. 

It Is Important to realize that the law of effldmicy 

is only applicable when the terms “beat" and “temperature” 
are applicable. The second laiw of thermodynamics refers to 
heat only, and not to any other form of energy. It does not 
apply to moving objects directly harnessed — ^llke a fly-wheel ; 
nor would it apply to molecules If Iheir motion could be di- 
rectly utlflsed. Organized and systematic motloi^ is not 
"heat.” In so fUr as the sun Is a hot body, the formula la 
apifllcable, but It Is a body at so excessive a temperature 
that the effidency is nearly perfect. The fkll of temperature 
from earth to absolute zero is 800*, but the fall from sun 
to earth is about 6,000*. hence the dfldency Is or B, 
or very nearly unity. The leaves of trees, and vegetables gen- 
erally, are able therefore to absorb and utilize solar energy in 
the refined diemlcal operations needed for the productl<m of 
wood and coal, as well as of food, and they seem able to do 
this without mneb regard to any hampering law of effidency. 

This Is undoubtedly the best way of utilizing present solar 
energy; and the moral Is — ^promote agriculture of efvery kind, 
and in the widest sense. The solar rays which fall on the sea 
are not wasted ; they are needed for wind and rain, and they 
give us all our water-power, hut solar rays fallen on barren 
soil or hopeless Jungle are a reflection on humanity : that kind 
of waste onght not to occur. The progress of bacteriological 
sdence might make every soli fertile; even rocks can be dyna- 
mited Into eomethlng; and Jungles and swamps should be 
cleared. We are not living In the carboniferous epoch, and 
we cannot wait millions of years for the contemporary pro- 
duction of coaL 

But It is not food and fuel alone that we get ^m the pres- 
en^day sunshine: We get wind and water-power, too; and 
it Is economical to use toem where we can. The beauty of a 
waterfall la entldng, but looked at with an engineering eye 
many waterfalls suggest a sad waste of power. And even 
when there Is not a waterfkll, so called, all water In descend- 
ing from high-level lakes to the sea most be able to give out 
power which might be used wherever it la convenient to 
harness it. 

In other ways the present sunshine may be utilized. 1 can- 
not regard with hope the Idea of merely converting It Into low- 
temperature boiler-heat The barrenness of the Sahara would 
be the only excuse tor the extensive use of burning-glasses 
or mirrors, and It Is, perhaps^ the only kind of place where 
such an enterprise could rationally be ctmtemplated. But then 
there are very few parts of the Sahara where power la par- 
ticularly wanted. Economy of transmlsaion has a limit 

[A digression on the miergy of the past snn may be per- 
mitted. All that the earth has caught for all the tninipn if 
of years that it has existed, Is the merest fracUon of what 
the sun has radiated to the same time. The earth to the 
sun is like a printer’s full st<^ at a distance of ten feet ftmn 
a halfpenny. Some of 'the radiation from a i^obe one inch 
in diameter falls on the spot in. to diameter ten fbet 
away, but that little speck only catches the hundred and fifty 
miUlonth part of the whole. What has become of the rest 
of the solar energy? It must Mill be careering tbrouiffi 
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The ether le perfectly tranepareat, and only when It encoun* 
ters matter will the radiation be mopped np and tamed Into 
heat* Not ont ann onlyi but all the milllona of other eana» 
have likewise been always pouring out radiation Into space* 
Is there any hope of catOblng and utilising it? 1 trow not* 
Id spite of all this constant flood of energy, apace Is cold; 
very near absolute zero* The reservoir la so enormous that 
all these taps« running for ages, have made no Impression on 
it, have not raised the level a perceptible amount.] 

The only portion of the past solar energy available to us 
is that whidi wae caught and stored by vegetation. This it Is 
which has produced combustible matter; this it Is, probably, 
which has also liberated free oxygen into the air. 

The amount of atmospheric oxygen, and the amount of 
combustible matter In the earth’s crust, were believed by Lord 
Kelvin to correspond ; one was the chemical equivalent of the 
other; they had been separated by solar radiation. If so, the 
amount of oombustiible matter, of every vegetable kind, In 
the earth’s crust can be estimated ; for It Is easy to estimate 
the amount of oxygen in the air. 

The amount of combustible matter is limited, but the oxygen 
of the atmosphere is also limited. We have not exhausted 
the total fuel supply as yet, and it is to be hoped that we 
never shall attempt it It would be poor progress if the 
human race, In pursuit of mechanical activity, were to burn 
up the air It breathes. There la plenty left at present, but 
DO thanks to human beings or animals that it is so. All our 
factories burn it up. Only vegetation restores and renews it. 
We used to bum up the air of our rooms In order to light 
them ; we do better than that now. The utilization of chemical 
or molecular energy seems necessarily limited. A great con- 
sumption of material yields comparatively little power. More 
plentiful and cleaner power is wanted. Some other source of 
energy ought to be discovered before the human race is a 
i*entury older. 


Are there any sources of energy not derived from the sun? 
Yes, two. The internal heat of the earth and the tides. In- 
ternal heat of some kind, whether due to radioactivity or 
otherwise, makes itself manifest in the neighborhood of hot 
springs and volcanoes. The eminent Italian ^iglneer Signor 
Luiggi Luigi has shown us how to bore into the bowels of 
Vesuvius and extract from It some of its energy in a practical 
manner. A remarkably Interesting achievement! 

The utilization of the tides is continually being pressed by 
amateurs, but engineers rather take their stand with Lord 
Kelvin in recognizing the extreme slowness of tidal opera- 
tion, They realize the vast reservoir that would have to be 
filled and emptied every twelve hours, and how likely it is that 
the reclaimed land of the reservoirs would be of more value 
than the power; at least In any locality where the power 
was really wanted, without prohibitive distance of trans- 
mission. 

The power of waves Is different That does come from the 
sun, and It is not leisurely like the tides. Those who have 
watched Atlantic rollers booming Into creeks on the west 
coast of Ireland have felt that here surely was available 
power. We may Imagine a dreadnought (now let us hope of 
no farther use) attached by a long girder to rack -work ma- 
chinery, and being hoisted up and down by the waves. The 
weight that could thus be hoisted might be far greater than a 
dreadnought — the whole German fleet for instance might be 
attached to the lever; It would give a good many foot-tons 
per minute; but whether any machinery would stand the strain 
I do not know. The Idea la probably absurd, but It seems to 
me less problematical than the tides. Besides, in large har- 
bors the tides are wanted for scouring purposes, and for 
clearing away a bar. 

Is there any concealed store of energy recently discovered 
and not yet uUlizSd? There is indeed. There are two, — 
one certain, the other rather hypothetical : the epergy of the 


Atom, and the energy of the Ether. 1 propose to say nothlAg 
about etheric energy. If it exists, ae I think it does, it is 
enormous, exceeding the hounds of imagination; but at pres- 
ent it is utterly beyond our reach. Atomic energy ia rather 
inaccessible too, but not hoi>ele8sly so. It is far less la 
amount than etherlal energy, but it is immense compared 
with any form of chemical or molecular energy, such ae that 
derived from combustion or explosives. 

By atomic energy I mean the constitutional energy of an 
atom — the energy which makes It what it is. If this energy Is 
given up in any considerable degree, the substance ceases to 
be what It was, and becomes a substance lower down In the 
scale. Utilization of atomic energy would involve the step- 
ping down, the degradation, of matter. The term is purely 
technical — it has been already applied to energy without moral 
stigma. All It means is that heavy atoms may b€Kx>me lighter 
atoms, and m so doing must give off a definite proportion of 
their great store of energy. 

This spoutaneourfy hapi>ens In the phenomenon known as 
radio-activity. If It had not spontaneously happened, we 
should have known nothing about the energy concealed In 
an atom The explosive or radio-active atom has given the 
secret away. All atoms possess energy, but some cannot hold 
It all. These are the radio-active elements, and they period- 
ically fire off projectiles with more than volcanic violence. 
A radium atom firing off a particle, which turns out to be a 
postl>ely charged atom of helium, is like a two-ton gun 
firing a hundred-pound shot. That is about tho actual pro- 
portion between the projectile and the rest of the atom ; which 
naturally recoils each time It fires. The recoil has been ob- 
served. Before it has exhausted its ammunition It fires off 
five such projectiles, and then settles down into a quieter ex- 
istence as lead — or, if not exactly lead, something chemically 
indlstiniguishable from lead. A uranium atom had already 
fired off four projectiles in order to become radium. Radium 
is a temporary half-way house between uranium and lead: it 
is active, but not so fiercely active as some of tho intermediate 
substances, which last so short a time that they barely have 
names They destroy themselves by their own activity, and 
consequently are very scarce— like a population with a high 
death-rate. Radium is of moderate activity; its lifetime Is 
of the order of a thousand years, whereas the lifetime of 
some of tlie intermediate substances may be measured In weeks 
or even minutes. Yet they are real elements, with a place 
in the series, and they have definite spectra and chemical 
properties. 

Do not suppose that the well-known radium is an exceptional 
substance. It would seem that all substances of very high 
atomic weight are liable to behave in this way — it Is only a 
question of degree. And it is not by any means their whole 
energy that they thus exhibit, it Is the energy they expend 
and get rid of — their waste energy— -which we perceive. And 
when we speak of their explosion, it Is to be noted that 
the explosion is not a shattering or bursting of the gun, it is 
merely the firing of a shot; except that in the atomic case the 
shot was part of the gun. The energy retained is far more 
than the energy expended. And when Its active transforma- 
tions have coased and left It in a stable state, like lead or 
gold or sliver or copper or iron, or any common element, we 
are not to suppose that because it is quiescent therefore it 
has no store of internal energy. Appearances are deceptive. 
Anyone looking at cordite might think it harmless enough; 
and BO it is till a suitable stimulus Is applied. It does not 
go off spontaneously, or at least it is not wanted to. Gun- 
powder and any other explosive exhibits no trace of its 
secret to mere inspection ; nor do the atoms of ordinary matter 
show that they are fearfully energetic; but the energy is there. 

We may now go on to ask : What corresponds to the gun- 
powder, when I speak of a gun firing a shot? What propels 
the projectile? It is a very pre^r question, but at present 
it can only be partially answered. 

There are two kinds of projectiles fired off by a substance 
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rent ought to depend on the projectiles themselveii, not on 
their secondary and adventitious effects. 

It is to be noticed that the kind of electric emission troDH a 
hot wire differs greatly from that stimulated by ultra-violet 
light or li^-rays. These vibratory agents dig right down Into 
the constitution of the atom, and eject electrons whose oi1i>ltal 
frequency agrees with their own. The ^'harder’* the ray, that 
is, the higher the frcfiuency of the impinging radiation, the 
higher the velocity of the ejected electron— evidently because 
one of the innermost orbits is then perturbed. For in inner 
orbits the speed must be high, in accordance with Kepler’s 
third law. The orbital speed varies Inversely with the square 
root of the radius of the orbit. And the more massive the 
nucleus the greater the spt^ed necessary to balance the cen- 
tripetal force. 

But the Jostling of atoms by heat produces no such deep- 
seated ofTects The effect of heat in a metal la as If a kind of 
atmosphere or crowd of stray electrons evaporated and es- 
caped, It IS unlikely that the electrons in a metal are really 
loose, but some of them are so slightly attached as to be 
practically loose — readily passed from atom to atom in the 
process of conduction, and readily expelled under the irregu- 
lar Impulses of heat. 

Whether heat Is the best way of promoting this electronic 
emission may be doubted It seems an extravagant method, 
analogous to employing an electro-magnet where a permanent 
magnet would do, or to supporting a roof by a Jet of water. 
But the other kind of stimuli, such as those promoted by 
radioactivity or ultra-violet light, do not seem to generate 
the right kind of docile emlstdon. The very high-speed elec- 
trons would require too much potential to hold them down. 
The speed of electrons ejected by X or X rays is definite, and 
depends on the frequency of the rays; but the speed of emis- 
sion of electrons from a hot body is indefinite and irregular, 
being distributed in accordance with Maxwell’s law for a 
monatomic gas. Moreover, the escape through the skin of a 
metal is equivalent to an cseaiie against a “contact*' difference 
of potential; and thus, In some cases, the electrons may be 
said to ooze ratlier than to fly out, and to owe their subsequent 
speed entirely to the external potential gradient In which 
they find tlmmselves. 

That state of things would be quite convenient for wireless 
telegraphy, since they would then be still more readily under 
control. The skin retardation exerted by tungsten has been 
measured as 4 0 volts, unless I am mistaken. 

To return to practical applications of these atomic prop- 
erties — for It Is atomic properties rather than atomic energy 
that is at present being utilized. Not only Is it passible to 
employ a relay in the way described, for the emission and 
receipt of wireless waves, but one relay can be used to stimu- 
late another ; and this can be done several times in succession, 
and immense magnification attained; for the electric stream 
Is so' rapidly responsive and docile that it can follow fluctua- 
tions that no meehanloal relay could possibly follow. The 
rapidity of signalling thus rendered possible in the Morse 
Code is surprising. Of course an automatic sender, and some 
form of chemical or quick-responding receiver, must be used ; 
and then the message can be as rapid as one can speak. The 
words are spelt out, without abbreviation, in dots and dashes; 
and yet the words come on to the tape at three hundred a 
minute, five a second or thereabouts. 

It is also becoming well-known that Morse signals need not 
be used, but that ordinary speech Itself can be thus wirelessly 
but electrically transmitted, with quite good clearness of 
articulation. Every auditory frequency is slow compared 
with what the atomic projectiles can follow, hence every va- 
riety of speech-sounds, vowels and consonants, can be readily 
picked up and transmitted into electric fluctuations. This is 
done at the sending end, and the aerial accordingly emits 
waves, which, though they have their own electric rate of 
vibration, succeed one another in batches corresponding to 
the acoustic rreqnencles. At the receiving end the succession 


of waves are picked up by the aerial there, and/ once inmre 
converted back Into telephonic speedi through this medium of 
one or more valve relays and appropriate devio^ 

There are many details, and great ingenuity has been ex- 
pended in bringing this method ot. wireless Mephony to the 
perfection which It has thus far attained. The whole thing la 
most hopeful, and splendid work is being dobe at wireless re- 
search stationa (1 have recently seen the Government erne 
af Woolwich, under Colonel Cuslns and a devoted staff of 
workers, and have gone over It with great admiration.) 

The interest to us, here and now, is that It is by the harness- 
ing and practical utilization of purely atomic properties, that 
all this great advance in practical electrical engineering has 
been accomplished. The conclusion is inevitable that much 
more remains to be done. 


A NEW PKOOESS FOR PLATING ARTIFICIAL STONE 
WITH METAL. 

The varieties and applications of artificial stone have be- 
come increasingly manifold In the present century. In 1001. 
an Austrian inventor, Lundwlg Hatschek, took out a patent for 
a new kind of artificial stone, having as its chief elements 
asljcstos and cement. Tiles of tills substance called Etemit 
and Zenit have been extensively used for building purposea 
esiHK'ially for roofing. However, such tiles are not absolutely 
impervious to water and to frost. Many attempts, therefore 
have been made to Improve the material by painting or cover 
lug with metal. For example, in one process the tiles were 
painted with copper and aluminum bronze and then polished 
but this application was found to be not very durable. An 
other attempt was made to cover the stone with a metal 
< Gating by means of the Schoop spraying porcess, but since no 
intimate connection is thus formed between the metal crust 
and the mass of the artificial stone, the metal peels off in the 
course of time. 

The problem has now been successfully solved, according 
to the ElekfrochemiBche ZeiUvhrift (Berlin) by an engineer 
named Henry Welte, after several years of study and experi- 
ments His process, which is patented (DRP. 288,435) fur- 
nishes asbestos-cement roofing tiles with a metal overlay which 
renders them absolutely watertight and resistant to frost 
Furthermore, the metal covering clings solidly to the plates of 
stone These virtues have been certified to by the Experi- 
mental Station of the TiHrhnological Trade Museum in Vienna, 
and the Ohemical Laboratory of the Olay Industry In Berlin. 

The process of manufacture Is exceedingly simple and can 
be Incorporated without trouble in the scheme of any artificial 
stone works. Before the shaped articles are placetl under 
the hydraulic press the entire surface is covered with pow- 
dered metal, which Is sifted on so as to form a thin coating. 
The single partldes of the metal powder are given either a 
spherical or an irregular form, as the case may be. The ob- 
ject Is then placed under the press and the pressure causes 
the upper surface of the imrtlcles of metal to be flattened 
and to unite with each other, forming a uniform layer. This 
coating Is compactly united with the mass of stone by means 
of the pressure, the cement being forced into the Interstices 
of the particles of metal beneath but without being extruded 
through the upper surface. 

All sorts of objects, tiles, building stones, pipes, etc., can 
thus be covered with any desired metaL Another advantage 
which is of great importance is that plates thus covered can 
be welded together, thus greatly simplifying the making of a 
water tight and frost tight roof, the upper surface of the 
stone being covered with lead or copper, or with a lead coat- 
ing which has been cop^r plateA bjr the galvanic method. 
The process also lends Itself to decorative purposes, since it 
can be applied to ^Jects such as bath tubs, bath rooms, wash- 
stands, Ice boxes, electric fixturea,^ etc., decorated In relief. 
This new invention will alsp be of great value in the con- 
struction of chemical appliances because of the resistance to 
acids attained by the use of the proper metal Overlay. 



The Apparent Form of the Sky* 

A Penultimate Word on This Much Discussed Subject 

f 

By Camille Plammarion 


The foltoiciHff article U a report of a lecture bp if. Flam- 
marion. While the dietinpuiehed attronomer here eeti forth 
his viewe in ansicer to those ea^pressed in a previous lecture 
bp Dr. Dubieft address is in no tcap dependent upon the 
former for comprehension^ both text and illustrations being 
self^xplanatorp . — ^Gditob. 


If I give to ttila Informal address tbe title of a penultimate 
word on tbe apparent form of tbe heavens, It is because 1 feel 
that tbe ultimate word will never be spoken, and that at any 
rate 1 myself should never venture to utter It. The learned 
and picturesque lecture with which Dr. Dubief has charmed 
us, has shown, by the new light which he has shed on this 
ancient question, how complex the subject is and to what 
varied discussions it can give rise. 

It is indeed an aneient question. Yesterday 1 ran over the 
titles of 250 memoirs specially devoted to this subject In the 
course of more than a thousand years. As a curiosity I igtll 
set before you one of tbe oldest dissertations, that of the Arab 
Alhacen, a tenth century astronomer, whose treatise on optics, 
translated Into Latin in 1270, was published in 1572 under the 
somewhat heavy form here exhibited It is a bibliographical 
curiosity. We might read, had we time, among these demon- 
Htralions of refraction, chapters 51 to 55, upon the aggrandize- 
ment In size of stars upon the horizon. But I spare you ; chap- 
ter r>5 contains no less than 146 lines of this gigantic format in 
H single paragraph and in not very classic Latin. You see, 
(lentlemen, that our ancestors were as laborious as we. 
A1hazen*s opinion was that the vapors of the air were the 
principal cause of the enlargement of stars upon the horizon. 
This is still the opinion today of my illustrious friend Camille 
Saint-Sa6ns, with regard to which I have been doing battle with 
him since the days of Samson and Delilah. 1 have neither the 
strength of Samson to pull down the walls of a Cyclopean 
temple, nor the charm of Delilah to dazzle the eye, but I ven- 
ture to believe that the mere naked truth will suffice to as- 
sure the victory. 

After Alhazen, as a serious authority, we may cite Kepler. 
1 owe it to the erudition of our colleague, M. Gaston Havet, 
that my attention has been called to his Epitome, which con- 
tains the foUo^ng lines on p. 82 of the edition of 1618: 

*'Jam vero cum constellationes versautnr in coeli medio, corpus 
aerki nec profundum est, respeclu aspectabllls latitudinis ter- 
rarum, nec profundum esaet, conspid potest ijitur ex absentia 
eorpornm Interjectorum : ratlocinatur sensus communis per 
errorem,8ldera cum sunt> in ooell medio, nobis esse propinquiora, 
quam cum oriuntur et Occident : tunc eulm censentur rerootiora, 
quia Valles et montes Inter nos et orientla sidera kmglsslmo 
tractn Interjectl, patent oculis. Sequitur ijitur error alter, ut 
sol, qui manet ejusdem magnitudinls, aestimetur culminare 
parvus admodum, orlrl vero Ingeus, ut glgas. 

*'Eonmi enim quae videntur eodem angulo vlslonts, ilia sunt 
majors, quae remotloira, ut docmnur in optlcis.*' 

This is the explanation which has always seemed sufficient 
to me: that of tbe aspect of sky, which seems nearer to us 
above our headrthan at the horizon, at was later set forth by 
Male)>raiidie and Robert Smyth. At our session of March 5, 
1918, devoted partially ^ subje^ I said, repeating what 
1 had already publtdked*)ii 1872 In the dwt edition of my work, 
I/Afmaspheree of th^ mimd, the sun, and 

and tbe consteUatlDns at ibd horizon ciati be completely ex- 
blainea by the fa^ that they /lypeyg m oy» dis tant than the ob- 

*TraniUlsd for tiM Soonmnc AwBaiCAM Mo>rnit.r from fC'A«<rofioia<#. 


Jects interposed, and we thus Judge them to be larger because 
wo Instinctively compare them with hdoses, trees, hills, etc., 
while when isolated In the heights of the empty sky we Judge 
them to be much nearer. The apparently lowered vault of the 
sky and this removal In distance are due to the same optical 
effect, the same Illusion.’* 

And this is the r^sumd of what we said here at our 1911 
xneef^ngB : 

'*It is incontestable that the sun and the full moon appear 
much larger when they are rising or setting than when at a 
certain height in the heavens, perhaps two or three times as 
great in diameter, In a really colossal proportion. The same 
thing is true of the constellations Orion is gigantic, and that 
indeed is the origin of his appellation. But this enlargement 
Is only apparent, due principally to the form of the flattened 
vault of the sky, which enlarges the projection of the angles 
from the zenith to the horizon. 

“Look at tbe sky in cloudy weather and you will perceive 
that the clouds situated above our heads are much nearer 
us than those at the horizon. The cumulus clouds float at 
1000, 1200, 1500 meters above our heads, while the horizon Is 
5. 6, 10, 15, or 20 kilometers distant or more, according to the 
place of observation. From my observatory at Juvisy, for ex- 
ample, we see the Eiffel Tower 20 kilometers distant, From 
the ramparts of tbe city of Langres Mont Blanc can be seen, 
at a distance of 245 kilometers. The apparent' sky is there- 
fore an almost flat roof not bending downward except at a 
great distance. Tbe far clouds seem poised upon the horizon. 
Thence results this vault in the form of a furnace, this flat- 
tened pressed vault to which we are accustomed, and which 
does not differ very much even In tbe clearest sky, because of 
the accustomedness of the eye and because of the degradation of 
the color from blue to gray ” 

The sides of the angles drawn from the center of the ce- 
lestial hemd'sphere to its Krlrcumfcrence diverge from the 
zenith to the horizon as they cut this flattened vault, as can 
easily be seen In B^g. 1, which was published in the first 
edition (1872) of my work. L’ Atmosphere, 

This figure which resembles that of Malebranche, so bril- 
liantly commented on the other day by Dr. I>ublef, was drawn 
by Robert Smith in his Course on Optics (Txmdon, 1788), trans- 
lated into French by Bezenas In 1767, and published by Vol- 
taire In his Diotionnaire philosophique under the work “Sky.” 

Smith concluded from his comparisons that tbe sky appears 
three or four times as far from us at the horizcm as at the 
zenith in the proportion of the figure, and that apparent di- 
ameters of the moon and sun vary in the following ratios with 
their height 

Heights of Sun and of Moon Apparent Diameters 

0 * 100 

15 68 

80 50 

46. 40 

60 34 

76 81 

90 80 

The effect Is thq^ same for the apparent angular distances of 
the stars and for the size of the constellations. 

It has always seemed to me that we could adopt this ex- 
planation. 

But are there additiohid causes? In particular, does the at- 
mosphere produce effect of a magnifying glass, as main- 
tained by M. SalnM^9ns7 *It^*as my desire once more to test 
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the ideas of an observer meriting such a high degree of con* 
slderatlon. A perpetual demonstration o fthls absence of en« 
largement had already been furnished by the fact that the 
measurement of the lunar circles or of the sun spots is'nat af- 
fected by the height of the star above the horlson, except for 
the well known correction for refraction» which does not change 
the horisontal diameters, and actually difninUhe^ the vertical 
diameter; but another demonstration, even easier and simpler 
can he given by j^otography. 

To Judge directly whether the sun and the moon are larger 
when near the horizon, by reason of an optical phenomenon 
due to the atmosphere acting like a magnifying glass isn^t the 
simplest plan to photograph them? We have done at the 



KIO 1, EXPLAINING TffK APPAHENT RNtiABGWMBNf OF 
THH m\JLm NEAR THiE HOIlI9^N BY TIIH KT^AOmONED 
RHAPE or TflK Cm^TIAX. VAtJM* 


Juvlsy Observatory. Thanks to the well known skill of M 
QuCnlsset many of these photographs were a perfect success in 
spite of the red colorations which are so poorly photogenic, iis 
borne witness to below : 

“The first photograph, reproduced above (Fig. 2) caught the 
sun near its setting in five successive exposures at Intervals of 
about two minutes; we see plainly that there is abs4>hitely no 
increase in sise as the horizon Is approached The “disks be- 
come flattened, because of the refraction, In proportion as the 
sun sinks In the west, but the horizontal diameter remains the 
some The dimension of the solar disk even appears to di- 
minish as It descends because of Its diminution in brUlianc^c 

The second photograph (Fig. 3) represents the moon rising 
in the sky, and portrays Itself as a path of uninterrupted light, 
extending to the top of the plate, in the apparatus, which re- 
mained open for two hours. We perceive that by a phenomenon 
analogous to the preceding, this path will seem rather to be- 
come wider beoayse of the luminous Intensity which increases 
with the purity of the atmosphere. There is also an effect due 
to the deformation Introduced by the best objectives. The i-eal 
image remains the same. 

Conclusion In reality the sun and the moon are not two or 
three times as large at the horizon as in the heights of the 
sky, though they appear to toe; they are not even one fourth, 
one tenth, or any other fraction larger. The appearance is 
nothing but an optical illusion 

By reason of the parallax of the moon and of its consider- 
ably greater distance at the horizon than when it la at the 
zenith, by the entire length of the seml-dlameter of the earth, 
It really shows itself as smaller at the horizon than at the 
meridian. In the proportion of a sixtieth or a half -minute of 
an arc. This variation is In the contrary direction to the ap- 
parent variation, iris not perceptible to our eyes. 

It might be though!;, tbRt our photograph bears evidence to 
this, for it here measuM three millimeters below and three and 
one-half mUliiueters above, but 1 attribute this enlargement of 
the ribbon to the increase In the light of the moon in propor- 
tion as it rises in the sky. Is the apparent increase In size 
influenced by other causes than the geometrical form of the 
firmament? 

The red coloration of the sun and the> moon at the hoHzon, 
in contrast with the misty blue of the layers of atr, the vagne 


aspect of a seml-traiisparent atmosphere without prbetse limits, 
possibiy play some part in this Ulpslon*. 

Tariatiems In the tranapai^hcy of the air m^ play a ntm* 
negligible imrt, but always one of optical natwe, producing 
oontrasting effects upon our retina. Moreover, these variatiOBB 
may elongate the distance of the hoVlson, i«e„ ilattmi stlU mwe 
the celestial vault and inoreaee fhe appareiU sise of the disks 
of the sun and moon at the horizon. The apparent changes lu 
dimension and the difference of visibility may have still other 
causes. 

Apropos of this, here is the letter 1 received from M. Saint- 
Kalins in the spring of 1911 . 

“My dear Flammarlon ; Excuse me If 1 till insist upon this 
uuestion of the enlargement of objects near the horizon, by rea- 
son of observations which I have made upon this subject, every 
time 1 have had the opportunity, for a number of years 

“The flattened appearance of the vault of the sky explains 
perfectly, as you have said, the enlargement of the stars and 
constellations ; but this appearance Is not subject to variations ; 
its effect should be always identical. But this is not the case. 
The enlargement observed is of variable nature. Hence there 
must he another cause which superposes Itself upon that which 
you have so Justly indicated. 

^Thls cause Is the effect of the 'magnifying glass^ produced 
by the atmosphere under certain conditions, an effect which 
some hesitate to admit. These conditions, which remain to be 
determined, appear to me to he a special hygrometrtc state, a 
sort of transparent fog permitting objects to be clearly seen ; 
l»ut I cannot affirm the truth of this supposition. What I be- 
lieve I can affirm Is that the ordinary explanation is not 
sufficient in certain eases. It does not explain the enlargement 
of boats at a relatively short distance, and particularly why 
this increase in size is not always produced. It does not ex- 
plain why It was that on one occasion, when I happened to he 
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on a boat in the Buez Canal, the City of Port Said seemed 
to ail the passengers to be quite near because of the size of the 
buildings that compose it, hut was suddenly reduced in vol- 
ume and relegated to Its true position. 

“It does not explain how it was that one day, being on the 
shores of Lake r.«man with two companions we suddenly saw 
an enormous grayish balloon ascend between two mountaina, 
whose dimensions were so great and whose ascent was so 
rapid that it waa three or four seconds before we reeognized U 
to be the moon, whereafter it suddenly and markedly diminlkbed 
in speed and dimensions. < 

“FLnailyt It does not explain why the moon, even at a con- 
siderable height above the horizon seems much larger on cs^ 
tain days than it nsahlly does. 

« 8ss also wbat 1 wrote la the Bullsttn ter Kov., as 

well as tbs qQotsti<m I hare mads fom MslsbrsiicbSi 1919; pjp. 490 and 
580 . 
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“An l^ooiHuBt lienoii like wyecdlf can only obaerre attentively 
and recount teAtbfolly wbat ke tans seen. If be ventoree. later, 
to riak the waking of hypotheses, be may offer the excuse 
that some great sarants hare done the same and failed to hare 
them confirmed by the facts. But be would be happy If he 
could Instigate the aarants to direct their attention to the phe- 
nomena which he has observed and themselves observe these 
with the competence which he himself lacks." 

O. Salnt'-Safins Is too modest with respect to his own ap- 
praisal of himself, for we all hold him In high esteem ; but be 
is, like us, capable of error, and we may remark, In answer 
to bis first Objection, that the appearance of the celestial 
vault oaHes. 

Moreover, he Invites the thought that the atmosphere at 
times plays an indeterminate rOle, and that in the Port Said 
case, for example, there may have been produced some effect 
otmiroffe. 

We may also accept the views of Dr. Dubief with respect 
to the effects of binocular vision. 

But so far as the enlargement of the stars is concerned 
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It la certain that there Is optical Illusion. We do not really see 
the stars larget^we believe we see them larger. We deal here 
with a psyoholopioal fact, which la none the less interesting 
for our general Instruction. 

1 recall that a few years ago a member of the 8o<Mt4 ffcien* 
ttflque FlammarUtn, of Marseilles wrote to ns that one evening 
in the port of that city, after having fixed his gase upon the 
ruddy sun setting In splendor above the sea, be looked by chance 
at a point near the aenlth— «nd perhaps taken as the zenith, 
according to the Judicious remarks of M. FoucbS — and that 
he was surprised, while seeing the blue complementary image 
clearly defined upon the vault of the sky, to note that it was 
only a half or a third as large as that of the red sun upon 
the horlaon. Uptm his retina, therefore. It did not possess the 
apparent dlmenslonB. 

Here is another image (Fig. 4) which confirms our reason- 
ing. If we draw two equal circles In the interior of an angle, 
one near the apex, the other farther off the first will always 
appear the largw, because of the vicinity of the sides of the 
antfe. The^fuU moon, upon the horizon presents itself within 
the angle formed by the line of the earth and the apparent 
vault of the sky. The variations of this angle according to 
the aspect of the kky at the horizon may explain the vari- 
ations in the appayent size of the moon at the time of its rise. 
But this is always an inztanoe of tmtieal illusion. , 

In 'tty AwHMire AHronOmiqwt for 1018 I published, in the 


"SeUmtifio SeonatioM,'* another sort of figure likeness show- 
ing the effects of an optical illusion (Fig. 5). Which ii tike 
longer, the distance between A and B, mr that between O and 
D? It is exactly the same If the former appears longer it 
is because the space between is empty. 

These projections, for which I am Indebted to our devoted 



S'lO 4 AN OtrriCAL. IlA,U!UON. TUB dBCIiB NBARBR 
THB VBUrriCX APPBAUS LABQBH THAN THIS OTHBR 

colleague, M. Andrd Bloch, will make the latter, I belle\e. 
Incontestably obvious to all eyea. 

It appears to be definitely demonstrated, therefore, that the 
enlargement of the full moon and the sun at the time of rising 
and sotting, as also that of the constellations at 20 or 30 de- 
grees above the horizon. Is nothing but an optical Illusion. 

One last objection* It has been said also that the sun and 
the full moon seem larger to Us at the horizon simply because 
we see better that which is directly in front of ns. Nearly 
everything which presmits Itself directly to our gaze diverges 
very slightly from the level of our eyes, and la situated at 
relatively small angular distances above or below the horizontal 
plane. Our visual faculty being highly developed in this di- 
rection the objects viewed thus appear larger than when seen 
In the other positions which they occupy with respect to our 
own. 

This explanation may be disputed. A tree, fallok and lying 
upon the earth Icmks as large as when standing. The Eiffel 
Tower laid horizontally upon the ground, would seem even 
larger, for it would be necessary to walk 300 metera to 
traverse the whole extent. It is a question of the angle and 
the distance. 



PIO. 8. ANOOHIBB ILLXttlON IN WHICH THB BQUAL 
DIfiTANCBS A B AND C D APPBiAR UNEQUAL 

In conclusion, therefore, we may say that the apparent form 
of the sky is sufficient by Itself to exjdaln the proportional 
enlargement of the stars and constellations upon their ap- 
proach to the horizon. 





Einstein’s Relativity Theory of Gravitation'’ 

A Popular Expldnation 

By £. Cunningham 


T he results of the Solar Eclii>S6 Expedltiona aonoanced 
at the Joint lueetliig of the Hoyal Society and Royal 
AHtronomical Society on November 6 brought for the 
first lime to the notice of the general public the consummation 
of Einstein’s new theory of gravitation. The theory was 
already In being before the war; It is one of the few pieces 
of pure scientific knowledge which have not been set aside In 
the emergency ; preparations for this expedition were In pro- 
gress before the war had ct^ased. 

Before attempting to understand the theory which, If we 
are to believe the daily press, has dimmed the fame of Newton, 
U may be worth while to recall what It was that he did. It 
was not so much that he, first among men, used the dlfferen- 
tlal calculus. That claim was disputed by Lelbnis. Nor did 
he first conceive the exact relations of Inertia and force. Of 
these, Galileo certainly had an inkling. Kepler, long before, 
had a vague suspicion of a universal gravitation, and the law 
of the Inverse square had, at any rate, been mooted by Hooke ^ 
before the “Prlndpla” saw the light. The outstanding fea- 
ture of Newton’s work was that it drew together so many 
loose threads. It unified phenomena so diverse as the plane- 
tary motlone, exactly described by Kepler, the everyday facts 
of falling bodies, the rise and fall of the tides, the top-like 
motion of the earth’s axis, besides many minor irregularities 
in lunar and. planetary motions. With all these drawn into 
such a simple scheme as the three laws of motion combined 
with the compact law of the invese square, it la no wonder 
that flights of speculation ceased for a time. The universe 
seemed simple and satisfying. For a century at least there 
was little to do but forma! development of Newton’s dynamics. 
In the mld-elgbtecnth century Maupertuls hinted at a new 
physical doctrine. He was not content to think of the unlvex^e 
as a great clock the wheels of wliich turned inevitably and 
irrevocably according to a fixed rule {Surely there mu«t be 
some purpose, eorae divine economy in all its motions. So he 
propounded a principle of least action But it soon appeared 
that this was only Newton’s laws In a new guise; and so 
the eighteenth century closed. 

The nineteenth saw great changes. When It closed, the 
age of electrldty had come. Men were peering into the secrets 
of the atom. Space was no longer a mighty vacuum In the 
cold emptiness of which rolleil the planets. It was tilled In 
every part with restless energy. JEther, not matter, was the 
last reality. Mass and matter were electrical at bottom. A 
great problem was set for the present generation ; to reconcile 
one with the other the new laws of electricity and the clas- 
sical dynamics of Newton. At this pOflnt the principle of 
least action began to assume greater Importance; for the old 
and the new schemes of the universe had this in common, 
that in each of them the time average of the difference be^ 
tween the Jdnetlc and the potential energies appears to be a 
minimum. 

One of the main dlfOcultles encountered by the electrical 
theory of matter has been the obstinate refusal of gravita- 
tion to come within its scope. Quietly obeying the law of the 
Inverse square, it heeded not the bdstle and excitement of the 
ne wphyalcs of the atom, but remained, lnd^;>eiident and in- 
evitable, a constant challenge to rash claimants to the key of 
the universe. The electrical theory seemed on the way to 
explain every property of matter yet known, except the one 
most universal of ^em all. It could trace to its origins the 
difference between copper and glass, but not the Common fact 
of weight; and now the ether began silently to steal 
awayT 

*Rq;irint(><l from Mature (London), 


One matter that has seriously troubled men in NewUm's 
picture of the universe Is Us failure to accord with the 
phUoaophlc doctrine of the relativity of space and time. The 
vital quantity in dynamics is the acceleratitm, the diange 
of motion of a body. This does not mean that Newton assumed 
the existence of some ultimate framework in space rdative 
to which the actual vdoclty of a body can be uniquely sped- 
lled, tor no difference Is made to his laws If any arbitrary 
constant velocity Is added to the velocity of every particle of 
matter at all time The serious matter is that the laws 
cannot possibly have the same simplicity of form relative to 
two frameworks of which one is in rotation or non-uniform 
motion relative to the other. It seems, for Instance, that if 
Newton were right, the term “fixed direction" in space means 
something, but “fixed position” means nothing. It seems as if 
the two must stand or fall together. And yet the physical re- 
lations certainly make a distinction. Why thU diould bo so 
has not yet been made known to us- Whatever new theory 
we adopt must take account of the fact. 

It was with some fcdlng of rdlef that men hailed the ad- 
vent of the ether as a substitute for empty space, though we 
may note in passing that some pbHosophers— Comte, for ex- 
ample — have held that the concept of an ether, infinite and 
Intangible, is as illogical as that of an absolute space. But, 
Jumping at the notion, idiysldsts proposed to measure all 
velocities and rotations relative to it. Alas! the ether re- 
fused to disclose the measurements. Bxplanatlons were soon 
forthcoming to account for its reluctance; bnt these were so 
far-readilng that they explained away the ether Itself In the 
sense in which it was commonly understood. At any rate, 
they proved that this creature of the adentlllc Imaglnatloo 
was not one, but many. It quite flailed to satisfy the cravings 
for a permanent standard against which motion might be 
measured. The problem was left exactly where It was before. 
This was pre-war relativity, summarized by Einstein in 1905. 
The physicists complained loudly that he was taking away 
their ether. 

I.et it not be thought, however, that the results of the hy- 
potbcels then advanced were purely negative. They showed 
quite clearly that many current ideas mnst be modified, and 
In what direction this must be done. Most notably it empha- 
Rized the fact that inertia Is not a fundamental and invariable 
property of matter; rather it must be supposed that it is con- 
sequent upon the property of energy. And. again, energy is 
a relative term. One absolute quantity alone remained; one 
only stood Independent of the taste or fancy of the observer, 
and that was “acti<m.” While the ether and the associated 
system of measnrement could be selected as any one of a 
legion, the principle of least action was satisfied in each of 
them, and the magnitude of the aetkm was the same in all. 

But, still, gravitation bad to he left out: end the queetlon 
from which Einstein began the great advance now eoneum- 
mated In auecees was this. If energy and Inertle are Ineep- 
arahle^ may not gravitation, too. bo rooted In energy? If the 
energy In a beam of light has momentum, may it not also 
have weight? 

The mete thou|(bt was revolutionary, crude though It be* 
For if at all possible it means reconsidering the hypotheels 
of the constancy and universality of the velocity ll^t. 
This hypothesis was essential to the yet Infant principle of 
relativity. But If called In question, If the vMocHy of llifiit is 
only approximate constant because of our ordinary ways of 
measuring, the prindide of rdatlvl^, general as it 1% bo* 
comes itsdf an approximation. But to what? It can ooir be 
to sometiiing more general stilt. Is it posattle to maliitatn 
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anytbloff «t All d the ptiaciple with that eaaential Umlta> 
tion removedf 

Hera WM ^actly the point at which philoaophera had crltl* 
dzed the orlfl^inal work of filnateln. For the phyaldst It did 
too much. For the phllosoi^er It was not nearly drastic 
enough. He asked for an out-and-out relativity of space and 
time. He would have it that there Is no ultimate criterion 
of the quality of space intervals or time Intervals, save com- 
plete colnddence. All that is asked Is that the order in whidi 
an observer perceives occurrences to happen and objects to 
be arranged shall not he dlsturl>ed. Subject to this, any way 
of measuring will do. The globe may be mapped on a Mer- 
cator projection, a gnomonic, a stereograph ic, or any other 
projection ; but no (me <»n say tliat one Is a truer map than 
another, Bach la a safe guide to the mariner or the aviator. 
.So there are many ways of mapping out the sequences of 
events In space and time, all of which are equally true pic- 
tures and equally faithful servants. 

This, then, was the mathematical problem presented to 
Einstein and solved. The pure mathematics required was 
already In existence. An absolute differential calculus, the 
theory of differential invariants, was already known. In pages 
of pure mathematics that the majority must always take as 
read, Rlctnann, Chrlstoffel, Ricul, and Levi-Givlta supplicMl 
him with the necessary machinery. It remained out of their 
equations and expressions to select some which had the near- 
est kinship to those of mathematical physics and to see what 
could be done with them. 

THK NATVBK OF TMK TUBOBY. 

We have attempted to show the roads which led to Ein- 
stein’s adventure of thought On the physical side briefly 
It was this. Newton assodated gravitation dcfloltely with 
mass. Electromagnetic theory showed that the mass of a 
body Is not a definite and Invariable quantity inherent in 
matter alone. The energy of light and heat certainly has 
inertia. Is It, then, also susceptible to gravitation, and. If so, 
exactly In what manner? The very precise experiments of 
Ebtvbs rather Indicated that the mass of a body, as indi- 
cated by Its inertia, It the same as that which Is affected by 
gravitation. 

Also, how must the expression of Newton’s law of gravita- 
tion be modified to- meet the now view of mass? How, also, 
must the dectroraagnetic theory and the related pre-war rela- 
tivity be adapted to allow of the effect of gravitation? With 
the relaxation of the stipulation that the velocity of light 
shall be constant, will the principle of relativity become more 
general and acceptable to the philosophic doctrine of relativ- 
ity, or will it, on the other hand, become completely im- 
possible? 

One point, arises immediately. The out-and-out relativist 
will not admit an absolute measure of acceleration any more 
than of velocity. The effect, however, of an accelerated motion 
Is to produce an apparent change In gravitation ; the measure 
of gravitation at any place must therefore be a relative 
quantity depending upon the choice which the observer makes 
as to the way in which be will measure velocities and acceler- 
ations. This Is one of Einstein’s fundamental points. It has 
been customary In expositions of mechanics to distinguish 
between so-called "centrifugal force" and "gravitational force." 
The fomimr Is said to be fictitious, being simply a manlfOsta- 
tlon of the desire of a body tp travel uniformly In a straight 
line. On the other hand, gravitation has been called a real 
force because associated with a cause external to thS body 
on which it acts. 

Einstein akks us to consider the result of supposing that 
the distinction is not essential. This was his so-called "princi- 
ple of equivalence." It led at once to the idea of a ray of 
light being deviated as It passes through a field of gravita- 
tional force- An Observer near the surface of the earth notes 
objects falling avrty from him towards the earth. Ordinarily, 
he attributes this to the earth’s attraction. If' falls with 
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them, his sense of gravitation is lost. His watdi ceases to 
press on the bottom of bis pocket; his feet no longer ivess 
on his boots. To this falling Observer there Is no gravltatloa. 
If he had time to think or make observations of the propa^ 
gation of li|d>t, according to the principle of equivalence he 
would now find nothing gravitational to disturb the rectilinear 
motion of light In other words, a ray ct light pn^iagated 
horizontally would share In bis vertical motion. Tot an 
observer not falling, and, therefore, cognisant of a gravita- 
tional field, the path of the ray would theibfore ha bmidlng 
downward towards the earth. 

The ayetematlc working out of this Idea requires, as has 
been remarked, (xmslderable mathematics. All that can be 
attempted here Is to give a faint Indication of the line of 
attack, mainly by way of analogy. 

It Is no new discovery to speak of time as a fourth dimen- 
sion. Every human mind has the power In some degree of 
looking upon a period of the history of the world as a whole. 
In doing this, little difference Is made between Intervals of 
time and Intervals of space. The whole is laid out before 
him to comprehend In one glance. He can at the same time 
contemplate a Buc<»sslon of events in time, and the spatial 
relations of those events. He can, for instance, think simul- 
taneously of the growth of the British Empire chronologically 
and territorially. He can, so to speak, draw a map, a tour- 
dimensional map, incapable of being drawn on paper, but 
none the less a picture of a domain of events. 

Let us pursue the map analogy In the familiar two-dimen- 
sional sense. Imagine that a map of some region of the 
globe Is drawn on some material capable of extension and dis- 
tortion without physical restriction save that of the preserva- 
tion of Its <x>ntlnulty. No matter what distortion takes place, 
a continuous line marking a sequen(!o of places remains con- 
tinuous, and the places remain In the same order along that 
line. The map ceases to be any good as a record of distance 
travelled, but it Invariably records certain facts, as, for ex- 
ample, that a place call 'd London Is In a region called Eng- 
land, and that another place called Paris cannot be reached 
from liondon without crossing a region of water. But the 
common characteristic of maps of correctly recording the 
shape of any small area Is lost. 

The shortest path from any place on the earth’s surface 
to any other place Is along a great circle; on all the common 
maps, one series of great circles, the meridians, is mapped as 
a series of straight lines. It might secmi at first sight that 
our extensible map might be so strained that all great circles 
on the eartli’s surface might' be represented by straight Hues. 
But, as a matter of fact, this Is not so. We might represmit 
the meridians and the great circles through a second diam- 
eter of the earth as two sets of straight lines, but then every 
other great circle would be represented as a curve. 

The extension of this to four dlmenslous gives a fair Idea 
of Einstein’s basic conception. In a world free from gravita- 
tion we ordinarily conceive of free particles as bdng perma- 
nently at rest or moving uniformly in straight lines. We 
may Imafflne a foar-dimenslonal map in which the history of 
such a paitlcle Is recorded as a straight line. If the partlde 
Is at rest, the straight line is parallel to the time axis ; other- 
wise it Is Indlned to it. Now If this map be strained in any 
manner, the patfts of particles are no longer representell as 
straight lines. Any person who accepts the strained map as 
a picture of the facts may Interpret the bent paths as evld«aoe 
of a "gravitational field," but this field can be »plalned right 
away as due to his particular representation, for the paths 
can all be made straight. , 

But our two-dlmenslonl analogy diows that we may oonr- 
ceive of cases where no amount of straining will make all the 
lines that record the history of free parttdes dmoltaneoudy 
straight; pare mathematics can ahow the precise geometrical 
significance of this, and can write down expressloas which 
may serve as a measure of the deviations that cannot be 
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removed. The necesaarjr celeultte we owe to the genius of 
Rtemann and Ohristoffti. 

Einstein now Identifies the presence of curvatures that can- 
not be smoothed out with the presence of matter. This means 
that the vanishing of certain mathematical expressions Indl* 
cates the absence of matter. Thus he writes down the laws 
of the gravitational field In free space. ' On the other hand, 
If the expressions do not vanish, they must be equal to 
quantities diaracterlstlc of matter and its motion. These 
equalities form the expression of his law of gravitation at 
points where matter exists- 

The reader will ask: What are the quantities which enter 
Into these equations? To this only a very Insufficient answer 
can here be given. If, In the four-dhnenslonal map, two neigh- 
boring points be taken, representing what may be called two 
neighboring occurrences, the actual distance between them 
measured In the ordinary geometrical sense has no physical 
meaning. If the map bestrained, it will be altered, and therefore 
to the relativist it represents something which is not In the 
external world of events apart from the observer's caprice of 
measurement But Einstein assumes that there is a quantity 
depending on the relation of the points one to the other which 
is invariant — ^that is, Independent of the particular map of 
events. Comparing one mop with another, thinking of one 
being strained Into the other, the relative positions of the two 
events are altered as the strain is altered. It Is assumed 
that the strain at any point may be spedfled by a number of 
quantities (commonly denoted ffr $ ), and the invariable quan- 
tity Is a function of these and of the relative positions of the 
points. It is these quantities g which characterize the gravi- 
tational field and enter Into the differential equations which 
constitute the new law of gravitation. 

It la, of course, impossible to convey a precise impression 
of the mathematical basts of this theory in non-mathematical 
terms. But the main purpose of this article is to indicate 
its very general nature. It differs from many theories in that 
It is not devised to meet newly observed phenomena. It is 
put together to satisfy a mental craving and an obstinate 
philosophic questioning. It Is essentially pure mathematics. 
The first impression on the problem being stated is that it 
is incapable of solution ; the second of amazement that It has 
been carried through : and the third of surprise that It should 
suggest phenomena capable of experimental Investigation. 

THB CaUCIAI. PHBNOMXITA. 

As Minkowski remarked In reference to Einstein's early 
restricted principle of relativity: “From henceforth, space 
by Itself and time by itself do not exist; there remains only 
a blend of the two" (“Baum und Zelt,” 1908 ). In this four- 
dlmenslonal world that portrays all history let (C|, «•, «•, «<) 
be a set of coordinates. Any particular set of values attached 
to these coordinates marks an event. If an observer notes 
two events at neighboring places at slightly different times, 
the corresponding points of the four-dimensional map have 
coordinates slightly differing one from the other. Let the 
differences be called (dsi, dXt, dar«). Einstein’s funda- 
mental hypothesis Is this : there exists a set of quantities gr« 
such that 

ffnd»x* -f 2yud«id«, -f . . . + 

has the sanii^, value, no matter how the four-dimensional map 
is strained^^'ln any strain gn is, of course, changed, as are 
also the dEBrences dA.i | , 

If the i^ve expression be denoted by (dt)', df may con- 
veniently K called the interval between two events (not, of 
course, In^jftie sense of time interval). In the case of a Md 
la whidi there is no gravitation at all, If dd!4 is taken to be dt, 
it is supposed that ds* reduces to the expr^on ds,' -f d0»* 
•fdzt*— iW. where o is the velocity of light If this is put 

|ffh||||gavltattoiial fiM is spcelfled by the set of qi^tlttM gr». 
Whsqjp* gravltatloiwi S«ia is nudl, these are all sere, sicapt ter 
044 , wnteh is apprextmstsly the oidlnary Ntwtotilu grsvltatloiuil 
potential. 


equal to sero, it singly esqpvessss the cimditlon dmk the aeltli* 
boring events ocMerespond to two events in the blsloiDr df •' 
point travelling with the vtiodty of Bgbt 

Einstein is now able to write down dtffiweatial aquattoai 
connecting the quantltlee gn wiffi the ooSrdlostee (e^ *1, 

•4), which are in complete accord vrith the fequltemsnt of 
cmnplete r^ttvlQr.* These eqpatlonB ate essumed to hold 
at all ptfints of space nnoccuplsd by matter, and they oonstt- 
tute Einstein’s law of gravitadon. 

HASXTABT MOISOW. 

The next step ia to find a affiudim of the equatkms when 
there la Just one point in space at which matter is supposed 
to exist, one point which is a singularity of the solution. This 
can be effected oomideMy :* 7 %at Is, a unique expression Is 
obtained for the Interval between two neiihboriag eventa 
in the gravitational field of a aingle maee. This mass Is 
now taken to be the sun. 

It is next assnmed that in the fonr^lmenalonal map (which 
by the way, has now a bad twist in it, that cannot be atralned 
out, all along the line of points corresponding to the .posi- 
tions of the sun at every Instant of time) the path of a 
particle moving under the gravitation of fbe snn will be 
the most direct line between any two points on It, in the 
sense that tbe sum of all the Intervals corresponding to all 
the elements of its path Is the least possible.* Thus the 
equations of motion are written down. The reanlt la this: 

The motion 0/ o particle differe only from that given by 
the Newtonian theory by the pretence of an additional aeoeU. 
cration totoard* the nun equal to three timet the mau of the 
tun (in gravitational unUt) nmUipUed by the tquare of the 
angular velocity of the planet about the tun. 

In the case of the planet Mercury, this new acceleration la 
of the order of 19 ^ times the Newtonian acceleradon. Thus 
up to this order of accuracy SlnstelD's theory actually ar- 
rives at Newton’s laws: surely no dethronement of Newton. 

Tbe effect of the additional acceleration can easily be ex- 
pressed as a perturbadon of the Newtonian riiipdc orbit of 
the planet. It leads to the result that the major axis of the 
orbit must rotate in the plane of tbe orbit at tbe rate of 42.9" 
per century. 

Now it has long been known that the pmihdloD of Mercury 
does actually rotate at the rate of about 40 * per century, and 
Newtonian theory has never succeeded in explaining this, 
except by ad hoe assumptions of disturbing mattmr not other- 
wise known. ^ 

Thus Blnst^n’s theory almost exactly accounts for the one 
outstanding failure of Newton’s sebmne, and, we may note, 
does not introduce any dlscr^ncy whmre hitherto there 
was agreement 

TUB DBrUBCTlON OX UOUT BT OBAVlTATlOir. 

The new theory having Justified itself so far. It was thought 
worth while for Brldah astronomers to devote dielr mslu 
energies at the recent solar edipae to testing its prsdiedon 
of an endrely new phenomenon. 

As was rmnarked above, the propagadon of light in the 
ordinary case of freedmn from gravitadonal effect Is r^ 
resulted by the equation dssso. 

This Einstein boldly transfers to his genetallsed theory. 
After all, it Is quite a natural assumption. The propsiati<« 
of light is a. purely objeettve phenomenon. The emiasioa of 

*ThMM •qsaitoM take tee place of tea old lispiMe cqoatlon v*Vwe> 
Just u teat eqaattoB ti tea only Siffanatlai cquattoa of tea seecad 
order wlilcb la entMy l»d<o«idMt of any diaaso «d eidlaaiy space 
co-ordiaatea so BUwteIn eqaatlone ate nnlqnely detenaiaed by tee 
condition of relativity. 

*llN reenlt ia teat tee toveriaat Intartct ds is given ty 
dd«(s-tai/r)(Sn-*«)-««(dW4einMS4«}, 

tee four co-ordtoales betes now Intecpcatod as tent and ordteary 
•pberical polar eo-ocdlaatce. 

*min cemapaadn to tec fact teat la a toM whsie tewe la,ne 
aecalecattra at all tee pate ef a patdcie le tee ahettete dtstSUco 
between two pointe. 
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a dlitvlliiuifie irosa one point nt another moment are eventa 
dlatiiicl a^ , lod^peiMlmt Of the exlatence of an observer. 
Any Inf that oohoacts them miiat be one vvhlch la independent 
of thA'map the observer naes; a$ being an Invariant quantity, 
Otsso expresses such an invariant law. 

This leads at once a law of variation of the velocity of 
light in the gravitational field of the sun. 

«=o(l~2»/r) . 

Here m, as before* Is the maaa of the sun in gravitational 
units, and Is equal to 1.47 kilometers, while o Is the velocity 
of light at a great distance from the sun. Thus the path of 
a ray Is the same as that If, on the ordinary view, It were 
travelling in a medium the refractive Index of which was 
(1— In this medium the refractive index would In- 
crease In approaching the sun, so that the rays would be 
l)ent round towards the sun in passing through it The total 
amount of the deflection for a ray which Just grazes the sun’s 
surface works ont to be 1.75*, falling oft as the inverse of the 
distance of the nearest approach. 

The apparent position of a star near to the sun is thus 
further from the sun's center than the true position. On 
the photographic plate In the actual observations made by 
the Bcllpse Expedition the displacement of the star image 
is of the order of a thousandth of an Inch. The measurements 
show without doubt such a diisplacement 'Che stars observed 
were, of course, not exactly at the edge of the sun’s disk ; but 
on reduction, allowing for the variation Inversely as the dis- 
tance, they give for the bend of a ray Just grazing the sun 
the value 1.98*, with a probable error of 6 per cent, in the 
case of the Sobral expedition, and of 1 64* in the Principe 
expeditl<m. 

The agreement with the theory Is close enough, but, of 
course, alternative possible causes of the shift have to be 
considered. Naturally, the suggestion of an actual refracting 
atmosphere surrounding the son has been made. The exist- 
ence of this, however, seems to be negatived by the fact that 
an atmosphere sufficiently dense to produce the refraction 
in question would extinguish the light altogether, as the rays 
would have to travel a million miles or so through It. The 
second suggestion, made by Prof. Anderson in Nature of De- 
cember 4, that the observed displacement might be due to a 
refraction of the ray in travelling through the earth’s atmos- 
phere In conseque^ice of a temperature gradient within the 
shadow cone of thit moon, seems also to be negatived. Prof. 
Eddington estimates that It would require a change of tem- 
perature of about 20* 0. per minute at the observing station 
to produce the observed effect. Certainly no such tempera- 
ture change as this has ever been noted; and. In fact, in 
Principe, at v^lcb the Cambridge expedition made its ob- 
servations, there was practically no fall of temperature. 

OBAVITATION AMD TBS SOLAB SPECTBXJM. 

It was suggested by Einstein that a further consequence 
of his theory would be an apparent discrepancy of period be- 
tween the vibrations of an atom in the Intense gravitational 
field of the sun and the vibrations of a similar atom in the 
much weaker field of the earth. This la arrived at thus. An 
observer would not be able to infer the Intensity of the 
gravitational field In which he was placed from any observa- 
tions of atomic vltmtions in the same field; that Is, an ob- 
server on the sun would estimate the period of vibrations of 
an atom there to be the same that he would find for a similar 
atom in the earth's field if he transported himself thither. 
But on transferring himself he automatically changes hts 
scale of time; in ttie new scale of time the solar atom vt- 
bratss differently, and, therefore. Is not synchronous with 
the terrestrial atom. 

ObservatUM^ of the solar spectrum so far are adverse to 
the existence of each an effect What then, is to be Midi 
Is the theory wro^ at this point? If so, it muet be givM up, 
In spite of Its'eimordlnary fmccess in respect of the other 
two phenonUMU. 


Sir Joseph Larmor, however, Is of oplnkm that Bfisatela's 
theory its^ does not in reality predict the dlsplacMneitt 
at all. The present writer shares his opinion. Imaidno, th 
fact, two Identical atoms originally at a great dlatance from 
both sun and earrii. They have the same period. Let an ob- 
server A accompany one of these Into the gravitational flsU 
of the sun, and an observer B accompany the other into the 
Arid of the earth. In coneeqnaice of A and B having moved 
into different gravitational fields, they make different changes 
in their scales of time, so that actually the solar observer A 
will find a different period for the solar atom from that which 
B, on the earth, attributes to bis atom. It la only when the 
two observers choose so to measure space and time that they 
consider th^selves to be in Identical gravitational fields 
that they will estimate the periods of the atoms alike. This 
Is exactly what would happen If B transferred himself to 
the same position as A. Thus, though an Important point 
remains to be denred up, it cannot be said that It Is one 
which at present weighs against Einstein's theory. 


THE RESPONSE OF PIJtNTS TO WIRELESS 
STIMULATION* 

By J. C. Bosk. ' 

A oBowiNQ plant bends towards light; this la true, not only 
of the main stem, but also of Its branches and attached leaves 
and leaflets. This movement In response Is described os the 
tropic effect of light Growth Itself Is modified by the action 
of light : two different effects depending on the Intensity are 
produced; strong stimulus of light causes a diminution of 
rate of growth, but very feeble stimulus Induces an accelera- 
tion of growth. The tropic effect is very strong in the ultra- 
violet region of the spectrum with Its extremely short wave- 
length of light; but the effect declines practically to zero as 
we move towards the less refrangible rays, the ydlow and 
the red, with their comparatively long wave-length. As we 
proceed further In the infra-red region we come across the 
vast range of electric radiation, the wave-lengths of which 
vary from the shortest wave I have been able to produce 
(06 cm.) to others which may be miles in length. There thus 
arises the very Interesting question whether plants iiercelve 
and respond to the long ether-waves. Including those employed 
In signalling through space 

At first sight this would appear to be very unlikely, for 
the most effective rays are In the ultra-violet region wlfft 
wave-length as short as 20 x 10-* cm.; but with electric 
waves used In wireless signalling we have to deal with waves 
50,000,000 times as long. The perceptive power of our retina 
Is conflued within the very narrow range of a single octave, 
the. wavelengths of which lie between 70 x 10-* Cm. and 
85 X 10-* cm. It is difficult to imagine that planta could 
perceive radiations so widely separated from each other as 
the visible light and the Invisible electric waves. 

But the subject assumes a different aspect when we take 
Into consideration the total effect of radiation on the plant 
Light induces two different ^ects which may broadly be dlt- 
tlngulsbed as extmmal and internal. The former Is visible as 
movement , the latter finds no outward manifestation, bat con- 
sists of an "op” or assimllatory chemical change with con- 
comitant increase of potential energy. Of the two reactions, 
then, one la ^namic, attended by dlsslmilatory "down” 
change; the other is i>otentlaI, associated with the <vposlte 
"up” change. In reality, the two effects take place simulta- 
neously ; but one of them becomes predominant under definite- 
oondltlons. I 

The modifying condition Is the quatity of light. With refer- 
ence to this I quote the following froti Pfeffer:— "So far aa Is 
at present known, the action of different rays of the spectrum 
gives similar curves In regard to helioteoplc and phototeoric 
movements, to protoplasmic streaming and movements of the 

*Fr0in ffolvr* (LendMi). 
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chloroplastids, an well as the photooastlc movements prudnced 
by growth or by changes of turgor. On the othM hand, It is 
the less refrangible rajs which are most active In photosyn* 
tbeslB.’” The dynamic nnd potential manifestations are thus 
seen to be complementary to each other, the rays which Induce 
photosynthesis being relatively Ineffective for tropic reaction, 
and vice versa. 

Beturnlng to the action of electric waves, since they exert 
no photosynthetic action they might conceivably Induce the 
complementary tropic effect. These considerations led me to 




FlO.l. DlAailA.MIMAT(C nigPBE>8BNTA.TION OF THB 
(MOTHOD OF WIRBLIBSS STlMUIaATION 

On the right Is seen the generating apparatus. The tip ot the 
grovdng plant Is connected 'with the receiving aerial, and the lower 
part ot the flewernpot la earthed. 

the Investigation of the subject fourteen years ago, and my 
results showed that very short electric waves Induce a retar- 
dation of rate of growth ; they also produce responsive tnove- 
ments of the leaf of Mimosa when the plant Is In a highly 
sensitive condition.* The energy of the short electric waves 
Is very feeble, and undergoes great diminution at a distance; 
hence the necessity for employment of a specimen of plant In 
a highly sensitive condition. 

1 resumed my investigations on the subject at the beginning 
of this year. I wished to find out whether plants In general 
perceived and responded to long ether-waves reaching them 
from a distance- The perception of the wireless stimulation 
was to be tested, not merely by the responsive movement of 
sensitive plants, but also by diverse modes of response given 
by all kinds of plants. 

THE WIBKLBBB SYSTRM. 

For sending wireless signals I had to improvise the follow- 
ing arrangement, more powerful i&eans not being 'available. 
The secondary terminals of a moderate-slsed Rubrnkorirs 
coll were connected with two cylinders of brass, each 20 cm. 
In length ; the sparking took place between two small spheres 
of steel attached to the cylinders. One of the two cylinders 
was earthed and the other connected with the aerial 10 
meters in height. The receiving aerial was also 10 meters 
in h^ght, and its lower terminal led to the laboratory, and 
connected by means of a thin wire with the experimental 
plant growing In a pot ; this latter was put in electric connnec- 
tlon with the earth (Fig. 1). The distance between the trans- 
mitting and receiving aerial was about 200 meters, the 
maximum length permitted by the grounds of the instltate. 

I may state here that with the arrangement described above 
I obtained ^ery definite mechanical and electric response to 
wireless impulse. For the former I employed the plant 
Mimosa; the latter effect was detected in all plants, sensitive 
and ordinary. Limitation of space will allow only a detailed 
description of the responsive modification of growth.' 

Vfeflsr, "PbysUdogy ot Flssts,” vd. 11., IM. 

^Bom, “Flsat Bsspoasa'* p. dlfi (1908). 

*A dttaUed aceonat ot the remonM of plants to wlroleim itimala- 
tlon will ho found In the Tnuwwtioiw of the Boee Inedtute, vol. tt, 
to be puMlehcd In NovemtMr, 1919, 


xraxoT Sr wncuna sTiMutAVioit on eaowxK,, 

#or the deteeUoo of variation of growtl) it was' afteesaiy 
to devise the,UtmneIy smisltlve balanced ’etescogre|i|k In 
this apparatus a oompensatlng movement ta given to tb^lent* 
holder by which the plant subsides exactly at ttie same niVk as 
Its growth-dimgatlon, so that the tip of the plant remains 
at the same point This perfect ' balance la attained by a 
variable regulator. The (.ompound magnifying lever attached 
to the plant reconls the movement ot growth. Under exact 
balance the record is horizontal. Any Induced acc^eratlon of 
growth would upset the balance, with a resulting down reo- 
ord; Induced retardation, on the other band, would cause 
an upset In the opposite direction and an np curve. The re- 
sults given below show that growing plants not only perceive, 
but also respond to the stimulus of electric waves. These ef- 
fects were found in all growing plants. The following records 
were obtained with the seedlings of wheat: 

Effect of Feeble Stknulua . — Experiment 1: I first studied 
the effect of feeble stimulus. This was secured by decreasing 
the energy of sparks of the radiator. The response was an 
act*eleration of rate ot growth as seen in Fig. 2, (a) . This is 
analogous to the accelerating effect of light stimulation of 
submlnimal Intensity. 

Effect of Strong Stimnlvt . — ^Espertmeiit 2: The maximum 
energy radiated by my transmitter, as stated before, was 
only moderate. In spite of this, its effect on plants was ex- 
hibited in a very striking manner. The balance was Immedi- 
ately upset, indicating a retardation of the rate of growth. 
The latent period i. e., the Interval between the incident 
wave and the response, was only a few seconds (Fig. 2, (b))- 
The record given in the figure was obtained with the moderate 
magnification of 2,000 times only; but with my crescograph 
the iniignlflcatlon can easily be raised ten million times, and 



FIO. 2. AUTOMATIC RBCORDfi OBTAINIBD traiU TH1C 
BALA-NOBD CBBSCOORArn SHOWING THB BFrOCtTg 
OF WIIUUiiaBS ariMULATTON ON OKOWTH 
(a) Feeble ettiMiliw inUuclns scc«ler«tlon ; (b) etrong etlmuliu 
InOtidng reurdatlon of rate of growth ; (c) eerlee of growth re- 
aponses by varlattoa of growth duo to uniform moderato attamdatioa. 
Upeurvo refHreoenta retardation of growth and down curve accolem- 
tlod (leedUng of wheat). 

the perception of plant to the space-signalling can be exalted 
in the same proportion. 

Under an Intensity of stimulus slightly above the aub- 
minimal, the response exhibits retardation of growth followed 
by quick recovery, as seen In the series of records given In 
Fig. 2, (c). The perceptive range of the plant is inconceivably 
greater than cure; it not only perceives, bnt also responds to 
the dlffmeot taya of the vast ethetal apectrum.. 


PRHSERVINO EXPLOSIVES IN FEAIfUB 
Instead of storing her enormous stock of ihcploslves (esti- 
mated value $140,000,000 to $100,000,000) In ordinary powder 
magastnes and running the risk of dlskatroos oqJIOtloQSt 
France plans to submerge the stock In the cold lakis of tbs 
Pyrenees which are fed by glaciers. 
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FIG. 1. A CVRIOUSI.T VDINBD KNOT FIG 2. SEKTION OF A PINB DE»mOTBD FIG 3 A ROSBt-UKB TDMOB ON 
ON A RBBCH BRANCH BY AVHAT APPBAE TO BB INGROWING THE ROOT OF A VIN® 

BRANCraG» 


Singular Phenomena in the Kingdom of Plants 

Curious Vegetable Deformities 
By Dr. Bergner 

With Iuuhtbations fbou Obiqinai. Photoobaphs Taxer bt the Atjthob 


T he remarkable phenomena ehown In the accompanying 
illustrations are rather more plentiful in nature than 
might be thought Many such things in fact remain 
hidden from us merely because they escape our unpracticed 
observation. Even in our own homes we sometimes fall to 
perceive, until it is too late, what an evil guest we have 
been harboring whoi we see the boards of the walls stained 
with dirty white or brownish flecks like tufts of cotton wool 
and realise that the “weeping fungus" (the Meruliut laory- 
mam, also called dry*rot) which has already infested the 
house is at leeb Rbowlng Its face. And yet we mlafht 
have known what was going on had we but observed that the 
walls which at first were dry had be(^me damp and then sent 
forth an evil reek. It is, in fact, a 'peculiarity of the house 
fungus which starts to grow In dark, damp places and spreads 
throughout the timbers of a house and through thick layers 
of mortar, that it constantly conducts water by means of 
its fibrous filaments from damp places to those which are 
still dry. If we go down Into the cellar with a lamp In a 
house so infested we Shall see hundreds of drops of water 
sparkling upon the woodwork. These are the “tears" which 
proceed from the fungus and to which our own may well be 
added, for this devil in the form of a fungus has brought 
ruin upon mahy a house. Again in the garden we may see 
close pressed fungL springing from tiie ground round about 
a fruit tree and bursting the hark of the latter. This is 
the "Ballintaseh" a most vttatlons evtl'doer although it is a 
very appeMih)|(,btt of food; it is essily recognisablie by its 
smooth iMrowa eapb eonvas ia the middle and bearing scales 
coveted with dark hairs, by the white gills, of its lower side and 
by the tbldEenlng «t f|M stalk wbece tt issues from the grould. But 

when we perceive It baa lotig bad ItelUaments or, hyphae sunk 
into the roots efthe tree whicAt it destroys and these same fibers 


also penetrate the stem, which often withers in a single year 
from this cause But not content with this It reaches out to 
lay hold upon the neighboring trees, unless It is combated by 
the most thorough-going uprooting of the tree originally af- 
fected. This fungus is particularly injurioua in forests of 
evergreen trees. It is the filaments of this fungus, too, spun 
throughout fallen trees that occasion a phosphorescent gleam 
from rotting wood. It Is a marvellous sight to see the floor of 
the forest shining with countless particles of light when one’s 
foot happens to strike such a bit of wood. 

There are other fungi which lack stems which are even 
more destructive, transforming the wood into g sort of red 
brown mold. On this account this disease is known as 
"red rot” and it sometimes lays low a whole section of a 
forest, even of an extent of 10 ar. or more in scarce so 
many years. In the meanwhile a tree thug attacked continues 
to remain green for a long time until some day wh«a the 
work of destmetion has reached its maximum, it gnddenly 
collapses. This Is core rot — the pine trunk whose cross 
section Is shown in Fig. 2, has fallen a victim to this disease. 
It is so striking In this Instance that the branches have ap- 
parently turned inward, thus giving the Impression of s wbeM 
which lacks only the hnb of the axle. Cprlo^ enough are 
the witches’ brooms, which were once thought by common 
folk to r^resont an injury done the trees by those unholy 
dames who used to ride through the air towards the Harts 
Mountains upon brooms. In the winter these resemble bushy 
brooms since In contrast to their hosts, the evergreen trees, 
they drop their yellowish green needles which endrde the 
twig. But the affected tuft continues to grow for many 
years longer, finally resembling a small separate tree, as 
Shown in Fig. 4, springing from the bough. Such abnormal 
growths in the family of firs are due to a micro 80 cq;»loaily 
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small fiingos. Other mischief makers of similar natuts at* 
tack deddnous trees and even fruit trees, mie trlMlieo' 
brooms are especially harmful to our cherry trees slues they 
never bear flowers but usually appear entirely covered with 
green foliage In the midst of a white sea of cherry blossoms. 

The same parasite shown In the witches’ brooni grows 
upon the stately edtite flr which forms whole forests In the 
r^on of the Black Forest and the Vogesen causing a barrel 
like swdllng of the stem and; -upon the branches, thronflh 
whose deeply furrowed cracked bark, the wood is often ex- 
posed, so that It rota and Is broken by storms. Within their 
midst these cancer like growths show fllaments similarly ar- 
ranged Uke the vdned knots of our dedduoos trees which 
certainly owe their origin to other causes. The nature of 
these is not yet fully understood, but a part Is certainly 
played by injuries, such as the sawing off of branches, espe- 
cially by reason of the fact that at such points the appear- 
ance of numerous lateral buds Is favored by the Increased 
flow of sap. It Is true that the more plentiful these buds the 
sooner they die, but It Is Just these dosely compacted rem- 
nants which form a serious obstruction to the new growth of 
wood so that Its fibers become seriously twisted. This Is the oc- 
casion of circular fonnations surrounding knots, of the handsome 
curved lines and the curious convolutions — ^In short of the 
handsome marking In veined bard wood which Is the delight 
of cabinetmakers. Such twists and knots are found in the 
linden and the ash as also in the chestnut, the beech, the oak, 
and many other trees; very often these knots, partly or even 
entirely encircle the trunk and naturally rob the tree of 
much nourishment without, however, killing it. In many sorts 
of timber such knots are frequently found in the roots also, 
especially in those fruit trees bearing fruit with kernels, being 
occasioned sometimes In the first year of the tree’s life 
through the cutting or bruising of the roots when the young 
tree Is transplanted. 

The most remarkable phenomena of this sort, however, is 
the ’Himber rose” (Fig. 6), which resembles a bit of carving 
done by the hand of an artist, but which la caused by the 
Irritation produced by a tree parasite, the Loranthus which 
grows upon the fallen bough. This family, which Is found 
abundantly In the tropica also has a representative in Ger- 


mkny, MW m lrtMtoe, whose eeeqpTMfl foilsge gfsstt hs tk , 
winter upon tbs bars ms hmi At this ttane it Will vhtts 
bcarries which iWhs Bhs pearls smld the flvssn goUl ' lsav ss » . 
If one cmshes ons of these berries a riUW this stlqloi ,l!o jUs 
Angers anfl this shbstsnce csusss ths gmsB Utter ssW he 
ding to the Wks of the tbmalisi, woofl-ptfsoiiif Idadt Mrds 
and other Urda to bs later aerated off vpoa snolhsr twig: 
These seeds are likewise contained tn ths Wflpidf* dt birds • 
and that fall npon branches whets titey fermibata^ their 
roota pmietratlng the bark and their sdons drawing water 
chiefly from the wood, lllstletos grows very dowly but lives 
for a nnmber of years, so thah H efvsocai^ forms 
dusters of as much sa 4 tn. In drcamlerenoek wlildt 
sometimes Qiroat in an upward dlreotW and sometimes 
In a downward direction Horn the ' branches. It ia 
obliged to endMNr itself most secatsly upon Its baity 
sealt In order to Ud deflenoe to ttonna. Wben <me 
touts such an old mistletoe stem together with the branch 
upon which It la located, one sees to rl^lt and left the Imbib- 
ing roots arranged Uke the teeth of a omnb and surrounded 
with wood of later growth. SdU other roots ran tongfliwlas 
along the bark ; these bear germinating buds from which new 
mistletoe plants sprout, especially when only the twigs and 
not the wlKfle branch are removed. This plant la a aingolar 
parasite which attacks about flfdr kinds of trees in Germany 
espedally tiiose with a soft. Juicy bark, like the poplar, the 
apple tree and the flr, but which Injures Its victims com- 
parativdy lltUe: except when a whole forest la attadeed. It 
la rather to be regarded aa a poor beggar atroggling hard fOr 
exlhtimice and making une, even In She wlmter when other 
plants are resting, of every bit of light and heat. In order 
to transform the carbon abstracted 'from the air by its 
leaves and green forked Swigs, Into stardi and sugar— 4n short 
it fights its way through Ufe as hmwtably as possible. Its 
leathery foliage, which poachers employ to lure deer, forma 
excellent fodder, much craved by goats and cows, whose yldd 
of milk it Is said to Increase. Whereas the growth and 
form of the mistletoe are limited by scantineee of space 
and of food supply, yet, on the other hand. It Is true among 
plants, aa wdl as among mankind, that too luxurious living 
results In deformities. Ammig such deformities belongs that 
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peculiar fascination which causes the twigs of a tree to be 
flattened as In the case of our pine (Fig 6), or which may 
even cause the entire plant to take a ribbon-like form. At the 
same time the loaves and flowers are affected, either distribut- 
ing themselves normally but Irregularly or else crowning the 
summit in a very compact cluster. Who could recognize In 
the altered growth shown In Fig. 8 the ordinary meadow 
cressT 

Such a deformity is favored by too rich fertilizing, espoclal- 
ly in cases where the lateral twigs have been injured by the 
scythe or by the nibbling of animals so that the entire 
current of sap feeds the main shoot. This banding or ribbon- 
like form Is frequently found, however, In cultivated plants 
and Is also Inheritable through the seeds as is seen In the 
case of the pretty garden flower known as the coxcomb, so 
called from the shape of Its flowers. Such plants often grow 
very Irregularly and curve themselves In the form of a 
sickle or of a bishop’s staff, when the flat stem does not, In- 
deed, ^)lit into separate bundles through too great a pressure 
of sap, these bundles rolling themselves up like a snail-shell 
The remarkable piling up of tap roots at the base of an an- 
nual, which occnn esipeclally In the pine (Fig 7) is also 
caused by an excess of nutrition. Instead of male blossoms 
uomerons female ones apgieart the little taps of which, how- 
ever, yield fertile seeds. It Is likewise true that •'well- 
situated^ flowers undergo alterations in a peculiar manner, 
not only through the fact that the calyx la transformed Into 
flower petals, many of which are further advanced to the 
rank of stamens, - . . but still mote strikingly in a decompo- 
sition of the flower Into Its parts. As a consequence of this 
the calyx is followed, separated by a large intermediate 
space, by the petals, then by the stammis In the next hlflher 
position, and finally, crowning the whole of the ovary with 
its plstlL Many garden lovers have inobably also been struck 
by the curious fact that it sometimes happens that from 
the'mldst of a fragrant rose the flower axis extends bearing 
amidst gregEt foUage, a second rose, while thfa second rose, 
perhaps, er^ed by a bud through a similar ex- 

tenskm of BraWdt. A rose king I According to the popular 
' noHon this Is an omen of bappiaess and sometimes of mar- 
riage udisn It ,IA found In the eprlng of the year; when It 
appedra In the aidumn, however, It signifies m^ortune, which. 


huwever, may be turned aside according to suiierstitlous belief 
by pluckln'g the messenger of evil secretly and silently and 
throwing It backward over one’s shoulder. Of quite other 
origin, however, are the rose apples or “sleep apples," cov- 
ered with green or red moss, which even today anxious rustic 
mothers put under the pillows of their little ones with the 
fond idea that they can ttius protect the latter from cramps, 
or any othdr disturbance of their slnmbers. These so-called 
“sleep apples’’ are in reality the nurseries of the tiny rose 
gull wasp, whose larvae one may find by cutting Into such 
galls — the word gall being a collective name for this sort 
of formation (Fig. 9). These galls are legion, In fact, since 
the oak alone is attacked by 160 (more or less) different 
kinds of gall, each produced by small wasps or gnats. Among 
the best known of these are the green, red cheeked gall apples 
and the small lens-llke bodies which are oftm found, even 
on the same oak leaf as the former, and which In many 
autumns cover the ground of the forest as thickly as If they 
had been scattered by the hand of the sower. Thus, the 
plant furnishes, probably because of the tiny drop of poison 
which enters its tissues when It Is pierced and, perhaps, also, 
because of the Irritation produced by the eggs and tbe-larvae, 
not only nourishment to the intruders hut also a comfortable 
residence to protect them — one of the most wonderful Chap- 
ters in the history of nature! 


A NBW VBOBTABLB IVOBT. 

A KBCEN'i nnmiber of the French Bulletin of the Colonial 
Office gives a description of a new form of vegetable ivory, 
wbldt can he used in Buropean Industry in iflace of the Coroso. 
This new substance Is produced by the kernel of an edible 
fruit growing upon a palm of the upper Senegal-Btger terri- 
tory, the Boro$tu$ etMapieutn. The kernel Is 7 or 8 cm. long 
and 5 cm. broad, thna permitting the cutting of halla or plates 
of consldeiraure size to be used In marquetry, or the making of 
dominoea, piano keys, buttons, etc. The kernd becomes eoc- 
trMuely hard when thoroughly dried as a proof of tills it la 
stated that It Is at the present moment being used as build- 
ing stones for the making of the housM of native dilets, 
while It le expected that (Im future cathedral at Dakar will 
have tinted iflllars conetrocted of these same kernels. 



Efficiency of Aluminum Leaf oi)' Airplane Propellers 

Tests Conducted at the Forest Products Laboratory, Madison, Wisconsin 


By A. C. 


W HBN varnishes and oil finishes are applied to faral* 
ture or cabinet work, not only are they expected to 
give It a pleasing appearance and to preserve the 
grain, but the belief Is general that they prevent moisture 
from entering or leaving the wo6d. Commercial tests to deter- 
mine whether varnish Is waterproof consist of immersing 
varnished pieces of wood In water and noting the change in 
the color of the varnish. Varnishes which do not turn white 
under such tests are pronounced water-proof. Spar varnishes 
have shown the least tendency to turn white nnder such a test. 

Experience during the war showed that a water-proof coat- 
ing was an important factor in keeping airplane propellers 
serviceable. Propellers not given a water-proof covering 
changed their moisture content with varying atmospheric 
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conditions and conaequently warped, lost balance, went out 
of track, or changed the slses of the hub holes so that they 
would neither fit properly nor give satisfaction when put into 
service. Linseed oil proved Ineffective In preventing these 
diauges, and even after spar varnish was used propellers still 
WMt 'i>ad" rapidly and the number of rejections was labge. 
In brder to ellmlnlite any factors which might cause changes 
of ahape in propellers, manufacture was subjected to rigid 
Inepectlon, and dose matching of material and conditioning 
to uniform moiature content was insisted upon more and more. 

A laboratory for making experimental propellera for tho 
United States Army and Navy and for trying out various 
propeller coatings was established at the Forest Products 
Laboratory, Madison, Wls. Many propellers were made up of 
selected and conditioned material. Others were made of kiln- 
dried stock on a prodnctton schedule. After being carved out, 
these propellers were given protective coatings of spar varnish 
or of aluminum leaf. The spar varnish coating was that 
commercially used for propellers*, while the aluminum leaf 
was a coating developed at the Forest Products Laboratory. 
It ooBslsts of sheets of beaten aluminum foil, applied to a 
tacky varnish surface. Enamel or varnish ts applied over the 
l|8af to protect It from mechanical wear. After being given 
these finishes, the pn^llers were placed In rooms In which 
the atmosphere was controlled to approximate cUmattc con- 
ditions In war sons sectors. The propellers were weighed and 
measured Ift frequent Intervals to determine the water-proofing 
ability of ' the coatings, and, If the moisture content changed, 

•Asastaat Bailnewr la Forwt 'Prodoets, Forest Products Labora- 
tory, Foroet Bcrvlco, U. 8. Dwartmcnt of Afrlcnltura^ Madloon, Wls. 

^Standard opoallleatloaB— U, & Air Sorvlca. 
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to determine bow seriously the blades would warp or the 
propeller lose Ka balance. Over 2B0 pn^ellwa of seven dif- 
ferent Bpedes ttf wood have been made and are beliig given 
these cltmatle teats. 

In Fig. 1 are shown tile resnlts obtained on two propdlers 
which u'ere made under favorable manufacturing oonditlona 
but given different finish coatings. The wood, qnartar-sawed 
northern red oak, was carefUly klln-drled, mattiied tor uni- 
form density and conditioned to uniform moisture content be- 
fore bdng glued up into propeller blocks. After roughing 
out, these blocks were stored for a month in a room hSld 
under uniform conditions before they were carved out to 
final shape. During this period conditions within the pro- 
peller reached equilibrium and any warping accompanying in- 
ternal changes would be cut away in the final shaping. 

One of these propeller was given a spar varntah finish, the 
other an aluminum leaf finish. Both were then placed in a 
room In which the temperature was contlnnally held at 80* 
F. and the relative humidity at 00 per cent When the meas- 
urements showed that both propellers were remaining un- 
changed in shape or weight they were moved to a room In 
which the r^tive humidity was held at 90 per cent and the 
temperature at 80* F. 

The propter covered with spar varnish absorbed moisture 
rapidly, and the blades warped a corresponding amount. At 
the end of 80 days It had increased 1.6 per cent In molstnre 
content and one blade had warped enough to cause the rejec- 
tion of the propeller from service. After having been In the 
humid atmosphere for 180 days, the moisture content bad In- 
creased by 4 per cent and one blade had warped 1.0 degrees, 
four times the error permitted In manufacture, while the 
other had also warped beyond the prescribed tolerance. The 
moiature failed to penetrate the covering of aluminum leaf, 
however, and the second propeller weighed practically the 
same after 180 days of teat as It did at the beginning. Its 
blade angles remained undianged, and Its tracking and balance 
were within the limits set for manufacture. 

The reaulta on these two propellers were substantiated by 
the results on all other propellers made under similar condi- 
tions. Spar varnish was clearly shown to he an Ineffective 
water-proofing agent, although It retards the absorption of 
moisture to a great mctent. 

The same grade of mar varnish finish was applied to prac- 
tically all airplane propellers made in the United States and 
sent to France for service, therefore they were as subject 
to moisture changes as these test prcp^ers Propellers in 
servloe in France normally have a moisture content from 6 to 
8 per cent hlghw than that at which propellers are manufac- 
tured In the United States- After reaching France American- 
made propellers would ultimately increase in molatare con- 
tent by this amount, and would warp more severely than the 
varnished test propellers. Whmi moisture changes are pre- 
vented, aa In the case of the propeller covered with aluminum 
leaf, practically no warping or change In shape takes place. 
While the tendency of 4he wood In the propeller would be to 
increase from 6 to 8 per cent In nufisture content the aluminum 
leaf would effectively prevent such an absorptimi of moisture. 

These first two propellers had been made of selected ma- 
terial, carefully klln-drled and conditioned before manufae 
tore, the efficiency of aluminum leaf in ma king propellers 
water-proof was farther tested on two propelleiu made under 
unfaTorable conditions. Bejected material, Oat-sawod red 
oak, whtdi was checked because of Inmroper kiln-diylng, was 
glued up, without previous eondltionlngi into two pnm^ler 
blocks. After being carved out, both propellera were given 
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an alumtsiua leaf Almost imiqedlately tblil wu 

cracked by ibe cbecka wbich were formed In the s^od daring 
the process of motatare eQnalisatlon, After being covered 
with alumlnnm iMf. the cracks optmed again. Ibe propeUers 
were finally placed In testing coonsa one in a warm, dry room, 
the otber In a warm, moist room. Figures 2 and 8 show the 
behavior of these propellers during the test. The blades of 
both propdlers changed somewhat during the first days of 
the test After approximate equilibrium was reached, how- 
ever. they remained well within the tolerance throughout the 
remainder of the 800 days. Both propellers remained within 
the tolerance for tracking of blades after the interne! stressea 
were equalised, and one propeller remained in balance through- 
out the teet, while the other developed a slight lack of 
balance. 

Since the initial warping of the blades was not accompanied 
by a change In moisture content it was undoubtedly the result 
of conditions within the wood which were not allowed to come 
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la aervice as in spar varnish finish. While the leaf may 
soon be worn oK when once the propeller is put Into service^ 
It will keep the propeller true to shape during transit and 
storage, thus Insuring the flyer a serviceable prop^ler when 
it reaches him, while one covered with spar varnish may be 
twisted enough to be rejected. Furthermore It would be as 
simple a matter to repair the aluminum leaf coating as the 
spar varnish. In any event, the life of a propeller in service 
Is usually short compared with the time spent In transit and 
storage. 

As has been shown In the case of the two propellers made 
of rejected material, aluminum leaf cannot be used to bide 
unreliable manufacturing methods. Changes In shape are 
certain to follow euch methods. If aluminum leaf were used 
tt would be entirely practical to devise specifications with 
smaller tolerances and thus secure a better finished pi;pdact, 
with the assurance that the propeller would remain within 
this tolerance for a long time after leaving the factory. 
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to equilibrium before the propellers were carved. After op- 
proxlmate equilibrium was reached the propellers remained' 
nearly constant in shape end balance. That the aluminum 
leaf was effective in preventing the absorption or giving off 
of moisture by the proi>eIIers Is shown by the fact that in 
spite of the cracks the change In moisture content was small. 
Had the propellers been placed In these rooms vdthout a 
finish, the difference in moisture content between the two 
would have reached 0 or 10 per cent. After 300 days of test, 
however, the total difference in moisture content was only 2 
per cent. Had the coating of leaf remained intact, this 
difference would have been much less. 

These two pp^iellers were manufactured under conditions 
less favorable than would ordinarily occur in commercial pro- 
duction. Although they warped and changed somewhat, they 
did not exceed) with one oi'* two exceptions, the manufacturing 
tolerance. 

While Kiar varnish has been shown by these tests to be 
rather Ineffective as a water-proof covering when applied to 
pit^Uen, aluminum leaf has shown an extraordinary ability 
to realst the tranemlsalon of moisture, and to protect pro- 
pellers effectively from external moisture conditions. Even 
when made under unfavorable conditions and of rejected ma- 
teriel, propellera covered with aluminum leaf did not warp 
enough to become unserviceable whra subjected to extreme 
climatic condlttons. Propellwa made under favorable condi- 
tions and covered with alumlnnm leaf gave very slight Indica- 
tions of warping or other defects. 

The cost of covering prop^ers with aluminum leaf Is no 
greater than for spar vamlah, while the time required can be 
reduced to two4blrd» of that necessary for applying the spar 
varnleh. The weight ct leaf Is Insignificant; less than one- 
thlrtleth qf an ounce, coattng about fifty cents, entirely covets 
a propdleu. 

The alumluten leaf coating le as capable of resisting wser 


It can be quite safely said, then, that the aluminum leaf 
covering is in all respects as good and In most respects much 
better than spar varnish. Compared with spar vamlsh, alumi* 
num loaf lasts as long In si^rvlce, its cost of application la no 
greater, the time required for finishing Is reduced by one-third, 
and as a water-proofing agent it has shown Itself to be Im- 
mensely superior. 


PROPOSED WATERWAY FROM THE ADRIATIC TO THE 

BLACK SEA 

Itaxt Is seriously concerned over the shortage of coal. The 
English markets, whence she has heretofore obtained tile 
bulk of her fuel, are partially closed and in this extremity she 
Is forced to look elsewhere for obtaining the equivalent of the 
83,000 tone of coal at present required every month for main- 
taining her Industrial activity. 

It has therefore been suggested that steps should be taken to 
utilise the Danube for connecting up the Adriatic with the 
Black Sea, -thus assuring to Italy an adequate supply of liquid 
fuel from the oil fields of Rumania and those bordering the 
Black Sea and In the Basin of the Caspian. The so-called 
Adriatic-Black Sea Line would follow the course of the Danube 
from the Black See to Belgrade, where It would branch 
off up the Save as far as the confluence of the 
River Kulpa. 

Ftom this latter point, two routes are poeelble, vis. : by render- 
ing navigable either tbe upper course of the Save from Slaa^k 
to Lubiana, or the Kulpa from Slesek to Venice. A third 
method of getting over this final section would be by canalising 
the Drave from Mairhurg to Klagenfurt and ViUacco, and 
connecting up the valleys of the Drave and tbe Upper Teglla- 
mento by a new canal. (Padue, L'Jtalia Mare, Nov., 1919. 
Abstracted tbrougb The TeOhiUeat Review.) 


"Bumpiness” in Flying* 

Effects of Winds and Other Weather G>nditioii8 on tho Fli^t of Airplanes 

By Charles Brooks and Others 


I N a mutual discussion of the meteorological aspects of 
aviation the aviator and the meteorologist obtain much 
valuable .information. The aviator tells the meteorolo- 
gist his experiences with various air conditions, and the 
meteorologist attempts to explain how such conditions are 
produced, how best to avoid the unfavorable ones, and how 
to take advantage of the favorable. Furthermore, the in- 
formation which the aviator can give the meteoroloi^t heli>s 
to explain many doubtful weather phenomena which the 
meteorologist has not been able to observe personally at close 
range. To obtain facts essential for this paper, about 60 
experienced aviators have been consulted. In several cases 
Signal Corps meteorologists themselves have made flights or 
have prevailed on others to investigate carefully certain points 
about which further information was needed. 

We have attempted to classify these experiences under 
the headings: (1) surface wlnds^ffects of local heating, and 
effects of surface configuration; (2) winds of the free air, 
turbulent wind boundaries, and flying In clouds and rain; (3) 
thunderstorms. 

SUBTACK WINDS — LOCAI. CONVKCTIONAL CURHBNTB. 

Experiencct of Aviatort, — A most common experience of 
aviators is daytime bumpiness. The bumps in the air may be 
described in terms of thoee felt while riding in different kinds 
of automobiles on roads af varying roughness. 

The aviator may be experiencing moderate bumps and sud- 
denly encounter one sharp enough to “throw the fire extin- 
guisher Into my lap" or to "set the ship nearly up on end ’* 
Then there may be a little more smooth flying until suddenly 
the support seems to disappear, (he propeller appears to give 
no headway, and down goes the airplane. A bump may an- 
nounce the boMom, and the aviator slowly climbs again to 
his proper level As seen from the ground on a "bumpy" day, 
the airplane idlts from side to side to a maximum of SO* from 
the horlsontal, end now and then some sharp up or down 
motion is (Uscernible. The tilts may give the ship a side slip, 
which will sometimes be suffldent to remove it from one 
side of a y formation to the other. When such a aide slip 
occurs too near the ground, one of the airplane accidents 
characteristic of a hot day In the South occurs. 

In general, there appear to be differences of opinion among 
pilots. All say that for ordinary bumps a change of 60 feet 
is common. A change of 200 feet is experienced at times, 
and occasionally an aviator comes in with a story of having 
risen or fallen 600 feet. The larger and faster the airplane 
the less is the chapge of altitude due to bumps. Most of the 
aviators say that unless flying in formation, it is impossible 
to tell the amount of up or down motion with ^ bump or in a 
"hole" without watching the altimeter. 

Most bumps in the air occur near the ground and on bright, 
hot days. In the northeastern United States, 8,000 to 6,000 
feet is the upper limit of bumpiness on a summer day, though 
In very hot weather, bumpiness, sometimes extreme, occurs at 
elevations even above 8,000 feet. In Texas the air is bumpy 
sometimes to more than 10,000 feet. In winter the usual 
limit of bumpiness at Ellington Field, Texas, is 1,500 to 
2,000 feet Ordinarily, however, the extremely bumpy condi- 
tions are within 600 to 2,600 feet of the ground or Just under' 
and about cumulus clouds. 

The places where bumps occur are well known to aviators. 
Roads, .railroads, edges of plowed fields, forest edges and 
clearings, bam roofs, hangars, (Htches, borders of swamps, 
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shore lines, aU give bumps, the sources of which can be 
idmitlfled genenally to 700 or 800 feet, and on calm days 
occasionally to 2,600 and even 3,600 or more feet The bnm|w 
associated with macadam roads and other hot places are pet 
necessarily directly over the road, but to leeward at a distance 
depending on the velocity of the wind and the height of the 
airplane. Some aviators at Rldi Field allowed for fUl of 
about 15 feet In crossing a sunken road la the vidnlty of the 
field. Railroads have the same effects as roads. Oiesks seem 
to have down currents over them. 

As to conditions along the ooast, the following statement 
by Donald B. Kimball, a naval aviator, shows the effect of 
difference In convection over water and land surfiices: 

“The air over the shore line of islands or protrudlBg necks 
Is especially treacherous on hot days, for violent bumps may 
catch the pilot unawares after navigating through the smooth 
air over the ocean [especially In such places where the water 
la rather cold relative to the beach, as at San Diego, Oal. 
The shore-line bumps of Obeeapeake Bay, and the Gulf of 
Mexico may be scarcely noticeable In late summer.] As a 
rule, the depth of these bumps extends noticeably to about 
1,600 feet, very rarely above 2,000 fbet, the violence varying 
indirectly with altitude. These conditions are somewhat 
altered If cumulus clouds tend to form. The region Just under 
and within (he clouds la probably bumpiest of all and there 
appears to be a sharp decline in violence on climbing above 
the clouds. On a clear, hot day it Is not an uncommon feat 
for a perfectly balanced machine to fly several minutes at alti- 
tudes under 1,000 feet without having the foot controls moved. 
On suCh a day I once even saw a pilot step from the front 
seat to the wing and thence to the rear seat at an altitude 
of about 75 feet. Such a feat would be almost sutcidal in 
land flying on a hot day.” 

Explanation of Bumpmets . — ^The local vertical currents 
which occur on warm days are the result of the unequal 
heating of the lower air The air next to the ground gets 
hot; and, therefore, expands. Over a bare, dry field the 
heating is greatest. Thus, the surface air locally may become 
considerably lighter than the cooler air at the same level or 
even above; and so at the first opportunity some of this 
heavier air moves laterally or comes down and forces some 
of the lighter air to rise. On a quiet day at the earth’s sur- 
face the movement of this cooler air Is marked by light, 
variable winds Interspersed with calma The process of dis- 
placement is intermittent. When there Is a wind blowing, 
the occasions when the cooler air moves toward the warmer 
places are marked by gusts or slack wind. These gusts are 
the result not only of the combined strength of the horlsontal 
componeuts of convectlonal winds and of the general wind, but 
also of the quick, down movement of air, which has a higher 
velocity than the friction-limited wind next to the ground. 

The reason for the bumpier conditions In the middle of 
tbe day and for the greater bumpiness In Texas than else- 
where Is now apparent—- the hotter the lower air rtfatlve to 
that above, the stnmger ate the convectlonal currents and 
the gustier the wind. The reason for the decrease In bumpi- 
ness aloft is that near tbe earth there are likely to be the 
steepest tempmrature and wind velocity gradients. Again, 
the upper Unfit of bumpiness Is the upper Umlt of the oon- 
vectlonal columns of detached masses of rising air; and in 
mudi of Texas, at least, the tops of the convectlooal upcur- 
rmits are martted almost dolly by Che tops of eumulus douds. 
(Of. Flga 1 and 2.) The locations of bumps over toads, rail- 
roads, {flowed fields, npota in wood^ eCe., depend on 
the differences in the degree of heating of dlflsreiit parts 
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of tb* ItiidiKapB. Tb« roAd g«tfl taottee tban ttie lUlds on 
eltb*r Md«, Asd AO tb« Air from both aides flowa toward, and 
dUpUoM OFiNufl, tbA air oyer the road. (A, Fig l.) Flowed 
fletdA are llkenlAe better than the earrouadlntr fields, beeanae 
tbetr dartc, looee anrtacea aboorb so much moire heat, and 
ocAdiKt downward ae much leas heat, than the surfaces of 
uDjplowed fields. Opna woods favor bumpiness because some 
parts becQiae hottmr than others. (B, Fig. 1.) 

Isolated hiUs, especially short or conical ones, should be 
avoided during warm, stlU days, for on such occasiims their 
aides ate certain to he warmer than the adjacent atmosphere 
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at the same level and hence to act like so many chimneys In 
producing updrafts. (O, Fig. 1.) 

The rising currents are interesting, not only bocause of the 
way in which they distuib airplanes, but also because they 
may be utilized by aviators who are trying to make altitude 
in the shortest time. Many use a rlring air column that 
forms the cumulus, but they claim that many acctdents have 
occurred because of the uncertaintleB of its direction and 
action. An aviator who has flown, over an active forest 
fire never does so again, if possible. 

Down currents, marking the movement of relatively cool 
air over ponds (D), lakes, and clumps of trees (B, Fig. 1), do 
not have the marked velocity of upward currents, but are 
more dangerous. Their boundaries may be sharp enough for 
an airplane to fly with one wing in and one vrlng out of the 
descending current 

EVFBCT or TOPOOBAPBY ON WINDS. 

The effects of heating and cooling of the earth’s surface 
upon the flow of air la not the only cause of tuxbuloice, for 
there is the effect of topography, which Introduces phenomena 
quite as dangerous and distressing to the airman as convection. 

Aviators* Eaporienoes . — Roughnesses (Including trees and 
buildings) of the surface produce eddy motion, which In a 
moderate wind will reach to 1,000 or 2,000 feet and In a 
strong wind to 8,000 feet or more. 

During a gale the edge of the woods near Houston, Texas, 
is marked to a height of 1,000 or more feet. Bad bumps have 
bean felt 2,600 feet above and to leeward of hangars on a 
windy day. 

Neumen reports that on days with high winds In eastern 
‘Maryland “the air (up to 10,000 feet] seems to be moving In 
great horizontal eddies or roUs similar to the rolling of ocean 
waves. The air ptane rocks Just like a towboat In the sea.” 

Many pilots have been questioned regarding the effect of 
topography upon the action of their jAanes at various alti- 
tudes. In, addition to the natural configurations of the 
ground, there are also the effect introduced by buildings, 
groves of trees, and other obstacles over which tlie wind must 
pass. The general opinion Is that these effects do not extend 
upward nearly ao far as strong convection does, except, per- 
haps, in very rough mountainous country or with winds of 
gale forcp. It appears alao that the altitude to which such 
disturbances may extend la proportional in general to the 
wind velocity and the else of the surface Irregularities. 

Lleatanant B. W. Addiaon saya when passing over buUd- 
logs, grovea of trees, or similar obstacles bumps are 
generally egperimibed, their extent being influwced 
mainly by the Btrei«th of the wind. As obstades 
of tMa character ere apinoadted with a following wind 
tha uHifhlne will lift and drop vrlth equal auddenneaa on the 


other side. If approached head to wind the oonveree will 
take place— the machine will probably drop* somettmes nearly 
to the ground, jnst before rendilng the obstacle, and rise aa 
It leaves It. This seems to be due to the fact that whan the 
wind strikea the obstacle It shoots upward. (Fig. 2.) It , 
would be dllBcult to say what hel^ this updraft generally 
reaches, but the writer’s experience Is that U gees np wAU 
above the actual height of the obstacle, and Is “flattened out" 
on the other side, where there Is often an anmfstakable down 
current 

The turbulence caused by hills or mountains depends largely 
on the local topography and on the winds concerned. Point 
Lome, near San Diego. Cal., glvea birth to marked turbu- 
lent conditions over and to leeward of it 

An aviator flying at 8,800 to 4,000 feet Inland from San 
Diego with the wind, passed over some mountains 2,000 feet 
high. On the lee side he was forced down, or fril, 1,600 
feet The prevailing rioud sheet at 4,000 feet gave from 
below no notable indication of such a current, but It seema 
probable thaf the upper surface would have shown where 
the wind was up and where down. The upper surface of this 
“veto’’ (stratus) cloud sheet Is usually uneven; but this 
aviator on other occasions had not hajmened to find how to 
tell from the form of the ctond surlhce the underlying to- 
pography. 

The air over a mountain region is usually turbulent Oapt 
F. N. Bartlett, In a flight from Scott Field, IlL, to KMly 
Field, Tex., a year ago had nine hours of dlfllcult flying over 
the Ozarks between Bberts Field, Ark., and Post Field, Okla. 
This turbulence attendant upon flying over the Ozarks was 
strongly manifest in a recent balloon trip from Fort Omaha, in 
which It was desired to maintain a constant elevation of 6,000 
feet above sea level. This was found absolntely impossible 
and the balloon often was dragged down to within a short 
dlMance of the ground, or caused to ascend again, almost 
out of the control of the pitot The accompanying balloon 
at 10,000 feet was but little affected. On windy days over 
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rough topography, bumpiness has been generally observed to 
4,000 feet 

Lieut R. O. Searles, the flight commander of tbe De 
Haviland squadron, which made tbe trip from Ellington field 
to the Paclflc coast and back, related that on tbe 24th and 29th 
of February, 1010, It was not possible to enter the Grand 
Canyon with a plane, but tbat It was easily possible on the 
26th. Sergt E. B. Scott Indicates this was doubtless due to 
the pressure distribution on those dates, for on tbe 25th 
the gradient wind was not of great speed and, moreover, con- 
formed with the direction of the canyon, whereas on the pre- 
ceding and following days the pressure gradient was steeper 
end tbe wind dlreetltm was such as to produce great turbu- 
lence In passing across tbe canyon. It has been reported tSurt 
In a strong south wind the badc-and-up current of the eddy 
In tbe lee o fthe south waU of the canyon has carried tin 
cans up tbe cUtt and Into the yard of tbe hotri. 

Interpretations. — Wind Ftfdlei.— “Just as eddies and whirls 
exist In every stream of water, from tiny rllla to the great 
rivers and even the ocean currents, wherever the banka are 
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such » gKtttly to change the direction ot flow, and wbwever 
there la a pocket ot considerable depth and extent on either 
side, and as similar eddies but with horlxontal Instead of 
vertical axes occur at the bottom of streams where they flow 
over ledges that produce abrupt changes In the lev^ of 
their beds, so too, and for the same general reasons, hori- 
zontal eddies occur in the atmosphere with rotation propor- 
tional, roughly to the strength of the wind. These are most 
pronounced on the lee sides of cuts, cliffs, and steep moun- 
tains ; but also occur, to a less extent, on the windward sides 
of and above large obstructions.'” 

"The Inertia of the wind crossing the mountains tends to 
carry It on well above the valley or plain beyond, but its 
drag on the yower air, due to viscosity, deflects It downward. 
(Fig. 3.) Because of this deflection a foehn wind often 
strikes the lower slopes with great violence, from whieflt, 
and mainly because of Its dynamical beating, it rebounds to 
higher levels. Along a belt, therefore, well down the moun- 
tain, or even slightly beyond Its base, the surface wind may 
be etceedingly turbulent and violent, while both farther away 
and also on the higher (dopes It is comparatively light. Fur- 
thermore, owing to changes in the general direction of the 
crossing current, or In Its strength, or both, the wind belt 
may shift up or down the mountain or even vanish entirely.” — 
IF. J. ffutnphret/s. 

“The air et the top and bottom of wind whirls is moving in 
diametrically opposite directions — at the top with the parent 
or prevailing wind, at the bottom agalrut it — and since they 
are close to the earth they may, therefore, be a source of 
decided danger to aviators. There may be some danger also 
at the forward aide of the eddy where the downward mo- 
tion Is greatest. 

"When the wind Is blowing strongly landings should not 
be made, if at all avoidable, on the lee side of and close to 
steep mountains, hills, bluffs, or even large buildings, for 
these are the favorable haunts, as Just explained, of treach- 
erous vortices. The whirl is best avoided by landing in an 
open place some distance from bluffs and large obatruotlons, 
or, if the obstruction is a hill, on top of the hill itself. If, 
however, a Ikndlng to one aide Is necessary, and the aviaitor 
has a choice of sides, other things equal, he should take the 
teindward and not the Ice side. Finally, if a landing close to 
the lee side is compulsory, he should if possible head up the 
hill with auffMent vetoettp to offset any probable lose of 
support due to an eddy current la the same direction. He 
could, of course, avoid loss of velocity with reference to the 
air, and therefore loss of support, by heading along the hill, 
that is, along the axis of the vortex, hut this gain would be 
at the expense of the dangers Incident to landing in a side 
or cross wind. His only other alternative, heading down the 
hill, might be correct so far as the direction of the snrfkce 
wind is concerned, but it probably would entail a long run on 
the ground and its consequent dangers 

"lOddlos of a very different type, relatively small and so 
turbulent as to have no well-deflned axis of rotation, are 
formed, as is well known, by the flow of strong winds past 
the elde or comer of a building, ateep cliff, and the like. 
In reality such disturbances are, perhaps, more of the 'breaker' 
lyp^i presently to he explained, than like a smoothly flowing 
vortex, and should be avoided whenever the wind Is above a 
light breese. 

"Oleariy, the support to an airplane flying either with or 
against a wind of this kind Is correspondingly erratic, and 
may vary between sneh wide limits that the aviator will find 
himself in a veritable nest of ‘holes' out of which it is dlifleult 
to rise, at least with a slow machine, and sometimes dange^ 
ous to try. However, as the turmoil due to the horisontal 
winds rapidly decreases with increase In elevation, and aa 
the aviator’s safety depends upon steady conditions, or upon 

(Bmophreyi, W. J. "Winds Advwse to AvUtlon,” ate., manuscript 
eoUrgsd from paper publiahod as Chapter IV, la s Iteaual ot Aerog- 
raphy for the Valted Stataa Navy, 1918. 
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the vMocity of bis ma«Mne with refennee to the alnwapheta 
and not with relerenoe to the gnrai^, K la ohvleaa that the 
wlndiw It 1S| the bilker, In general, the minimum level at 
which he Should fly."\ 

Effect of yasft.— Aside from the obvious ejects of vertical 
currents, already dlscassed, the mere dianges of vctocKy lb 
a horizontal direction that accompany the paseage of gusts 
tend to produce an up-and-down motion In an alrplsne flying 
with or against the wind. If the airplane Is flying with the 
wind, any Increase in the velocity of the wind will momen- 
tarily reduce the support of the airplane, thereby causing it 
to drop, while any decrease In velocity will momentarily in- 
crease the air speed of the machine, tending to make It rite. 
The reverse is the case if the machine is going against the 
wind. 

This is because in a steady wind an airplane Itaelf moves 
as If In a calm. Thus if the wind is unsteady the number of 
gusts encountered in a given time will be the same whether 
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there la a following or a head wind. And If, as the anemo- 
meters Indicate, gnata have no more abrupt onset than md, 
the effect of a guet from in front or of a lull from bdilnd 
should be the same. Nevertheless, avtatore say they can toA 
the difference between a head wind and a following one, and 
that they climb fastest against the wind. Soaring birds have 
the same experience. This would seem difflcolt to explain In 
any other way than that gusts begin more suddenly than they 
end. Apparently, we need more refined observation to show 
what the difference is.* 

BJTecf of ytwfiness on o turning airplane . — ^Probably the 
chief disturbance dne to gusty wind — excessive tipping and 
side slipping— occurs not during straightaway flying but as the 
aviator turns at low Isv^ from flying against the gusts to 
flying with them. 

WINDS ON TBB VBXB AIS: TVBBUUtNT WIND BOVNOaOIKS. 

The dURcuItleo of the pilot do not cease once he has risen 
above the turbulmice of the lower air prodneed either by local 
eonvectlonal currents or by the tumbling of the wind over 
the surface of the earth. There are numerous accounts by 
aviators wbl<h ttil of wind boundaries whldi are entirely 
invisible. 

"Ordinarily there is not more than 100 feet of turhulence 
on wind boundaries. The boundary separating two winds 
is easily noted by the great disturbance, and bumpiness, the 
vlolmce of which depmids on the vdoclty of the winds. In 
many instances the change of winds will be Just above where 
the cloud layer is forming or slightly above the haze.”— 
E. M. Powera. 

“Wind la/gera . — ^For one reason or another It often happens 
that adjacent layers of air differ abruptly from ea<h other 
in temperature, humidity, and density, and therafore, aa ex- 
plained by Helmholtz, may and of^n do glide over each 
either in much the same manner that air flows over water, and 
with the same general wave-producing effect These air 
waves are seen only when the humidity at the interface is 
sudi that the slight difference In temperature between the 
creets and the troughs is sufflcl«it to keep the one cload 
capped and Oie other free from oondenmtton. In abort, tha 
humidity condition must be Just right Olearty, than, thouih 
such clouds often occur In beaotifal parallel tows, adjacent 
wind atraita of different velocities and ffiMx cooaagnant air 
billows mast be of tar moia frequent oeenmnoa. 

•Atotiaet from C. C. Turner, Aaren. /eum. (Lendea) M: 9884, 
1918. .r * 
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•*TW^ tect Is sbaodsnUy proved by all types of aeroloxioal 
woifei Hi well i^s by all Oiow who ascend Into the air. Kite 
balloons in asoe n jl ln y are oft^ seen to rotate, pointing their 
noses la various directions, indicative of various wind dlrec- 
tioos at different levels, yet there may be no cloud layer at 
the lotetfaes to mark it Free balloonists make use of these 
layers of air, which may have differmit directions and speeds 
In ordte to aid them in achieving whatever result they seek, 
such as distance or a given destination.”' 

“Wind billows.'^When one layer of air runs over another 
of different density billows are set up between them, as la 
(rften tiiown by windrow clouds. However, the warning clouds 
are comparatively seldom preswit, and therefore even the cau- 
tious aviator may, with no evidence of danger before him, 
take the very level of the air billows themselves, and before 
getting safely above or below them encounter one or more 
sudden changes In wind direction and velocity due, In part, 
to the eddy-Ilke or rolling motion within the waves, with 
chances In each case of being deprived of a t>ortion of the 
requisite sustaining force. There may be p(>rfect safety In 
either layer, but, unless beaded Just right, there necessarily is 
some risk In going from one to the other. Hence, flying at 
the billow level, since it would necessitate frequent transi- 
tions of this nature, should be avoided. 

"When the billows are within 300 meters (1,000 ft ), say, 
of the earth (often the case during winter owing to the preva- 
lence then of cold surface air with warmer air above) they 
are apt to be very turbulent, just as, and for much the same 
reason, that, waves In shallow water are turbulent. For this 
reason, presumably, winter flying sometimes Is surprisingly 
rough. Fortunately, however, It Is easy to determine by the 
aid of a Bultable station barograph whether or not billows are 
prevalent In the low atmosphere since they produce frequent 
(6 to 12 per hour roughly) pressure changes, usually of 0.1 
mm. to 0.8 mm. at the surface."' 

cijOUds and rain. 

Flying In clouds or alK>ve them Is the choice of the aviator 
over enemy territory more than over friendly country. How 
the aviator In the United States feels toward the clouds is 
well shown by the classification of the weather conditions 
under which the postal aviators between Washington and New 
York have to fly. In succession these are— ideal, fair, occa- 
sional cloui'k, frequent clouds, high winds, thick cloudli, 
thick clouds and high winds, rain storms, combination of 
storms and heavy fogs. Clouds are generally avoided becaqse 
one cannot see where he Is going nor keep right side up. 
Cumulus clouds, particularly those with hard-looking outlines, 
are avoided because of their bumpiness, coldness and foggi- 
ness; also, not Infrequently because they have falling rain. 
Such clouds are usually roughest and wettest at their bases. 
A full account of "linger In flying through clouds,” by 
Capt. B. 0. Huchs, was presented to the Aeronautical So- 
ciety of QtiHt Britain, and reprinted In Scrai^Tirio Ambbioan 
SumBUBNT, June 15, 1918, page 876. 

Strato-cnmnlua clouds and cumulus clouds with fussy edges 
have weaker ascensional currents and are less bumpy to fly 
through. Aviators In flying about such cumulus clouds can 
easily lop oft oomers and even make small clouds evaporate 
by flylag through them. Some cumuli have cavities 1,0(X) 
feet high In their bases. 

Flying In the rain Is avoided, If possible. Bven In mid- 
summer in Texas, at 7,000 feet In the air, an aviator flying 
through a rain eload felt so cold that he described the rain 
dn^N as “Ice partldes.” The impact of rain drops Is sufll* 
ele^ to make them feel solid. On this occasion, thers was a 
conoldevahto ooUsetlon of water on the airplane. The weight 
of rain water «aa hardly affect the performance of the air- 
plane madi. unlsas the freess on. In the spring of 1918 
an aviator In Tegcaa had each an experience during a shower ; 
he flew ap lAtd a cloud until at 7,000 feet his alnflane bad 
heconia eo c overed -with ice that he coaid go 'no higher. The 


effect of rain on riie pn^iellor Is destructive. The pxoprilar 
moves at such a high velocity that unless iqieolally protected 
the rain drops cat It as If they were bullets. 

Aside from the general unjfleasantness of flying In raili, the 
water may cause faulty engine action by getting Into tlM 
carburetor aud the Ignition system. As to general turbulence 
within clouds, there Is very little definite Information ftom 
aviators because the propeller so violently cliaras Op the olr 
In the nelghborhcod, and this mixing is often sufilclent to 
mask any real amall-scale turbulence that may exiat there. 

THUNDBRSTOSMS. 

In thunderatorma, however, these turbulent conditions are 
of considerably greater magnitude, and are. In fact, so violent 
that great danger Is entailed In flying In or about them. In- 
deed, few aviators have flown Into a thnnderstonn and come 
out alive. 

ErperieneeB — Lightning Is one danger. About August 1, 
1918, an aviator flew into a thunderstorm at Paxton, 111., and 
was found dead, with lightning burns on his body. Another 
a\iator a year eariler, thinking apparently that the thunder 
atorm was going with the lower wind flew Into the storm and 
was killed. Sevei-al years ago a flyer named Ehrmann had 
his machine sot on fire by lightning, but he escaped unhurt* 

Capt Cave says:' “It Is iKMsilile tliat danger from lightning 
to an airplane flying through a thunderstorm may be no more 
than that incurred by a pedestrian walking across an open 
common during a storm A pilot who was flying above a 
thunderstorm last summer rt^ported thait long sparks were 
given off hy hts machine at Intervals It Is very likely that 
this haiqieued every time there was a flash of lightning from 
the cloud below him ’’ 

Aviators in the United Btates have also experienced aoch 
discharges while flying In thunderatonns or through gaps 
between thunderheads. 

The turbulence within a thunderstorm Is awful to expe- 
rience 

“A French madiine was called upon to ascend during a vio- 
lent thunder and windstorm for important observation woik 
over the German lines When at a height of several thousand 
feet the members of the squadron below saw the turret and Its 
machine gun stripped from the craft by the gale. 

“The observer’s seat was next to go, but the occupant, grasp- 
ing the wing stays, clung to the sailing plane. The craft was 
whipped about in the sky at will and the cloth completely 
stripped from the fuselage. Both pilot and observer were 
clinging to their broken craft when It reached the earth after 
a serlee of gyrations rivaling the most daring acrobatics prac- 
ticed by the Allied aces. Both occupants escaped seiioiis 
InJuTy."* 

It is quite likely that In such cases pilots and observers 
think very little of thunderstorm structure or the meteor- 
ological aapects of tlie situation. 

Many aviators have experienced the great upKmrrent which 
occurs on the front of the squall wind Issuing from the base 
of a tbiinderstorm. Ascents of several thousand feet have 
been reported not only In Texas but also In Florida. Two of 
the mdst striking ones, both from Texas, will be dted. On 
one oceavioi,, near Fort Worth, the aviators began to return to 
Carruthers Flrid on the approach of a thunderstorm, ^ent. 
Morgan on banking for a turn while just over the squall front 
was suddenly 4lfted from 2)(X)0 to an elevation of 7,(KK) feet, 
a rise of 5,000 feet In almost no time. He thought that his 
altimeter had “gone crasy." On descending Immediately he 
reached the field just before the squall struck It. Other 
aviators were lifted similarly by 2.000 to 4,000 feet. Those 
that landed after the “00-mlle" squall began had to land with 
their proprilers going full speed. 

•C. C. Turnsr, “The Bommce PC Apronsutles,’’ psse 329, Pblladpl- 
ptata, 1912. 

^ve, €. P. 3. dome meteorolotleat oomUtlpm which tnerpaae the 
dsBser pr firing Serp Jesr, (iMidpa), 191T,‘ vol. 2t, p. Ml. 

*W. 8. Fpmst, New Xmk TrlbSMc Mpprt, Jriy 14. 1918. 
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In the other Instance, UetH. Col^b was “stunting*^ near 
Love Field at about 8,500 feet altitude during the approacih of 
a thunderstorni. After doing three evolutiona, taking about 
15 minutes, he found that he bad gained some 8,500 feet in 
altitude, instead of losing 1,500 feet, as was usual. Sometimes 
the lifting would be of the order of 500 feet in a minute. This 
indicates that there was a wind with an average vertical 
component upward at about 5 miles per hour (2 m/e) blowing 
toward the storm, an upward rate quite to be expected under 
such clrcumstancee. At the end, the aviators noticed sharp 
mammato*curoulUB above and strato-cumulus clouds below 
them. They seemed to be at an altitude about midway be- 
tween them, though they were some 5 miles away from the 
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storm front. On descending they soon entered extremely 
bumpy air and were able to land only by diving into the wind 
with the engine on (Fig. 4). The rain began immediately 
after that. Landing in thunder squalls presents considerable 
diflScutty. Once an aviator above such a squall. In the oppo< 
stte return current, headed into Uie Mdnd and made a descent 
to the field. He did not ol)serve that Uie surface wind was 
opposite in direction. As he approached the landing place 
he noticed that for some reason he was not losing speed, and 
when only 5 feet from Uie ground saw that he wqs going 
with the wind. He was moving so fast that he went 4 miles 
before getting sufficient elevation to turn and come back. 

Interpretation , — ^The air movements about thunderstorms, 
in the lower level at least, seem to be relatively simple. The 
heavy fall of rain and the coolness of the air under a thunder- 
storm produce a down-fiow of air which spreads laterally In 
the form of a squall. The squall wind is stronger than the 
forward rate of advance, and so there Is a considerable rate 
of ascent on the front ; and the cold squall wedge also forces 
up the warm general wind. The air which goes down from 
a thunderstorm Is supplied by a return fiow of low velocity 
above the squall. (Fig. 4 ) This return takes place shove 
1,000 or 2,000 feet and Is probably strongest at 8,000 feet or 
higher. In the front of the squall the pre^nee of obstruc- 
tions will locally increase the rate of ascent qt the air, espe- 
cially when «uch obstructions are In the lee of a fia| area. 
The extraordinary up-current near Fort Worth, referred to 
above, occurred Just In the lee of l>ke Worth. An airplane in 
the rain under the thunderstorm la likely to be carried down 
not only by the weight of the rain but also by the downflow 
of the air An airplane in the squaU itself Is Ukely to t^e dis- 
turbed by eddies. An aviator who wants to go arosmd a thon- 
derstorra will find the fastt^t going at a height of about 2,^000 
feet, between the outflowing wind below and the inflowing 
one alwve. 

AIR DENSITY CKANOEA AS APPBCTINO StTPrOBT. 

On cold days with high atmospheric pressure an airplane 
has little difilculty In ^'taking off.” For example, Capt, H. H. 
Storrer cites an Instance when with the barometer at 30.87 
inches ami the temperature 30* F. “one could gscend at a 


Calr mtft with the elevatent in the poattloii nanally eai|ii«vett 
In horlsontal lU^ta; this, oC cenne. In ehlm air,” 

On hot dajra or at altttndes of a few thonaanS feat, on the 
conttsry, the rarefled air .rften nakes it diflcolt to ilae from 
the ground. Avlatoni at Field, 3?ez., and Fort Sill, Oldh.. 
have noticed repeatedly that on very hot days thMO waa dUB. 
culty In taking off, due to the rarriled air. Mote striking 
than this, however, is the case of fallnre of the pnqpeller to 
“take bold” in the rare air of higher ^vattona. Uent. Nntt, 
of Blllngton Field, Tex., accustomed to the dietance required to 
take off In low elevations, failed to take into acoount the fact 
that a greater distance would be required at a higher devaUon, 
and at Denver, Colo., October, -1918, crashed Into a fence in 
consequence. 

Not only are these difllcultles noticed in taking off, but also 
are they troublesome in landing, for the plane continues to 
roll al<mg the ground for an unusual distance before cmning 
to a 8t(q>. Landing fields at relatively high elevations should 
be larger than those near sea level and also at their edges 
should be free from obstructifMis like tel^bone and power 
lines, which might be itermltted at lower levels 

CONCLUSION. 

From the accounts of the numerous exciting experlmices 
aviators have because of the omdltions of the air, it is obvious 
that the more meteorology an aviator knows the better he can 
handle himself in the ulr, other things being equal. Further- 
more, It Is evident that the airplane has opened to the profes- 
sional meteorologist a new and potent means of investigating 
the phenomena of the air. Much can be surmised from care- 
ful observations of cloud movements taken from the ground; 
but how much mure satisfactory it is to be able to fly up and 
investigate personally, what Is happening! 

The Weather Bureau would be glad to receive accounts 
of unusual flying experiences aa^rlbable to weather or air 
conditions. 


TAUTOMBTER FOR TESTING DOPED SURFACES.* 

Ttnc i>ower of tautening varies with different dopes: hence 
the necessity for the tantometer, which should measure the 
degree of tautness brought about by the particular dope 
or covering employed. 'Until recently the tautness was simply 
more or less guessed, the method usually adopted being to 
merely tap the doped fabric and deduce the tautness from 
the note produced. The higher the note, the greater the 
tautening power of the dope was assumed to be. 

The function of a tautometer Is to measure the effect of 
a depressing force, usually exerted by applying a known 
weight to the center of a known area of doped fabric. Hits 
tautness determination is a measurement of at least two im- 
portant factors of the dope, t e., the tension of state of strain 
given to the doped fabric and the flexibility of the dope film. 

The method of tapping has proved to be both inaccurate 
and misleading. For instance, a hard film is freqnaitly ob- 
tained when an acetyl dope is employed and the doped fkb- 
rlc sounds tauter than measurement with a reliablo tauto- 
meter proves It to be. In reality a high note frequently In- 
dicates a hard and brittle film which will have a great ten- 
dency to crack on exposure. 

l%ere are various types of Instruments for measuring taut- 
ness now in use; one, for example, consists of a heavy round- 
bottomed framework, having a pivot through the center at- 
tached to a spring on the npi^r side, which, in turn, is 
connected with a pointer. Except for a knob fixed to the 
lower end of the pivot, only the outer rim of the round 
bottom of the Instrument touches the doped fabric. This in- 
Btrument Is placed on the frame to be measured, and according 
to the tautness of the doped fabric the Rmfl) at the end of 
the pivot is pushed upward to a greater or less extoit, thus 

.From The Jeur. of the Soft. »/ AstoMor. Buff, 
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coippveMinf tl» spring and moving the pointer to a position 
wMoh may be read oft <»i a circular scale, This instrament* 
has many disadvantages, the chief of which Is thAr the taut' 
ness of only the small portion of the doped fabric enclosed by 
the rim of the instrument Is measured. Also, the whole weight 
of the tautometer rests on the doped fabric, and that is ob- 
viously no small factor In Us disfavor. 

The tautometer shown is based on the principle of a balance 
with a lO to 1 bean^ or any other convenient ratio, so that the 
deflection of the long arm a can be magnified for a slight de- 
pression of the other b. The beam Is suspended on a knife- 
edge in the ordinary way, that the support is couriectiKi 

with a screw o which is used to adjust the beam to any 
height required. This screw also serves to flx the whole ap- 
paratus to a framework d which fits over the frame to bo 
measured in such a way that the specified weight, 400 g 
having been adopted in the case of the Instrument described, 
Is suspended from the short arm, exactly over the center of 
(he frame. This weight Is compensated by a 40-g. weight e 
In the scale pan, suspended from the long arm a. 

When this tautometer is placed on a frame the reading of 
the pointer at the end of the long run should be at zero 
on the curved scale ff, attached to the framework at (he right 
side. If this is not the case the necessary adjustment can be 
effected by turning the screw c in the direction required 
either to raise or lower the beam. When tills 1ms been done 
the 40-g. weight should be removed from the scale pan This 
causes the 400-g. weight g, which till now has Ihh'h Just 
touching the surface, to rest on the doptMl fabric, and the 
dipdession due to It can be read off by the iiolntcr and scale 
at the other aide. This curved scale can conveniently he di- 
vided Into graduations representing millimeter or fractional 
parts of an inch depressions of the 400-g weight on the 
doimd fabric. 

The 10 to 1 beam has the advantage of causing a percep- 
tible deflection of the pointer for only l-mm deprossion of the 
weight, and it most be understood that the smallest di^flec- 
tions are caused by the tautest frames. 

A simple adaptation on the same principle has also been 
used for much larger frames and might with advantage be 
employed for airplane wings. In this case all framework is 
dispensed with, except for the bracket used In sup- 
porting the knife-edge a of the beam b. This Is 



KIG 1. A TAUTOMSQTIfin FOOl TBJftTINO SMIAUL PaUTIONB 
OB' A DOPBO S.UliB'A'OB. WHKIH THiK PRIN-TIPWS 

OiF A BALiANXrfi WITOL A RATIO OF LBVBUS THAT PRO- 
VIDES FOR A MAGNIFICATION OF ANY DEPRES- 
SION OF THE SHORT ARM 


fixed to the wall at a convenient height and should 
stand out half-^y acroes the frame o of the witog to 
be measured, so that the weight to be used for determining 
the tatitness can be arranged to touch the center of the 
ftame. The beam itself should be counterpoised, as before, so 
as to give a long arm and a short one, when in equiUbrium 
on the knife-edge.^ Then, as in the previous case, a heavy 


toad is suspended from the short arm to test the tautnesfl Of 
the* doped fabric^ but instead^ of having the compeneating 
weight In a' Scale pan, a lUldlng weight d has been adopted, 
which is placed directly on the beam. When a reading Is 
taken, the weight is slid from the marked position of equilib- 
rium c to another one / nearer the knife edge, so calculated 



FRAMES AND AIRPLANE WINGS 

as to allow the necessary load to rest on the doped fabric. 
The reading of the pointer on the curved scale can then be 
noted as before, to show the depression of the doped fabric 
caused by the weight of the load. 


IlECOVBRY or NITRE AND PITCH FROM ^^SMOKB 
CANDLES/’ 

K R THOMAS 

Amonu the vuriuUB duties of an ammunition officer in the field 
is that of the disposal of dangerous and unserviceable am- 
inunitiou. 

Those stores such as ’^ground flares” (consisting of shellac 
and nitrates) and **Hmoke candles” (pitch and potassium ni- 
trate) wlilch depend f(»r their efficiency on the dryness of the 
priming composition used for their ignition, are particularly 
liable to (lelerioratlon on exposure. 

The author was horrified to find that the unserviceable 
flarcH and smoke candles were being burnt or dumped in the 
English Channel with a considerable expenditure of lime and 
lalwir Although he had been advised to conceal his knowl- 
eilgo of chemistry — advice not without its point — he set out 
to find some simple method for recovery of the pitch and po- 
tassium nitrate from the smoke candles. This was soon elab- 
orated, and with the aid of a band of Chinese coolies, over a 
ton of pitch and nearly a ton of potnssrlura nJntrate wore pro- 
duced dally. 

The methods were cnide The extraction was done in Soyer 
stover, and the crystallization in unserviceable cartridge cyl- 
inders. The stirrer was part of a broken ammunition box, 
and the fuel was waste wood from the same source. After 
all expenses were met. the work resulted in a profit of at least 
£20 a dtt,^, 

The pitch was mixed with sand and used as a substitute 
for timber for flooring purposes. The work was also carried 
out at two convalescent camps where the labor cost was nlL 
In both places large “physical training huts” were cotaa- 
pletely floored with material from the recovered pitch. The 
potassium nitrate was stored and ultimately returned to 
England 

The success of these operations led to their authorization 
and extension to many classes of unserviceable ammunition 
previously dumped in the Chapncl — Abstracted by the ^ogmol 
of the Society of Chemoal Industry from a paper read before 
the British Association for the Advancement of Science, Sep- 
tember, 1919. 



The Great Problem of T anfting 

ltd Bearing on the Future of Aviation 


O F the many probleina uakJnff for the Ingenuity of flight 
enthuslaaht Hu> landing problem U in all ways the big- 
goat, because it ih a subject for Invention, and liecause 
It carries with it the «>nn)Iete future of aviation. Wild opin- 
ions are being given regarding air brakes, extended Hurfaces, 
extraordinary hihhkI vnrluti<>n8, etc., etc., but the fact that 
you must land and start appears to be lo8t sight of. 

Filing is easy — dead easy — and any fool cun manage a ma- 
chine In the air; but to start a real hlgh-siioefl machine and 
to land it Is a problem exceeding the wit of the thing called 
man at the present time 




A FLYIXO UACIUNB! OP THU FUTUftB 

Look at so-colled facta. Fllglit la possible, according to the 
mdentlflc experts, up to the speetl of^ sound, say, roughly, up 
to 1,000 miles per hour. The present ratio between flight and 
landing speed Is about 8 to 1— i c, you ran fly at 150 mp.h 
and land at 50, In other words, looking at the future, you can 
fly at 1,000 ni.p.h. and land at 830 mjpli. It canH be done. 

ts anyaraprovoineut on this rattio possible? Well, any there 
Is, and give the Improvement as 25 per cent, making the 
landing speed 250 m.ph. You still can*t do It, (►r even look 
at It If air brakes will Improve It by 10 per cent and ex- 
tended surfacx^ by 10 per cent^ you are still faciHl with a land- 
ing speed of some 260 rn ph I 

WliHt Is the alternaitlve? Several may be suggested, but 
none can be put as tried. To make an efiVcient flying machine 
the kindlng gear must In* omitted— 'that goes without saying 
The landing gear In a modern machine amounts to some 
10 per cent of the total head resistance, and thU ratio will 
increase. It follows, arguing from flrst prlndplea, that both 
landing and starting must be done by means outside and sep- 
arate from the maohlne Uself. 

The starting should not be too extraordinary Annstrong- 
Wldtwortli'a, of Newtaatle, made a good catapult years ago, 
and I have seen this throw a 2-tou machine Into a speed of 
00 m.p,lK at a length of 00 feet. There is no great snag here. 
You can start the machine. Rut the stopping Is different, and 
It takes a wise man to lay down rules for It. l^e obvious, the 
entirely simple solution, is a wind tunnel, wherein the wind 
speed equals the flying speed of the machine. That Is obvious; 
but the expense of this scheme Is equally obvious. 

Assume a machine welgliing 1.200 tons, flying at 400 miles 
per hour. It will teke 60,000,000 horse-power to provide the 
air speed necessary 'to su^ly a 300-foot diameter wind tunnel ! 
The fact requires analysing however. The ^‘landing,” In other 
words the reduction of travel relative to earth, will probably 
take no more tlrati half a minute, probably not more than a 
quarter ofji mlnato. Ray a minute. The hors<^power involved, 
therefons ^s 60,000,000 for one minute, and that Is equivalent 
to a 60,000 h.p. r^ant working for 16 hours. 

The figures atfe hlgli, but the cost of fllglit must always be 
high, and there are no half-way measures. NatuiwUy the 


siieeds talked ilbo^ — 1,000 Dip.)i. — ore high, and there must be 
no tliought of landing except at flxod and deflnlte wind-tunnel- 
provided stations, 

' The future flying machine will be in the nature of a humanly 
guided shell — a projectile. Take the shell of present-day 
piucilce, flatten It somewhat m plan form for plane area, 
streamline Us roar end, provide a motor and propellers, and 
>ou get the future flying machine. It l>econie8 a projectile, 
luuncheil and landHl, and any intermediate landings are auto* 
mullcally riile<l out. Such a projectile will have propellers of 
huge diameter. Judged by present ideas (a l,20a-ion machine 
will have two propellers of 150 feet diameter running at 100 
r.p.m,). and these projecting “sticks'* alone will eliminate any 
IMmslble landing gear. The high speed machine^sr movement of 
forward travel must be reduced to sero before Its translation 
from air to earth can be contemplated. A wind tunnel, with a 
traveling lift to take the weight of machine when stationary^ 
would seem essential. The expense must be high, and £100 a 
ton-mile may be the cost of flight In 1950, At this rate it will 
cost 5s to send a one-ounce letter to Paris from London, but 
mlcrcqyhotography cun reduce its cost to Vjd.. and the Increased 
spml of transport will amount to an increased speed of 60 to 
70 itlines that of the prowuit means of travel. 

A monopoly of Inventiveness Is not elalme<l and there may 
doubtless bt‘ other ways od landing the future high speed 
machines. It Is conceivable for example, that It might be 
practicable to hang on the propellers, and so retluce forward 
travel to a slow vertical drop. The tail end of machine could 
then be receiv'd Into a suitable receptacle and propidlers 
Needless to nay. there would be dlfllcultles In this, 
but no Insnperaible oltjection enn be seen. 

Naturally, the future machine will he of dltferent type flora 
the present. The loading of any high speed machine must 
lie high, and the spiked variation will be very small Indeed, 
quite possibly not excelling 10 per cent. There will lie little 
enough In common between the present-day and this imaginary 
future machine. One Ik n flying machine and the other Is a 
projectile carrying Its own nuflive iww'er. But It Is difficult to 
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MACHINE 

see how the present machine can greatly advance beyond Its 
present speed except on the lines suggested. As already 
stated, variable surface is almost impossible; variable camber 
can help a little only. A mwch larger speed range 1$ not llk^ 
and can never ^ obtained with high loading. It seems that 
all elTort should be devoted to the problem of landing, and 
that forced landings between stations most be coowted as to 
be avoided at all costs and classed as serious aeddents. Tha 
problem is resjEiectfully ootomebded to engineers, 


•From a correspondent In Aeronaietice (loadon). 




New Process for the Production of Aircraft Fuels* 

Increasing the Yield Over Existing Practice 
By Auguste Jeafa Paris, Jr., and W. Francklyn Paris 


T he mala G/bJect for which the following experiments 
were conducted was the development of a new method 
of producing high-grade aviatton gasoline. Of almost 
4 Xiual importance was the problem of Increasing the yield 
<i\er existing practice, and also of reducing the cost of pro- 
duction. 

The experimental plant was established at Charleston, 
W. Va., and owes its origin to the offer made to the Govem- 
luent during 1017 and accepted by the National Advisory 
Committee for Aeronautics early In 1018 for the erection of a 
tiBst laboratory. 

The Installation consisted of a suitable building and equip- 
ment, Including a six borse^wer ‘*Foos** gas engine, a 2-toD 
Brunswick ammonia comfNressorp high-pressure tanks,, con- 
densers, separators, pressure gages, etc., which, together with 
our services, were offered to the Government without remuner- 
ation. 


PBEBENT UETHODB. 

The universal method of producing gasoline consists of boil- 
ing crude oil in a stilt, similar to the boiling of water In a 
kettle, the vapor arising from the oil being passed thorugh a 
condenser, which consists of a series of pipes lying in a trough 
of moving water, the water playing the part otf cooling the 
oil vapors, and thus condensing them into liquid which Is 
removed to a cleaning outfit where it Is treated with sulphuric 
acid to remove the unsaturated or cracked products Sul- 
phuric acid has a great affinity for cracked paraffins such as 
are produced in gasoline distillation. 

The temperature at which the first drop of gasoline con- 
denses from the distillation of crude oil differs according to 
the age of the oil field from which the crude oil has been ob- 
tained, and also according to the length of time it has stood 
uncovered since Its pumping from the well Crude oil from the 
Pennsylvania or West Virginia fields will start to boll a 80® F 
to 100* F. , and the first drop of condensation >vlll be found 
at about that temperature. This is known as the initial 
boiling point. 

The temperature of the atlll is then gradually raised until it 
reaches the temperature at which It is desired to **cut” off the 
distillate. This is known as the end point or final boiling point 
This latter temperature 4s controlled by the cx>mmerdal 
side of the enterprise, i. e , the supply and demand for gaso 
line. At 302* F, as a final boiling or end point the end of 
the real volatile products is rbached; and they are a>bout to 
enter the Illuminating or burning oil distillates Mosit of the 
commercial gasolines have an end point of 460® F This Is an 
Indication of gasoline containing a large quantity of kerosene. 
The higher the temperature of the end point the larger quan- 
tity of unsaturated hydrocarbons will be found before cleanings 

lit is the practice to clean the gasoline and remove the un- 
satupated hydrocarbons by a sulphuric acid treatment^ remov- 
ing most of the acid, neutralizing the remaining acid held In 
suspension by the gasoline by the use of an alkali, and 
washing with water. The acid absorbs the unsaturated hydro- 
<iirbons, ther^y producing sulphones which in turn are 
>^’a8hed ,with water. 

It Is our conviction that a gasoline which has not been in 
touch with an add will have decided advantages over one 
which has. It is also our conviction that a gasoline produced 
without a heat treatment, oach as the distillation at presmit 
unlv^mlly practiced at oU refineries, would be free from 
cradeed or unsatuitted hydrocatt>o^ thereby eliminat- 
ing the necessity for sodb add treatment, A series 

nugmt AdMrisoty Com^ttee for At-rimk 


of experiments have lately been conducted with the following, 
results: 

EXPKBIMKNT NO. 1. 

Extraction direct from crude oik 

Haw product, West Virginia crude oil 42* Baumd. 

Raw product, quantity used in exi>erlment 44 gallona 

Gasoline produced . Gallons. 

No 1, 60® Baum^ ... 6 

No. 2, 58® Baum^ ... . .... 10 

No. 3, 50® Baum4 5 

~ 20 

Residue, 37® Baum4 24 

— 44 gallons. 

Percent volatile products 45 

No 1 Is high-grade aviatton gasoline. 

No 2 is automobile gasoline. 

It Is our opinion that a mixture of Nos. 1 and 2 would prove 
to be a satisfactory aviation gasoline. 

All these gasolines evaporate clean and without leaving any 
odor. 

KXPKBIMBNT NO. 2. 


Treatment of crude benzine or firat cut from Weet Virginia 

crude oil 

Raw product, crude benzine .... 62* Baumd. 

Quantity used in experiment .... 97 gallons. 

Gasoline produced : Gallona. 

No. 4, 65® Baurad 61 

No 5, 69® Baumd . 86 

— 87 

No. 6, residue, 63* Baumd 10 

— 97 gallons. 

No 4, 65® Beurad, Is aviation gasoline. 

No 5, 69® Baumd, is automobile gasoline 


TABLE L— PmAiric o/«rp«Kifunte. 
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DGflCBIFTlON OF FBOCESS VStD IN EXPERIMENTS 

Crude oil or benzine was placed in a closed tank which was 
supplied with ht^it from a gas burner sufficient to maintain 
the temperature at around 200® F. Natural gas at h pressure 
of about 100 pounds and a temperature approximately 160* F 
was allowed to bubble through the nil and thereby absorb the 
vapors of the lower boiling point hydrocarbons contained in 
the cnide petroleum. This diaiiged gas, at Hs then reduced 
pressure of about 10 ixvunds poased to a single cylinder refrig- 
eration machine and was compressed to about 125 pounds per 
square inch. During the compression stroke a small quantity 
of glycerine was sprayed into the cylinder by means of the 
high gas preasiire on the delivery aide of the compressor, and 
mixed with the gas and hydrocarbon vajiors therein. The 
compressed gas, with its then condensed and entrained gaso- 
line, plus the injected glycerine, passed through a settling 
tank where the most of the glycerine and some of the gasoline 
were deposited, and then through a water-cooled condenser 
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where the most of the rerpainlng goBoline vapors were con* 
dCDsed. A separator waa next in line and served to ipeipove 
the condensed gasoline from the gas which latter was then 
passed through a reheater where its temperature was raised 
to around 200* F. by transfer of the heat of the exhaust gases 
from the gas engine whic*h operated the refrigerating machine. 
This reheated natural gas then again passed to' the tank con- 
taining the crude material and so comploted.the cycle. 



During the experiments a small amount of the natural gas 
was lost by leakage or otherwise and It was necessary to admit 
more to the system from time to time. The glycerine which 
was injected Into the compressor cylinder servinl to aid the 
cold water circulating through the compressor cylinder Jackets 
to abstract the heat of compression and maintain the tempera- 
ture of tho compressed gas and vapors at a low point The 
amount of gasoline vapor condensed from the charged gas 
as the result of the compression was thereby Increased. The 
low temperature of the gas and gasoline vapors also ol>vlated 
any material cnu'king or chemical brooking down of tho 



various hydn»caH>oiw contained. It U also believed that the 
glycerine was to a ccTlaln extent instrumental In removing by 
absorption some of tho impurities contained in the gasoline 
vapors as received In the oomprossion cylinder 
The experiments were not carried far enough to determine 
the ultimate possibilities of the glycerine injection process as 
a means of removing waUT. sulphur, sulphur compoulads, and 
other Impuritlos from the gasoline. The apparatus used was 
assembled from material readily available on the market, so 
that the results do not represent the economic value of this 
distillation process. 


A complete description ofi the several modifications of the 
^fundament^^ Iprocess, described In above note eontalned 
In patent spedfliGadoa No. 103^4, filed S^teint>er 28, 1917, 
and entitled "Process of cleaning and refining distillates of 
petroleum.*’ 


THE ABSORPTION OF MINERAL SALTS BY THE TIPS 

OP ROOTS. 

Recently we described in the SciENTmo Amebican Sttppuc* 
.MKNT tho remarkable exipcrlments made by M. Henri 0001)111 
proving that plants absorb water by the tip of the 
root only, contrary to the general supposition, M. 
Coupin has been contniuing his experiments, of which 
n report has Just come to hand In the liiinutes of 
the French Academy of Sciences. His speclml ob- 
ject in these later exporimentH was to dlscovw whether the 
root tip absorbs not only water but, as seemed highly prob- 
able, also the mineral salts dissolved therein, and to find out 
whether this endosmosls is sufficient to permit the nutrition 
of the plants. His experiments were conducted In the same 
manner as before, i. e., the germinations were continued for 
several days in an atmosphere which was both aerated and 
humid, and the point of the root alone was immersed In the 
liquid. No matter >vhat kind of plant was under observation 
this liquid consisted either of Knop’s liquid (A) or of re- 
distilled water (B). Knop's liquid Is the well known and 
('lassie liquid employed in si tidying the mineral nutrition of 
plants. It contains 1 gr of calcium nitrate, 0.25 gr. of 
lK>tas£iium nitrate, 0.25 gr. of add phosphate of potasolum, 
025 gr. of magnesium sulphate and traces of the phosphate 
of iron. It Is necessary to redistil commercial distilled water, 
since It contains ecq>per, wliich Is apt to be injurious to the 
roots, and which is particularly likely to kill I he vegetative 
plants Tills water must be redistilled In glass. The experi- 
ments wer«' carried on in the laboratory, whose temperature 
was about 20® C. In front of a window which looked toward*^ 
the north and was admirably lighted Once every twenty- 
four hours the germinating seeils wen^ raised so that only the 
I>olnt of the root remained Immersed in the water. 

“The ri«ults obtained wltli a very large nunUier of species 
being strictly ulenttcal three examples will suffice,*' says Mr. 
(Joupln, “to prove iny point The radlch's In question were 
placed exclusively In tlie humid air and not in the llqiiid of 
the culture. The three plants chosen were peas, the castor oil 
plant, and white lupine. Careful data were kept and a 
study of these shows the results to be as follows: Every 
plant whose root ix>Int was immersed in Knop*s Uqut4 erhll)- 
Ifced a distinctly superior development to that of the corre- 
sponding plant which was immersed In the redistilled ioatcr. 
This difference Is manifestly due to the fact that in tho first 
(5aso tho nutritive salts had penetrated tho root, thus enabling 
the plant to obtain a better growth than the one which had 
at its disposal only the reseiwe substiuices contained In its 
cotyledons or fits albumen. The conclusion was inevitable, 
therefore, that the point of fhe root is capable of absorhinff 
ntdneral salts and that the tatter are abundantly utilised in 
the groirth of the plant to which they are furnished,'* 


SYNTHETIC ASPHALT. 

Dr. ZtUMER, the director of the Johannes Jeoerloh Company, 
Oharlottouburg, has worked out a process which will enable 
the company in the future to manufacture solid asphalt syn- 
thetically, thus nmdering It Independent of raw material 
from abroad. 

The process has already been patented In nearly every civ- 
ilised country. A new factory is being erected at Veltcm, 
near Berlin, for the utilisation of this discovery. The exist- 
ing building difficulties make it impossible to say whm a 
start will be made with the manufacture of ayntheUc asphalt. 
— Chemiker-Zeitung, May 16, ,3916. 





The Diesel Engine aind Automobiles* 

Developments Necessary to Adapt This Engine to Motor Vehicle f^pulsion 

By Gbarles Day, M. Sc. . ' . ' 


U P to the preMnt time, the Diesel engine has not been de- 
vdoped along Hoes suitable tot automobile work, tor 
reasons which are stated later, but It does not follow 
from this that Such engines will be condned to their present 
duties, nam^, that of providing motive power for power sta- 
tions, factories, pumjping statlcms, Ac., and for ships. 

Quite apart from the possibility of Its development for au- 
tomobile purposes, tbe Diesel engine forms a very Interesting 
study in tbe application of theoretical ideas to practical engin- 
eering, and the way In which such ideas have very often to be 
modified to meet practical and commercial conditions. A few 
moments may therefore be usefully spent in very briefly out- 
lining this point of view 

It Is many years since Carnot enunciated the ideal cycle 
widch would give an engine of the highest possible efficiency. 
Carnot's cyde is illustrated In the diagram, Fig. which can 
he briefly described as follows : 

From A to B the air In the cylinder is compressed isotherm- 
ally, i.e., without rise of temperature. From B to G (the Inner 
end of the working stroke of the piston) the air is com- 
;)reBsed adlabatlcally, <.c., without transfer of heat to or from 
the surrounding walla On the outward stroke of the piston, 
the heated air ^expands isothermally from O to D, and then 
the expansion is continued, but adlabatically, from D to A, 
the proportion of the various phases being such that tbe tem- 
lierature and pressure at the end of expansion are the same 
as at the commencement of compression. 

Accepting Cani0t’s as the ideal cycle, and trying to, apply 
it in practice, difl9culties are clearly apparent. From A to B 
the compression is to be isothermal. This condition requires 
that the heat equivalent of tbe work done in compression be 
completely conducted away, thus requiring that the cylinder 
walls be perfect conductors of heat. From B to G the condi- 
tion is quite changed, as here no heat must pass away ; thus It 
is now required that the cylinder walls be perfect non-con- 
ductors of heat. On the expansion stroke the requirements are 
again similarly reversed. 

From this very cursory examination, it would appear that 
the Carnot cycle is fundamentally Impossible of attainment, 
and so it api>eared until Dles^ conceived the idea of meeting 
Carnot's conditions in the following manner ; 

The cylinder walls must be as nearly as possible perfect 
non-conductors of beat, thus securing tbe adiabatic portions 
of the compression and expansion, while the isothermal com- 
pression would be secured by means of a suitably timed flue 
spray of water injected into the cylinder during the portion 
A to B, the isothermal expansion being obtained by spraying 
into the cylinder during the period O to D fuel which would 
be ignited and burned by the heated air, the fuel being so 
^^prayed aa to just maintain tbe temperature, ie., to give iso- 
thermal expansion. 

This proposal attracted great interest, and seemed to open 
up a realisation of the Carnot cycle, and of a perfect beat 
engine, but unfortunately the ideal has not been attained. It 
is, however, of interest tp note the reasons. 

Briefly theses were that the necessary working pressures 
weretoo high, while the mean effective pressun^s attained 
were too low. 

In Fig. 1 It wlU be noted that the net effective area Is small, 
and is particularly so la ration to tbe maximum pressure. 
Actually tbe pr^mortions gre less fkvorable than shown in 
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Fig. 1, as this diagram is distorted for greater dearness. Fig. 2 
is more nearly representative of the actual ptotmutOB. 

Perhaps the most interesting, and certainly the most valu- 
able feature of Diesel’s proposals, lies in his scheme for spray- 
ing fuel into the cylinder, the air in which had previously been 
sufficiently heated by compression to cause spontaneous ig- 
mtlou of the sprayed-in fuel, as, although other features pro- 
posed by Diesel have been abandoned, this feature remains. 

The water spray during compression was soon abandoned, 
thus cutting out the Isothermal portion of the compression. 
In this way the hiaximum pressure was much reduced owing 
to the fact that the temperature resulting from adiabatic com- 
pression upon the ratio of the initial pressure to the 

terminal pfesaure. For example, if air is so compressed from 
a pressure of one atmosphere to a pressure of thirty atmos- 
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pheres, the resulting temperature Is sufficient to ignite most 
oils, but If at the commencement of the adiabatic compresslmi 
the air is at five atmospheres' pressure, the compression wlU 
require to be carried to thirty times five, or 160 atmospheres, 
to give the same temperature From this example, the prac- 
tical gain resulting from the elimination of the isothermal 
portion of the compression is evident 

The next step was the elimination of the Isothermal ex- 
pansion and the spraying in of the fuel more rapidly. This in- 
creased quantity of fuel prevented the pressure from drox>- 
ping so much during this stage of the expansion, and the gen- 
eral practice is now to Introduce tbe fuel In suffident quantity 
to maintain approximately steady pressure during the period 
of fuel admission. This change la lUnstrated in Fig. 3, which 
la a normal Indicator diagram from a Diesel engine, and from 
this it will be rcMtdUy seen that a very much higher mean ef- 
fective pressure occurs under the new condition 

With these drastic^ changes rendered necessary by hard prac- 
tical facts, the engine differs very materially from the original 
ideal, but It Is of interest to note the phases of development, 
and It does not appear to be an unfair deduction to say that, as 
it stands to-day, the Diesel engine works on the nearest prac- 
tical cycle to Carnot's cycle of maximum efficiency. 

The feature which remains, and which is of great value, is, 
as has already been explained, the spontan^us combustion of 
sprayed-in fud. 

The Diesel engine as it stands today, differs so far from the 
oHiglhal Invention, and Its development has been due to so many 
others than the original patentee, that the continuance of his 
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same in aaeoc'latlon with It la, in the author^ opinion, not 
JuBtined, and it would therefore appear more satisfactory to 
adopt a technical rather than a personal title. “Spontaneous 
Ignition Enidnes" or “High Compression Engines*' might meet 
the case, or alternatively “Spontaneous Combustion Engines.” 
It would not be sufficiently distinctive to speak of them as 
'‘Heavy Oil Engines” or "Crude Oil Engines,” as other types 
of engine can use sucli oils. Whatever title becomes generally 
adopted, the author is of opinion that It phould Indicate the 
fact that the special feature of the engine is the spontaneous 
ignition of the fuel as distinct from electrical Ignition or Ig* 
nltlon due to a hot bulb or a hot spot The name “Diesel En- 
gine,” however, being the familiar one at present, It would 
seem best to retain It for the remainder of this paper. 

H type of engine which during recent years has been devel- 
oped to a considerable extent for small powers is Called the 
"SemMMeser' engine. The name, though very widely adopted, 
la not, In the author’s opinion, a well-chosen one, except, per- 
haps, from a commercial point of view. The broad distinction 
between semi-Diesel engines and Diesel engines is that a lower 
compression is adopted for the former, with the result that 
spontaneous ignition Is not possible until the engine Is warmed 
up— consequently, external sources of heat, such as lamps, 
are depended upon with a seml-Dlesel engine until some por- 
tion of the combustion space has become considerably heated, 
aftef Vhlch the external heating can be disoontlnued. 


This questiou beeh dealt with fuUy in many X»wet«, 
but thf merits of tilie two systems may be summed up us fol- 
lows: 


Four-9trok0 Cpoto. 

No scavenging pump. 

Longer time for inlet of 
air. 

Coollngl of pAstonfl and 
cylinders Is ea^er. 

Higher mean pressures 
are attained. 

Lower fuel consumption. 


Tm-9trok$f Cpola, 

More uniform turning mo- 
ment. 

Either no inlet valves dr 
no exhaust valves-— In 
some engines neither. 

With slow sbeed engines, 
weight and space oocn- 
pied rather less. 


Turning now to the consideration of the application of the 
Diesel engine to automobile work, the method of introducing 
the fuel into the cylinder and the conditions of comDustlon 
are at present the limiting factors. 

In regard to the spraying of the fuel into the cylinder. It 
will be readily appreciated that time is a factor in forcing oil 
through a pulveriser, also that as the viscosity of thf oil 
Increases, the time required to force the oil through will 
increase, unless the pressure behind the oil is Increased, or 
the design of the pulverizer modihed. With free flowing 
petroleum residue oil, and wlt^ sn air pressure of about 1000 
lb, per square inch, the author is Of opinion that pulverisers of 
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The system of Introducing the fuel In Diesel engines carries 
with It the following advantages : 

(a) Pre-lgnitlon cannot occur, as air only is present In the 
cylinder during compression. 

(b) No sparking plugs or heated bulbs are used. 

(o) No carburetors or vaporizers are required, the fuel be- 
ing sprayed direct into the cylinders. 

(d) Tlie engines are ready to start at any moment, no previ- 
ous heating up being required. 

Most makers of this class of engine have edited and still 
prefer the four-stroke cycle already described, but a great 
deal of work has been done on the two-stroke cycle, and many 
quite successful engines have been made on this latter cycle. 
The fact that In Diesel engines air alone is taken into the cylin- 
der, and not air mixed with gas or with oil spray or vapor,* 
makes this engine particularly suitable fur working on the two- 
stroke cycle. In those engines where the fuel Is taken into the 
cylinder along with the air, there is great risk with the two- 
stroke cycle of some of this fuel being carried away with the 
outgoing exhaust which is displaced by the incoming gases. 
Obviously, this loss of fuel Is eliminated if air alone Is taken 
into the cylinder. 

Another feature to be kept in mind is that the very short 
period of the stroke during which the air is taken into the 
cylinder renders the two-stroke cycle less suitable for high 
speeds of revolutions than the four-stroke, but, on the other 
hand, this d^advantage is at a minimum with engines which 
run at the slow speeds of revolution generally desired for cargo 
ships. Consequently the two-stroke cycle engine has been de- 
veloped more for marine propulsion than for purposes where 
higher speeds are advantageous. 


prevailing designs can, with suitable oils, be arranged to deal 
with speeds up to about f»00 or even 000 revolutions per min- 
ute. At 000 revoutions per minute the time during which the 
oil has to be sprayed into the cylinder Is approximately 1/200 
of a second. For higher speeds pulveriser modlflcations will 
need to be developed. 

The character of the fuel oil is a factor in the permissible 
engine speed, both from the point of view of pulverisation and 
of combustion. Viscous oils are more difllcult to pulverize 
than thin and free flowing oils, and cannot be put through a 
pulverizer so quickly. 

Again, the combustion of heavy and tarry oils is not so 
rapid as that of reined oils, such as paraffin or petrol, and If 
the imgine speed is" so high as not to allow sufficient time for 
the combustion of the fuel, difficulties will arise from sticky 
valves, smoky exhaust or dirty cylinders. For rapid com- 
bustion a very finely divided spray is of Importance, as ob- 
viously large drops of oil take a longer time to burn than very 
■mall ones. 

From this It would seem that high speed engines may need 
refined oil, in which case one of the great advantages of the 
Diesel engine will disappear. 

The foel sprayed into the cylinder during a very short period 
of the stroke, commencing wifo the piston at approximately 
the top of the stroke. With a short stroke engine the oom- 
bustlon space into whidi the oil has to be sprayed is very 
■hallow, as ofwlng to the high compression necessary the clear- 
ance volume must be low, say, about 7 per cent of theAotal 
cylinder volume. Remembering the small dearanoe qmoe, the 
difficulty of spraying the oil so as to distribute it tbroui^oat 
the air la obvious. Failure thorou^hily to mix the oH s pray 
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Aiiil Air wUl leMn poimible power of the jrneUie by reduct&ic 
tiie quantity of oU which can be bbrnt 

Improvement In dlatrlbutloQ is obtained by dishing the piston 
rop Fig 4, At ehows diogrammatlcally the best obtainable com- 
bustion space for a short stroke engine, assuming reasonable 
riearanoe between the outer edge of the piston top and the 
lylinder head» whUe B shows the possible Shape of com- 
bustion space if the stroke of the piston Is doubled. 

The combustion space at tbe latest point of fuel admission 
In shown in Fig. 8 by 0 and D respectively. * A glance at these 
diagrams shows how much easier the spraying problem be- 
c(»mes in the long stroke engine than it Is in the short stroke 
engine, especially when it Is remembered that It is desirable 
to avoid spraying or splashing the fuel oil upon the water- 
iH>oled cylinder bead or on the piston. 



FIG e. vuxrt IGNITION RYSTWM 


In connection with gasoline engines much attention has bt4?n 
given to the production of a turbulent condition of the gases at 
the time of ignition, but In the author’s view such a condition 
at the commencement of spraying Is not so important In a 
Diesel engine; but, on the other hand, a considerable amount 
of turbulence should result from the spraying in of the 
oUl 60 as to ensure the utmost possible mixing of the oil and 
the air. 

Another factor which must be kept lu mind for automobile 
work is range of speed. In the Diesel engine ignition depends 
upon the temperature of the air at the end of compresston, 
hut if the speed of the engine Is reduced very much it may 
liappen that the cooling effwt on the slowly compressed air is 
enough to prevent the compression from raising the air tempera- 
ture sufficiently for Ignition. There is thus a limiting factor 
to the slowness of speed, and the range of speed permissible 
with the Diesel engine is not so greet as with gasoline engines, 
in which the Ignition is obtained by means of a spark. 

Before Diesel engines are likely to be applied extensively to 
automobile work, development along the lines indicated will be 
necessary, so that higher speeds of rotation can be adopted 
and reduction of space and weight thus secured. 

Tbe difficulties to be overcome before the Diesel engine Is 
suitable for automobile work have been stated, but it is Im- 
por^gnt to make clear that the expression **automobUe work** 
Is not intended by the author to cover locomotives, for the 
Diesel engine as at present developed is applicable to locomo- 
tive work, and khould find an important fields ^Ibere, owing 


to the great economy of working. For outlying districts and 
for long Journeys through sparsely populated areas and coun- 
tries, locomotives operated by Diesel engines should prove very 
advantageous, as for such districts electrical operatlOD from 
fixed power stations Is unsuitable. 

Compared with the steam locomotive of existing types, the 
Internal combustion locomotive would be cheaper in fuel, 
and would, if operating electrically, give much higher torque 
both when starting and when climbing stiff gradients, and it. 
would al;io use a much smaller quantity of water. Reliability 
in service and a reasonable cost of upkeep will come 
with experience. The elimination of stand-by losses and 
Immediate readiness for use are factors of importance in this 
service. 

Fuel 0il9. — A very wide range of fuel oils can be used In 
Diesel engines, as, for instance, petroleum residues, tar oils, 
some crude tars, shale oils, kerosene, naptha, alcohol or gasoline. 
Qasollne is only mentioned to illustrate the wide range of fuels 
permissible, and not as a desirable fuel, for obviously the 
much cheaper oils would be selected As already explained, 
the working of the engine depends upon the spontaneous igfil- 
tloa of tbe oil when sprayed into the hot air In the oombusthm 
space — hence the temperature at which the spontaneous Igni- 
tion of different oils occurs is a matter of importance!. In- 
formation on this x>oint l)elng meagre and scattered, Messrs. 
Mirrlees, Blckerton and Day, Limited, a few years ago carried 
through in their laboratory a series of Investigations on this 
subject, and from them obtained a lot of useful data, of which 
the following is an abstract 

Hpoii.laneotM Iffndtion Temperature of Different Oil#. 

apontaneous Ignition 
tomperature in oxygen 


Oa«o]lnc, No. 1 ... 

Degrees C. 

. 272 

Gasoline, No. 2 .... 

. 270 

Keroaene ...... 

.. . 2h2 

Ooii oN 

254 

Petroleum futs oil 

. 2fl0 

Rhale oil (nroxbam) . .. 

. 258 

Tar oil 

470 

Coke oven tor 

. . . 404 

Water gas tar 

464 

Blant-furnace tar 

498 

Whale oil . 

278 

Naphthalene 

402 

Alcohol . 

095 


From these figures it will be noted that the tars and tar 
oils have much higher spontaneous ignlthm temperatures than 
petroleum oils. This means that a degree of compression 
which will raise the conifiressed air to a sufficient temperature 
to ignite petrqleum may he insufficient for tar oils — hence en- 
gines working on tar oils should have either higher compres- 
sions or some other means of raising the temperature of the 
air. The most widely adopted metbml is that known as the 
IHlot ignition system, which is illUHtrated diagramatically 
lu Fig 0, a small quantity of petroleum oil Is injected 
into the cylinder in advance of the tar oil, and by its combus- 
tion raises the temperature sufficiently to ensure the ignition 
of the tar oil which fallows it, Tlie tar oil Is delivered to the 
fuel valve by (he main fuel pump, and enters the space round 
the fuel valve spindle at a point just above the pulverizer, in 
the usual manner. A separate pump supplies the ignition oil, 
and delivers it thfough another passage in the fuel valve cas- 
ing to a point just above the Inlet to the cylinder. When the 
fuel valve opens, the ignition oil, l>eing below the tar oil, will 
enter the cylinder first, and immediately he burned. The com- 
bustion of this small charge of Ignition oil will, as already 
Stated, raise the temperature in ithe cylinder to such a d^i;ree 
M to ensure ignition of the tar oil which forms the remainder 
of the fuel charge. 

The use of Diesel engines In power plants ashore, for marine 
propulsion and for auxiliary power on board ship, has been so 
fully dealt with In numerous papers that the author does not 
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propose to deal with these aspects at length ; but ths Diesel 
engine Is specially applicable In the following droumstanees 

(1) Where power Is required at very short notice. 

(2) Where the space for power plant Is very limited. 

<3) Where the load Is of short duration, as, for Instance, In 
mnny elscttic light stations, as stand-by losses are eliminated. 

(4) Where labor is difficult to obtain. 

(6) Where the stoppage of a public supply, owing to a strike, 
would cause great loss or suffering. 

(6) Where smoke and pollution of atmosphere must be mini- 
mised, and pollution of streams avoided, where chimneys would 
be unsightly, or where coal dust or ashes are objectionable. 

In addition, there are many districts and countries where 


the relative prices of oU and cool are sadi am to sa^idar (he 
Diesel engine advantafeons for almost every imypoe^ 

Kven In sltnatkms fhvorable to pteam or to gae eoidnes, 
many occasions Will arise In which an engine of the type under 
consideration can with advantage he installed — for lns^ace. 
as a epare which can ho Immediately started up In case of 
trouble with a boiler or with gee plent 
Borne collieries are even now cousldsring the In st all a ti on of 
DleaOL engines arranged so that pumping opeiationa can be 
maintained during strikes. The small amount of attention 
necessary Is an Important feature of this echeme. '* 

Diesel eng lufts have been succeesfally used for almost every 
industrial purpose for which power is required, and their 
adoption Is steadily increasing 


The Impact Testing of Metals* 

Types of Machines Designed for Conducting the TestB 
By F. C. Thompson, D.Met., B.Sc. 


T HK iutroducUou of rapUUy moviiig aud severely Btroseod 
partH In onjecineerlns d^lgn, especially, perhaps, In mo- 
tor-car and aeroplane construction, led to a search on 
the part of enfftnoers for a test In which rapidly applied stresses 
were involved which should supplement the ordinary tensile 
test whore the rate of loading is relatively slow, Ihe work of 
Katon Hodgklnson <1847) and WtJhler (1859) paved the way 
for the eo-caUe<l “fatigue” tests in which fracture of the 
sample is brought about by the rapid repetition of stresses 
often considerably below the elastic limit as determined in 
static tension. Many types of such teat, which for some time 
enjoyed considerable popularity, have been devised, but in re- 
cent years, and especially during the war, lu connection with 
the Inspection of material for alr-crdft construction, the fashion 
baa changed. The “Impact” lest, In which fracture of the test- 
piece is effected by a single sudden blow, has replaced the 
fatigue test, in some forma of which mllUous of r^titions of 
comparatively small stresses were required. 

The literature of the subject is now somewhat volumluouH, 
and an Intereatlng bibliography Is to be found In a^paper by 
Dr. W. H. Hatfield'. 

The earlier work on impact testing revealed most etasperat- 
Ing discropanclos in the resistance of presumably the same 
material to sudden and severe stresses. For several years a 
controversy was carried on between those who claimed that a 
form of test which yielded such discordant results on samples 
which, so far as the usual methods of testing were concerned, 
were idohtical, was not worthy of credence, and those who saw 
in it a method so sensitive that variations shown by no other 
process were revealed. The latter view has been shown beyond 
doubt to be correct. Especially as a result of the work of 
Charpy and Gornu-Thonard* it has been demonstrated that, 
given really uniform material, results agreeing within 1 or 2 
per cent, can be obtained. It Is, therefore, to variations in the 
steel under test that the apparent discrepancies observed are 
to be ascribed, this form of test now standing out as probably 
the most sensitive of all those used In the testing of materials 
of construction. The Impact test has thus at last come Into 
Its own, and both as a method of research in determining the 
best treatment for any given steel, and as a method of routine 
Inspection, has been widely adopted. 

It has long been known that the special sensitiveness of this 
tost was not displayed where plain bars of metal were em* 

*Prom Soiefics JProgriM. 
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ployed ; from some forip of notched test-piece only was the full 
information obtainable to be procured. Many varieties of 
notch have been suggested and used, but the fairly general 
consensug^ of opinion ^Is now that a fairly sharp notch is best 
When? comparing the V, notch with the “Copenhagen” type, in 
which a straight (mt ends in a cylindrical hole of relatively 
large dia;ineter — 2 n^.—the' superior sensitiveness of the former 
In picking ont brittle ilngterial is clearly shown. Since this 
constitutes thd ^^ole mison d*4ire of the test, the marked 
preference^ for the sharp notch is obviously Justified. Although 
the at the base of the V should be as constant as 

possible (P.2P mm.), slight varlatibns in this do not make 
sufficient difference to Invalidate the test The Mesnager 
notcli. 'much used in France is 2 mm. deep, ending in a semi- 
eircutar gj^ve of 1 mm radius. The work of Philpot* has 
shown that results of the same order as those obtained from 
impact tests are given by slow bending tests on similarly 
not<^ed bars, and it would, therefore, appear that it is to the 
noched test-piece rather than the suddenness of the blow that 
the remarkable results are to be referred. Since, however, the 
notched bar test is more rapidly carried out in Its Impact form, 
this la the one which finds the chief application. To the subject 
of the notch repeated reference will be made below. 

Concerning the types of machine designed for conducting im- 
pact tests, two distinct forms are in use, in which fracture Is 
brought about by single and repeated blows respectively. The 
latter form of the test, of which the apparatus due to Dr 
Stanton is the only one which need be referred to, oocuples a 
position midway between the “fatigue” tests and the impact 
test proper. The test-piece, H inch in diameter and 6% inches 
long, is placed on supports 4% inches apart A groove, whl<!h 
in the form supplied by the Cambridge Sdentifle Instrument 
Co. is 0.05 inch deep aud 0.05 Inch wide, Is made round the 
centre of the bar, the corners of the notch being practically 
square. This bar receives blows from « hammer weighing A7 
lb., the height of fall of which can be varied. The test-piece 
is rotated through 180 <^ after eadi blow, about 100 of which 
are given per minute. Tho number of blows endured before 
fracture occurs at the groove Is recorded. In the paper tky 
Hatfield to which reference has already been made, results 
are given which reveal a very dose connectioii between the 
resistance of steels to the Stanton test amt their true distlc 
limits. Something much more than this is required If the Im^ 
pact teat is to Justify its existence, wRh the result that this 
modification of Uie test finds but limited appUcatlou, the 
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«ln 9 l 6 -bi<nr Tttrle^ belog far more comiaoiily employed. Tbe 
results obtained from ttaem tmro typM of Impact testa are often 
iddelr discordant, materials wblch, tfcoordlng to one test, sbow 
marked resistance to Impact maUnc a poor show when tested 
by the other.* 

In all the machines In common use for conducting Impact 
tests a band test Is mnployed. Other types hare been suggested, 
but hare found little or no support. Stanton end Batrstow* 
hare deecHbed and figured an apparatus designed for carrying 
out Impact tentile tests. Four forms of impact bend test are in 
fairly common use. The two best known of these, the Isod 
and Charpy types, both emjfioy a falling pendnlum to strike 
the blow. The Frfimont machine has a rertlcally-f ailing weight, 
while in the OuUlery apparatus a rapidly rerolving fly-wheel 
la used to impact the blow. The essentials of each form are 
as follows: 

In the Isod test the piece, 10 mm. square with « V notch 
2 turn, deep at an angle of 4fio, Is clamped rertlcally with the 
lielgbt, and at the lowest point of He swing a knife edge 
which It carries strikes and breaks the test-piece. The residual 
notch on a level with the face of the die and facing the pendn- 
luija. This Is released by a spring attachment from a given 
energy is measured by a pointer which is moved over a gradn- 
ated scale as the pendultlm rises. The height of fall of the 
centre of mass of the pendnlum Is 2.6 feet, the striking velocity 
13.0 foot-seconds. 

The (%arpy teat dUTers from the foregoing chiefly in that the 
test-piece Is loosely supported at both ends, the distance be- 
tween the 8nppor,t8 being 40 mm., and that the notch Is placed 
on the opposite side of the teat-piece to that on which the blow 
Is received. Altbongh, of course, a notch identical with that 
used In the Isod test can be and often Is used, the specified 
form consiets of a cat 5 mm. deep, terminating In a cylindrical 
bole 11-3 mm. In diameter. The knife edge whldi comes In 
contact with the test-piece is hero placed vertically In the 
pendulum; In the Isod machine it la hoiisontal. In the ma- 
chine of the nspM tflse-tha weight pt the tup ls,22,'8 kilograms, 
the striking energy being 30 kilogram-metres. 

In the FrOmont test the blow Is received from a tup which 
has fallen vertically through « height of several metres, the 
striking velocity being, higher than in either the Isod or Obarpy 
forms. The test-piece, 8 mm. by 10 mm., rests horlsontally on 
supports 21 mip. apart, with a square notdi 1 mm. deep and 
1 mm. wide on the longer lower side. 

The standardisation of the Impact test is, as a result of the 
work of Obarpy and Oornu-Tbenard, now fairly complete. De- 
spite the differences In the typee of apparatua described, the 
results obtained from similar samples wltb the same form of 
notch on all of the machines are practically the same. Not only 
is the type of ma<flilne wlthont Influence, but so also is the 
energy of the blow, provided that this Is ample to produce 
fracture. The work done In breaking the test-piece Is, therefore, 
a definite characteristic of the material. 

The lesnlts of the teat are commonly expressed In terme of 
the dlfforence In energy cf the tup before and after fracturing 
the test-piece. As Mr. H. Brearley has pcflnted out. the work 
done npom the material is expended in the flret place in start- 
ing the crack at the root of the notch, secondly in extending 
the crack across the bar, and thirdly In deforming the ma- 
terial In the neighborhood of the crack. In view of this com- 
plexity, it Is not surprising that no satisfactory general con- 
nection has so far been discovered between the dimensions of 
the bar and the work done In fracturing it In impact. All that 
It Is at present possible to do Is to record the work upended 
In breaking a clearly specified hut quite arbitrary type of test- 
piece. 

The unfortunately fairly common practice of, expressing 

^ eoeiMsnUe amount of lalormatloa coacamtsg the relaaossbip 
of the Btaatoa to otbar tssts will be fonad ia tho /osra. froa omS 
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these results in such terms as kHogram-meCree per square 
centimetre Is most nnsatlafoctocy. The energy need up in 
breaking, aay an Isod teat-piece 0.8 sq. cm. In eroes-eeotlou at 
the notch, when multiplied by 1.26, does not give the energy 
required to fracture a test-pleto whose dimenalone are 1 cm. x 
1 cm. at the base <ti the V. It has been suggested by Mlm^ 
that if T, and T, are the energies absorbed la fracturing two 

gVMHDetrically elmllar bars of the same material, then 2[!i wHI 

T, 

be proporticmal to the cube of the homologous dtmenslon, pro- 
vided that 

Ml «. v^hT ^ Di. » 

M. ^ vsr " D, " ^TT 

where M, aud Mg are the maBses of the weights, Hi and Hg the 
dt^nce fallen, and Ds and the distance apart of the sup- 
ports for the test-piece. The result is notp however, in agreer 
ment with experiments, except where deformation does not 
proceed as far as the fracture and In the case of untoudied 
bars. For purposes of reducing the results obtained In ordi- 
nary Impact teats on notched bars, it la useless. In the case 
of a bar of side x und notched with a standard groove* the 
total work done in producing fracture would require a formula 
of three terms of the form ax + fix* -*h term cor- 

responds to the energy expended in starting the craclc along 
the line of the notch, the second to that done in carrying It 
across the section of the test-piece, and the third to that used 
up in deforming adjacent material Since it is often oom^ 
paratlvely easy to continue the crack when once it Is formed, 
the importance of the first time — neglected by Charpy and 
Gornu-Thenard — is evident. The relative part which each of 
these factors plays will vary considerably in different mate- 
rials. In, for Instance, a hardened steel the resistance to de- 
formation is very great. A crack, therefore, once started ex- 
tends with ease and without appreciably deforming the sur- 
rouncUng material A lo<vf ^mpftqt: vjaluq wjU thus lye recorded. 
In the case, however, if a metal or alloy tirith a fairly low 
yield-point, It may not be possible either to start or to propa- 
gate the crack without considerable distortion of the surround- 
ing material. In this distortion considerable energy is used 
up, with the result that a high ^pact figure will be given. 
It is not therefore, possible to draw any hard-and-fkst 
and say that above such and such a value a marenal is tough, 
and below that value brittle. For n steel with a n^xlmnm 
stress of 100 tons per square inch, an Impact value of 80 foot- 
pounds wonid be extraordinarily good; if the same figure 
were associated with a tenacity of 00 tons per square inch it 
would be moderate, while for a 20 or 80 ton steel it would be 
distinctly poor. 

In a crystalline aggregate, as all metallic test-pieces are, both 
the crystalline portion and the intercrystalllne surfaces make 
tbelr Influence felt. As pointed out by Mr. H. Brearley, brittle 
materials, which, like hardened steel, yield low impact figures, 
break between the adjacent crystals, which are hardly affecteb 
St all. The fractured surface of a brittle test-piece Is strikingly 
crystalline. In the case, however, of a tough sample in , which 
the intercrystalline strength exceeds that of the crystalline 
portion the reverse of the foregoing conditions obtains. The 
crack must pass through the crystals themselves ; in so 
considerable work is deme on the surrounding parts, and a 
fibrous or silky* fracture Is shown. The transition of a hard- 
ened steel from the brittle to the tough condition on tempering 
is in part at least dne to the softening of tho crystalline ma- 
terial, rather than to increased strength of the intercrystal- 
llne areas; and in determining at what temperature any given 
steel should be tempered to yield the toughest product, the im- 
pact test gives the highest results when tempering Is carried 
out fiO— lOOo G. bOtow the carbon change-point To the Impact 
test, therefore, a hard material composed of large crystals is 
■ HSioue July "ml) ^ ^ 
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typically ibrlitle, a more finely cryatnlllne and aofter one 
U)Uffh. 

In the oane of a forged material, such as steel, the resistance 
to Impast Is cloaely bound up with the direction In which the 
tost-plece itself Is cut A sample out longitudinally will yield 
far better resnlta than one cut transversely to the direction of 
forging. The following results^ will Illustrate this Induence* 


Angle of Notrh with 

Work Abeorbed on 

IMrectlon of Kolllng 

Rupture (Kltngrain>nieCriNi) 

Oo 

. . 1.3 

20f5 

115 


84 

OOo . 

. . . 13.5 


The explanation of tliese dltferences lies in the allnement of 
brittle Impurltlea In the steel as a result of the rolling. Sul- 
phur and phosphorus, present as manganese sulphide and as 
a solid solution of iron phosphide respectively, are present In 
long-drawn-out threads elongated In the direction of the forg- 
ing. 

The presence of slag In the steel, which will also be drawn 
out In the direction of the rolling, deleterious as it Is from 
nearly every point of view, may yet exert a considerable in- 
fluence in raising the resistance of the material to the impact 
test, provided that the test-piece be cut in a longitudinal di- 
rection. As the crack formed reaches a «lag inclusion, which 
la perpendicular to the direction in which It Is growing, a 
tendency exists for a change of direction, the crack traveling 
along the line of the slag. Oriented in this way, slag fibres give 
an Increased resistance to impact If, however, as In a trans* 
verse test-piece, the slag lies parallel to the crack. It merely 
greatly facilitates Its passage through the material, very low 

trim anA StftH SOlS, 11, p. M.) 


inypact values being obtained. This point is very clears dealt 
with by Mr H. Brearley.* 

The greatest triumph of the Impact test has hee/a the rpyela- 
tlon of a new and (julte unexpected type of hritUeness to 
which certain alloy steels, especially those containing nickel 
and chromium were liable, Tempeted at temperatures around 
BOO — 6Q0o 0., and slowly cooled, the resistance of the steM to 
Impact may be almost non-existent, while when rapidly cooled 
from the tempering temperature, the resistance Is excelhmt 
This phenomenon, usually known as **teinper-brlttleiie«i/' is 
frequently not revealed at all by the tensile test, as the fol- 
lowing figures, due to Mr. Brearley (lor. oit), clearly show; 


Yield*i)oint 

tons per 9q, in. 

A 

45.0 

0 

45.6 

Maximuni atress . . 

. . . Per 9q, in. 

53.7 

62.4 

Elongation 

— per cent. 

21.0 

21.0 

Reduction ot area . 


55.8 

59.8 

Impact value 


2.5 

76.5 


The two sets of tests were carried out on the same material 
similarly treated, except that sample A was slowly cooled fn 
the furnace after tempering, B being quenched in water, Al- 
Ihough the tensile test is to all Intents and purposes unaffected, 
the resistance to impact of A is only 3 per cent, of that of B. 
Bteels of certain compositions show the brittleness fully ; the 
rate of cooling from the tempering tetni>erature Is the essential 
point; a steel which has become tough or brittle may by ap- 
propriate re-treatment be rendered the reverse; no structural 
change has so far been observed between the brittle and tough 
states and finally certain casts of steel can never be rendered 
tough or others brittle. No explanation fully covering the facts 
has yet been given 

•Tbe notch being perpendlcalsr to tho test-piece, this sample Is cot 
Iransversciy to the direction of rolling 


Depth Bombs as Guides for Navigation in Fogs* 

Destructive Range of Underwater Explosives 

By Prof. 1. G. McLennan, O.B.E., F.R.S., Scientific Adviser to the British Admiralty 


I N the eerly days of the anti-submarine campaign, a 
method of destroying submarines whoae approximate lo- 
cation waa known, was by the emi>loyment of depth 
charges. To use this means it was necessary first of all to 
know the neighborhood in which tt was neceasary 
first of all to know the neighborhood In which the subma- 
rine was located, and then the chasing ship would rush to the 
spot and drop or throw to some distance charges of explosive 
which detonated when they reached a definite distance below 
the surface of Uie water. The necessity of knowing the de- 
structive sons of any given type of depth charge soon became 
evident) i, e., to determine the radius from the exploding 
charge, within which a aubmartne would be successfully de- 
stroyed. The same information was Important in the laying 
out and use of minefields. Investigations were undertaken to 
determine what pressures were generated by charges of dif* 
ferent slses and types at various distances from the place 
of detonation The nature of the pressure wave waa imrticu* 
larly Important, for upon It depends the “killing power*’ of 
the charge. The laws which govern the alteration in form and 
power of waves generated by these exploalons had to be de- 
termined in order to employ depth bhargea and mines in the 
most effectual and economical manner. The accurate deter- 
mination of the velocity of propagation of the explosive waves 
gtmerated was also of importance in distributing the chargee, 
for If waves from two different sources arrive at the object tn 


*At)strAet from a paper read at the Tletory Meeting of the Nerth- 

Bait Coaet Institution of Bngineera and dhlsdhinden In Neweaitle- 
on-Tyne 


different phases, the effective crushing power may be consider- 
ably altered. When we know what the effects of different 
charges at various distances is— what type of pressure wave, 
whether a sudden intrase blow lasting a few ten-thousandths 
of a second, or a series of less Intense shocks, haa the greater 
effect In destroying the submarine when under water, then 
we shall know how best to lay out our minefields, and what 
alse and type of charges are the best and roost economical 
to utilise under the various situations whlob may arise. 

A most elaborate investigation of the diaracterlstlcs of 
explosion pressure waves has been carried out for the Ad- 
miralty by Mr. H. W. Hllllar. By this method the pressure 
la allowed to act on one end of a steel piston, and measure- 
ments are made of the velocity of the ptot<m as it passes a 
series of points at known distance from Its starting point 
From these measurements It Is only a mathematical opera- 
tion to extract the acceleration of the piston at different times 
from the moment when It began to move; In other words, the 
time history of the pressure acting on the piston. It is not 
actually feoatble to measure the velocity of a single piston at 
different stages of Its travel, but you get the same Inforaatlon 
If you let the pressure act on a series of pistons and measure 
tbelr velocity after they have travriled different dlstancea. 
The velocity la found from the extent of crushing of a copper 
plug which the piston strikes when It comes to the end of Its 
travel. 

As an iUnstratlon of results obtained by the method It nuiy 
he stated that with the measuring gages at a distance of 00 
feet from a aOd-pound detmiatlng charge of amatol pigoed 
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about BO fbet b4Aow t|ie aurfbOe; the corre^nding tlme>prea> 
•ure eurve ehowed tliat };h« maxlntum preemro, 0^ ton per 
eqoare Inch, wuft rogohed aliooet Inetantaneoueljr; that the 
preaaore fell to'% of Its maxlmam ralup in 1/1,CI00 of a sec- 
ond, and piractically faded airay after 5/1,000 of a smuid. 
In the courae of the inveetlgatton it was shown that the preO' 
sore waves are reflected from tiie water surface as waves of 
tension. The effect at any idven point in the neighborhood of 
the explosion is, therefore, due to the superposition of a di- 
rect pressure wave from tlte charge and a reflected tension 
wave from the surface ; botii travel with the velocity of sound 
4,900 feet per second) and the tension wave follows the pres- 
sure wave after an interval determined simply by the differ- 
ence in the length of the direct and refletled paths from the 
charge to the point In question. 

It has been found that the pressure from a large charge Is 
more Intensive and more sustained than that from a small 
one, the two being connected by the following rule. If one 
diarge baa twice the linear dimensions of another (8 times 
the weight) the maximum pressure at a given distance from 
the larger charge will be the same as at half the distance from 
the small charge and will be twice as sustained, i- e., will 
take twice as long in falling to any given fraction of the 
maximum. 

When explosions of gunpowder, for example, were investi- 
gated, It was found that tbe pressure rose much more gradu- 
ally than when charges of amatol or T.N.T. were used. With 
this explosion very low maximum pressures were obtained 
and the corresponding pressure .waves were considerably pro- 
longed. 

Another method of Investigating such pressures, which was 
suggested by Sir J. J. Thomson and applied by Mr. D A. Keys, 
consists in the employment of the phenomenon long known to 
scientists, namely, that certain crystals become charged with 
electricity when subject to pressure. The amount of the 
charge produced Is proportional to the pressure applied to the 
crystals, so by having a suitable arrangement for measuring 
this charge and Its variation with time, a complete record of 
the variation of pressure with time is obtained l>y placing 
the crystal detector at any given distance from the exploding 
charge. Since the duration of tbe yave In pussing over the 
crystal or engulfing a smtinarlne Is only a few thousands of 
a second and the pr e ss u re generated may be of tliO order of 
half a ton or more per square inch, one can readily imagine 
the difficult nature of the problem^ in hand. But by making 
use of tfie inertia of a b^m of ‘cathode ray particles and em- 
ploying the fact that, th'ey carry negative charges and are 
deflected by electrostatfc and ‘magnetic fields, It has been 
possible to obtain records' .of tbe varijsition of such pressures 
with the time. Tbe electrons, affect a photographic plate, *. e., 
they leave an Impression ot^ thi plate where they strike It. 
This additional fact has made' it possible to" determine the 
charge in preesutp of the wa^e froni the Instant the charge 
is fired and at as, entail int^ala as we please afterwards. 
Changes which tike place in 1/106,00(1 of a second have beOn 
recorded by this tfaeaqs! Already the method has revealed a 
number of facts i^bout the nature of. the pressure wave pro- 
duced by exploding charges and the importance of such re- 
sults in the laying, out of minefields and the employment of 
depth charges cap hardly be over-estimated. , 

In the course pf our investigations of the characteristics 
of pressure wavee generated by the explosion of chargee In 
the sea, it was fdund that when a hydrophone was used to 
pick up the waves a good record could be obtained by tbs 
explosion of a number 9 detonator at least two miles away. 
Tie exp^op due to charge# of 2 Ibe. of T.N.T. hate been 
recorded at 14 mlleS),' and might have been recorded at far 
greater dietances Judging ffom the strength of tbe siffiials 
received. The explosions of 80(Vpound depth charges have 
been recorded up )to 200 miles^ and it is probable that with 
cl)arges of modKrats amount sxplosKms occurring as fir away 
as 000 miles can be readily Recorded. Based^ these results 


a system of sound ranging under water was developed. Four 
hydrophones were laid out 5 miles apart along a base line In 
deep water a mile or two from tbe shore and in additloa two 
pilot hydrophones were placed along a line at right angles 
to the base line, the one 6 miles out and the othw at twles 
that distance. Cables were laid from the hydrophones to a 
recording Inetrument situated in a shore statUm- Four oi 
these stations were Installed at different places along the 
east coast of the British Isles, and other stations are now In 
progress of Installation. With such sound ranging systems 
the shock of distant explosions occurring under water affect 
the various hydrophones in turn and as time Intervals caq bo 
read to 2 or 3 thousandths of a second with the apparatus 
now in use, it Is possible to measure with accuracy the time 
intervals between the times of arrival of a sound v^ve at the 
different hydrophones. With the measurements of these time 
Intervals It is a simple nratter to deduce the position of the 
point at which the explusiou setting up the wave Is located. 
Up to 50 miles the location of an explosion under water can 
be determined to within a few hundred yards by a single 
station, hut for accuracy the cooperation of two stations would 
be necessary to locate explosions at greater distances. Vnthln 
operable ranges a ship can be given Its position by sound rang^ 
ing more accurately than by directional wlrelees or by any 
other known method. Bxploelons of mines or torpsdoes 
at any point In the North Itea can easily he located by statloas 
situated In Great Britain. In the war, during the bombard- 
ment of the Belgian coast it was a common thing for a 
monitor to proceed In a fog to a position some miles firom ths 
coast and by dropping depth charges have Its position accu- 
ratriy determined from stations on the coast of England. Bo 
accurately waa this done that It was found when Che moni- 
tor’s guns were trained in selected directions objectives leTeral 
miles inland could be hit with regularity and with a minimu m 
expenditure of annnnnltloD. 


8RALB AS FUEL IN BSTHONIA 

Thk following appeared in the Eathonion Review, a weekly 
piibllriied by the Foreign Office of the p|wvialonal Bstbonlan 
Government, in Its issue of Octobor 15, 1919 : 

^ ,We are employing shale in Bsthonta now for all manner of 
purposes; for Instance, the Reval gas factory Is using It 
exclusively for producing gaa It cannot yet be burnt 'as fuel 
In the fire boxes, at any rate, not as they are constructed at 
present, because of the large quantity of ash, and tb? fae* 
to'ry, therefore, Is using wood as fuel. Tbe quantity of gas 
obtainable from the shale Is greater than from coal. The 
Reval factory has obtained up to the present 120,000 poods 
(4333,500 pounds) of shale. The Port-Kunda cement factory 
has recently purchased 60,000 poods (2,160,760 pounds) from 
the Ministry of Trade and Oomme^ and has a similar amount 
ordered. It Is Intended to employ shale mixed with 60 pet 
cent of coal dust In the manufactufw of cement. 

Experiments In firing locomotives with shale have given very 
satisfactory results, and the railway factory In Reval is now 
reconstructing the fire box on one of tbe engines with the In* 
tentiott of <-mploying shale as fuel. During a recent excursion 
to the island of Naissaar (Naigo), undertaken by a special 
commission in order to acquaint themselves with the local 
conditions, ^le was employed exclusively as fuel in place 
of coal. The experiment turned out quite satisfactorily, a 
head of steam being obtained equal to that when coal Is em- 
ployed. The difference In cost Is remarkable, the price of 
<<oel at present being no less than 30 marks a pood and that 
of shale only 8 markA so that even If the consumption be 
more than double, a great saving would be effected. The 
engineers are of the opinion that when the fire boxes are 
made suUahio for the employment of shale. It will he much 
cheaper to use this fuel Chan coal . — Diptomatio ComnU$$Umer 
ThomweU Hayve^, Helelngfore, Finland, Oct 18, 3910. 
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FimiSG THROUGH THU irE IN THE GREAT LAKEIb WITH AUTOMATIC BRAILING-NETS 
Holes 10 to 12 feet in diameter are cut In the Ice and huge automatic dip nets are set When a sufficiently large catch has entered the net a tngger-pm is jerked loose a counter 
weight raises the net and swings It clear of the hole and the net is opened, spihlng the fish ui>ou the ice Uishing with line^ is shown in the inserts at the right hacking a 

hole In the Ice, at the left, indicators which flj up when a fish bites 






Fishing Through the Ice in the Great Lakes* 

Automatically Operated Dip Nets 

^ By Winston Fleming 


T he Great Lakes of Canada yield millions of pounds of 
wlnter-causlxt or frozen fish every year, a lare part of 
wblcti Is Bbl]^ to the United States. The lakes of 
northern MlnnesoUi ■ and Wisconsin also supply hundreds of 
thousands of pounds of this food. The total yearly txroduc- 
tlon of this food now approximates 125,000,000 pounds 
Frosen flsh In large quantities aro shipped to the big cities 
of the United Stwtes every month during the cold weather, 
where they are scdd at leas than one-third the price of fresh 
fish, and still bring a good profit. 

The fishing Is done through the ice, sometimes miles from 
the shore, the fishermen living for months at a time In the 
tents or houses that they have built on their fishing “grounds." 

Lange hoks, pertiaps ten or twelve feet actxws, are cut In 
the Ice and huge dipnets set— nets that' will -bring out hauls 
of hundreds of flsh at a time. Because of the intense cold the 
man In cbairge of the holes must keep going from one to 
-another to prevent the ice from closing his “shaft,” At 
certain Intervals a 
“brailer" makes the 
rounds and with the net 
man's assistance imllB 
up the net and empties 
the Actli on the fresh, 
crisp snow that is 
spread on the ice to re- 
ceive the catch. This 
snow is necessary to 
prevent the fish from 
freezing solid to the ice. 

The flsh are stacked 
in great piles, with a 
blanket of snow be- 
tween each layer of 
fish. When the fish are 
solidly frozen they axe 
loaded In horse ik dog 
sleds and hauled to the 
nearest shipping point. 

In the case of the lakes 
of the Far Nortli this 
means a haul of several 
thousand miles— anally 
by dog team. It Is es- 
timated that 4Sie flsh 
can be stacked, ready 
for hanllog, In the 
Great Slave aUd Bear Lakes at about a half-cent a pound and 
can be dSUvered at Bdinont<i|ix or Calgary at about three and 
one-half cents a pound—or can be canted on to tbe States 
for approximaiteiy two ceots a pound more. Some Idea of 
the sise of this ludualxy Is Indicated by the fact that In a 
single day 116 ears mt frosen fish went over the main line of 
the Canadian Padflc Ballroad from Edmonton to the States. 

The largest fishing opereiton, however, do not now depend 
upon band labor, bat' have automatie btalllog nets Instead. 
These nets antomatlcally swing themselves out of tbdr 
shafts and emplby their eatdies Into tbe loose eao'w “damps," 
alp soon os there am suiBdent flab In the mesh to spring the 
trigger. * 

Ronidily theee auiiomntle nets resemble the otd-fashSoned 
balance pole ait tbe wetl, and work on the same principle, ex- 
that they are sdf-opemting. 

At one end pf theee balance poles is placed a heavy trelght 

*Iiapiiat«d (rma» the filwtrose WkrW, >< 


of perbSps tao hundred and fifty or three hundred pounds. 
The other end holds the net. ll'' requires three men -to force 
down the net end and lock the trigger. After that the net is 
spread In the water and a trigger string run from the pointed 
Iron phi 'that holds the catch of the pole to the “walst-llne^’ 
of the net — a small line that completely endrcles the net. 
When a sutHdent catch has entered the net to put a strain 
on this walst-llne the trigger string Is tightened and the 
trigger pin Jerked loose. 

This rel«-at«'s the weighted end of the pole and lifts the net 
and Its fisli clear of the water. Tbe pole works on a screw 
pivot which makes a half turn so that the net, when raised 
to the full lieight of the pole, Is clear of the “shaft,” or 
fishing hole. 

Whim the weight'd portion of the pole reaches its base It 
springs the trigger that releases the purse line and empties 
the flsh Into the snow. 

As soon as this is done the net men force doarn tbe pole 

again, adjust the Mgger 
p&n and set the puna 
line — ^after which the 
net is ready to resume 
Its automatic fishing op- 
erations. 

Tlie fish are then 
loadeil on tbe sleds and 
banled to the shipping 
points. 

If they are for local 
consumption they are 
forwarded to destina- 
tion without further 
preparation, usually be- 
ing loaded into can like 
eo much cordwood. 

Those that are for 
shlpmeut to the States 
for Immediate censump- 
thm in cold climates 
are nsnally bundled up 
In 100 pound padtagee 
and wraimed with sadc- 
Ing. 

But thone whidi ore 
to be shipped to tbe big 
oeutral markleNa de- 
mand mom attention. 
They am packed in snow-Ilned boxes of standard else and 
transported to the big cold storage plants, where they aro 
oftra kept until the middle of the summer. 

As soon as these boxes of flsh am reoelved by the oold 
storage plants they are opened and the contents, which am 
frozen Into one sdld piece, dipped in vats of cold running 
waiter. The Intaase cold of the fish freezes the water so ap- 
plied Into d thin coat of Ice^ which makes them abscdntdy 
air tight and less likely to thaw. This Is known as “glazing." 

Another way of protecting flsh packe<| in this way it to 
spray the boxes with water right In the freezers, forming an 
loe coat over tbe entlm pile 

From these cmitral markets tbe boxes of frozen flib am 
often loaded Into refrigerator cars and shipped to tho South- 
ern states, to pointg where the climate would thaw and 
decay them were they shipped without protection of any 
kind. 

Usually, however, these Ash are kept In storage until the 
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market l« “ready” for tlieiu — which meana, until they will 
bring the highest price. 

But there are millions of (people in this country living in 
states where the cllmute will penult frosen fish to be handled 
like so much cordwood during three or four months a year — 
at ten cents a pound. 

For several years the United States Bureau of Flsheiiee has 
l)oeii drtlllng away at the geneml public, trying to convince 
them of the fact that frozen Hsh is a diHidedly hrst'ClasH 
product, and that It is praHlmlly equal to fresh fish In ever^^ 
respect. 

Yet fresh tlsh lo^^ts approximately fl^e times as much as 
the frozen product. This, however, does not prevent ten 
pounds of fresh fish from going over the counter to every 
pound of frozen ilsh. 

Last year the cold storage plaots of the United States 
reported a total of approximately ten million pounds of frozen 
flsh la their warehouses; or 1/10 of one pound per capita for 
our country. 

During the winter months one pays about forty cents a 
pound for trt*Hh fish, whereas In a frozen state this food can be 
profitably sold for ten cents a pound. 

A few years ago frozen fish of the finest quality — ^bass, 
pickerel, pike, whltefish, et(* — were sold throughout Mlnne- 
sota and North Dakota for about five centa a i>oiind. These 
flsh were peddlM during the winter months from house to 
house in open wagons and when tnirchased could be stored 
in the woodshed or “loanto** until needed for cooking. In 
short, they would keep until the cold weather moderated. 

Wherever there is cold weather frozen flsh can be shipped 
safely with as little attention as u shipment of sand or stone 
would receive, or as a car of cordwood — for It is on a cord- 
wood basis that this product is handled* 

T^ere are perhaiw ten thousand lakes In the northern 
states that can produce winter-caught fish. 

Winter-caught fish were fim put on tlie market In a big 
way by the fishing interests of the Canadian Great I^kes. 
of Lakes Manitoba, Winnipeg and WlnnipegosK 

As the industry grew hundtrid^ of fishermen flocked to the 
Ice fields of the three big Oana<liHn lakiw and pushed on to the 
waters of the Interior to the north Then a large railway 


hotel system sent Ashing crews out fhto the wH^erness to se* 
cure fish for Its various hostelries. Soon htuidtwds of lakes 
throughout Canada and the florthetii States of our country 
w'ere being “winter-flshed,” * 

During the present seasem it Is estimated that the catdi 
will run to over a hundred and fifty million pounds for Canada 
und the United States. 


OZONE EXPLOSIVES. ' 

Thk war gave a powerful impulse to chfemical research in 
oxploalve substances and combinations, with the result tiu^t 
SCV4W1 new explosives of greart power were adopted to meet 
new rniulrements. Some of these will rmaln for use In the 
milling industry and the excavation work of engineering un- 
dertakings. The tendency is to get stronger explosiyes, with 
a view to lessening manual labor. 

Progress seems to lie in Hie direction of using ozone as the 
oxidizing agent. In the cMimblnatloii of ozone with one of the 
aromatic series of substances, as, for example, ethyleosonide, 
or benzol-trd-ozonlde, the so-called ozo-benzol, it releases enor- 
mous explosive energy. One kilogram develops an exploslm 
some 2,(100 calories, tliat is, 500 more than nitro-glycerlne. 

Ozo-lienzol not only possesses this enormous energy, but its ; 
rate of detohatlon is exceedingly high, whldi gives it excep- 
tionally great disruptive pouer. In this compound endo- 
thennic and exothermic reactions unite to bring about its 
elm hicteri Stic shattering effects. Oxygen endowed with endo- 
thermic etiergy in the form of ozone combines with hydrogen, 
under conditions which give the maximum of power, to form 
the most violently disruptive explosive yet known. With our 
present knowledge, however, it is rather an indication of the 
direction fn which an advance may be made than a partic- 
ularly usable explosive. 

A. Stettlmcher, in a recent addreas to the members of the 
Swiss Chemical Society at Zurich, directed attention to an- 
<»ther substaiK^, chloric add, which, like ozone, is of an 
tauiothermlc and oxidizing nature, and notay bemused as the 
active element in aP* explosive. According to Uhls authority, 
glycerine tri-chlorarte liberates more than 8,000 calories— 4wleo 
tvi much ns nitro-glycerlne. — Teehtii^tch^: Blatt, June 14, 1010. 
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Power and Speed of Steamers* 

Various Resistances That Must Be Overcome 
By Arthur R. Liddell 


T he expertnieD4:al ^ tank has done and Is doing murh 
towards the solution of the question of the most ad- 
vantageous and proporttons of ships In relation to 
propulsive efficiency.^ For a given design experimental tests 
of a rather largO number of models bring out relatively favor- 
Rhle conditions. But the process is a protracted and expensive 
one, and Its completion leaves us uncertain whether a still 
l>etter result could not be attained by further variations in 
the condition^ The reason of this uncertainty Is that the 
ship's way Is'^opposedt not by one force, but by a number of 
ihiferent resistances which do not always act together. The 
conditions In a given case may be favorable for the over- 
coming of one or more of these resistances, but not of the rest. 
Why the conditions are favorable or otherwise in such cases 
U not evident on the face of things, and cannot be clearly 
understood till the different resistances are analyzed sepa- 
rately and estimated as nearly as possible by matheraatical 
means. The reason this analysis Is not made Is that the large 
number of unknowns in the problem makes the chances of a 
successful solution appear too slender. In approaching a task 
of the kind it is necessary to begin with a number of hypoth- 
eses and see where they lead 

The writer of this article obtained from a foreign publi- 
cation the trial trip particulars of a number of vessels built 
by a certain firm of shipbuilders An examination of these 
particulars led him to adopt certain hypotheses, not all of 
which will be regarded as orthodox, but which seem to proni 
ISC tangible results. ' 

The resistances experienced by a ship may \|e divided Into 
those of:- — 

(1) Skin frlctfroru 

(2) longitudinal component of excess water pressure on 
entrance. 

(3) Longitudinal component (-f* or — ) of pressure of echo 
train — from entrance excess pressure — on run 

(4) Longitudinal component of under-pn ssun* of water 
on run. 

In addition, the propulsive efficiency of the whole Inslallu- 
lion of ship and motor is further affected by •— 

(5) An exci^ss or diminution of pressure of water in way 
of proiwller occasioned by the echoes from the exes'ss en- 
trance pressure. 

(tJ) A like excess or diminution of prt'^sure occasioned by the 
4Mho or echoes of the run-wave pressure diminution. 

(7) The degree of pressure in the water about the propeller 
due t(» the head of water, say, above its center of effort. 
With regard to ‘(f) the wdil-known Froude metliod of cal- 
<*ulatloa gives results as accurate can be hoped for at 
lui'sent : (2) has often been deolt witti on the assumption that 
the extra prt'ssure of the water on every vertical frame space 
ot 11 wedge-shaped entrance is the same, but the results thus 
oldalniHl have nevc^r quite squared with practice. In reality 
the pressure on any given frame space thus calculated is In- 
creased by accumulations of pressure from the frame spac^es 
In front of It, and all these pressures progress steruwards in 
undulations Of giUdtklly diminishing mean Intensities.^ The 
udative degrees of preraure on successive frame spaces along 
the enjtrance can be determined either by mathematical or by 
^'fnphical means and be set up as ordinates of a curve which 
^tartl^ from zero at the stem, rises in mound-llke form to a 
niaxiinml^ at half-way length, and when the entrance has the 
length of a wave, as expressed by knots* X *6625, falls to 
^^ 1*0 again at the aftff end of the entrance. When the 
' > ance is sEhorter than a wave length a roughly trUugularbtt 


of the after end of the curve Is cut off. When the entrance 
Is longer than the wave length the curve falls to zero at the 
after end of the wave length and then begins to rise again, 
assuming always that the entrance is truly wedge shaped 
The actual entrance is, of course, not so, but the assumption 
of an equivalent wedge will help towards the solution in 
principle of the problem. The excess pressure intensities 
represented by the mound — or nmunds — undulate sternurards 
like the familiar surface waves from the entrance. Each cul- 
mination of the undulatory line will be distant from the center 
of gravity of the original entrance excess pressure mound by 
a multiple — once, twice, three times, etc., of the length of 
the wave due to speed. The positions of the entrance wave 
pressure echoes along the run may be such as to produce 
excesses or diminutions of the ship's resistance, which, 
however, are less considerable in amount than was at one 
time believed. An allowance can be made for them. 

L{*hs readily accepted than the foregoing propositions will 
be that concerning the effects due to the position of the 
pressure echoes in relation to the propell Evidence of 
these effects may be seen in the fact that the lengthening 
of a ship often Increases her propulsive efflcleu<\v — in fact, 
enables an increased displacement to be driven at a greater 
speed than before with the same engines. If we may assume 
the propulsive efficiency as proportional to degree of pressure 
in the water that the propeller lays hold of the phenomenon 
Is at once explained. But we are then logically brought to 
the conclusion that the longitudinal position of the echoes 
from the under-pressure run-depreeslon in relation to the 
propeller and the head of water above the center of effort of 
the propeller exert similar Influence, Here we are met by 
the orthodox people who tell us that Beaufoy himself proved 
that the resistance of a flshllke body to propulsion through 
water is indepemleiit of its depth below the surface Unfor- 
tunately, Beaufoy 's writings are accessible only to the few, 
and even those few are not cognizant of all the conditions 
under which his experiments were made. No doubt some of 
his experiments have been repeated by subsequent Investi- 
gators, but the resistances of the bodies experimented with 
would be mainly those ilue to skin friction, a subject our 
studies of which have not >ct gone deep enough. 

Ve^^ .valuable us ttu^ Froude Investigations atMl the system 
of estimating Imsed on them have proved, they **get there” 
by short cuts. Every Imaginable surface Is studded with 
minute projections — visible with the aid of the microscope A 
Hurfuie attended with very small friction Is that of the flsh, 
which is studdi'd with regularly spaced scales or little hill wks 
with hollows between Assuming degrees of pressure due to 
speeil and to head of water n'spectlvely to play their part in 
the resistauce, we may expect that at the higher speeds the 
water at the tops of the hillocks will be subject to higher 
pressures than that in the hollows, and that at very high 
speeds the hollows qiay even be denuded of v^’ate^ altogether, 
In the flrst case a small part of the surface would be asso- 
ciated with liKTcawMl and the rest with decreased frictional 
restztance In the se<*ond case only the smnlKr part of the 
surface would be in question at all. As regards head of 
water, the case docs not seem so clear It looHs as though 
the area of the effective surface would increase with the head, 
but it may also he that the velocity of gliding of the water 
over the surface at the same time decreases sternwards at a 
quicker rate, so that the moan value of the expression area 
In square feet X (knots) 1.825 for a given length of surfhee 
remains comparatively unalterad. 

The uvkiect of surface friction needs much more thorough- 


ly 


4 


4 
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golnff Investigation than it has hitherto received^ and, In view 
of the great possibilities Involved, It is more than surprising 
that such scant consideration has been given to it. Doubtless 
minute quantities of oil exuded from the scales play a large 
part in reducing the resistance of the fish, but we may expect 
the nature of the ups and downs of the surface to be no less 
important. 

With regard to the propeller, one effect that we might 
expect from an increase of its depth of Immersion would be 
that cavitation would set In later, because the water would 
follow the retreating blades the more quickly the greater the 
pressure under which it stood. The known fact that a better 
result is given by a propeller working below the level of the 
keel than by one In the ordinary position is usually explained 
by the freedom of the water there from disturbance. People 
who think thus fail to realize that the wake disturbance 
caused by the passage of a ship must extend considerably be- 
low the keel — probably nearly as far as to the sides. In 
shallow water tills below- keel part of the wake is interfered 
with by the ground. The forward motion of the wake Is re- 
tarded and the echoes — pressure variations — deflected stern- 
wards affect the propulsive efllciency favorably or the reverse 
according as zones of increased or of diminished pressure 
happen to be diverted to the propeller. These effects, of 
course, vary with the distance down of the surface of the 
ground. That a ship’s deei>-water speed is sometimes ex- 
ceeded and sometimes not attained in shallow water Is ex- 
plicable only on some such hypothesis. 

The question of the run pressure wave depression and its 
echoes Is more complicated than that of the entrance pressure 
wave system. The speed of travelling of the ship past the 
particles of water in way of the run Is retarded by the for- 
jward movement of the wake, and a part of It is accelerated 
again by the action of the propeller. It thus becomes a ques- 
tion what speed In knots must be assumed in the expression 
knots* X .fl025 for the length of the run wave. It seems 
probable that the length of the resultant wave length, if it 
may be so called, is about the same as that of the entrance 
wave, but that it is so cannot bo taken for granted without 
further investigation. The actual results of the speed trials 
above-mentioned have been found to agree surprisingly well 
with calculations made on the basis of the assumptions of this 
article, and the principles enunciated may be earnestly com 
m^ded to the notice of tank experimenters and others in a 
better position than the writer to pursue the necessary further 
figudles. 

The distance of the center of gravity of the entrance pres- 
sure mound from the stem may be taken roughly at one-quarter 
of the sum of the actual length of entrance and of the wave 
length due to Use speed. Similarly the distance of the center 
of gravity of the run pressure wave from the fore end of the 
run may be taken at about oue-quarter of the sum of the 
actual length of the run and of the length of the pressure 
wave due to the resultant speed of gliding of the water past 
the run. If we now take the longitudinal position of the center 
of gravity of the entrance pressure mound as that of the first, 
or (wrent, culmination and set off a train of wave echoes 
slernwards there will be Inncreased or decreased pressure in 
the water about the propeller more or less pronounced accord- 
ing as the distance from the center of gravity is more nearly 
a multiple, or more nearly a multiple + of the wave 
length due to the speed of the vessel. Iii ionneetton with the 
run wave a similar influence is at work. The under pressure 
about the center of gravity of the run depression changes 
Into increase of pressure, the maximum intensity of which 
will be at a distance of half a run wave length further astern. 
In good examples of single-screw ships the propeller will be 
at more than quarter-wave length abaft the center of gravity 
of the run d^resslon, where the undulating pressure curve 
has risen to the upper side of its base line. Side screws that 
are arranged forward of the single-screw position tend to 
fall and usually do fall within the sone of decreased pressure 


of the run wave and as a coiMiequenoe the loss of propillBlva 
eflicleacy associated udth Uxfkn' results. 

Sir William White ^Ued attention in his **Mantial'* to thd 
remarkably small difference in the powers for a given iqc^eed 
needed by a vessel In her light and loaded conditions re* 
spectively. The smallness of this difference is largely due to 
the circumstance that the friction producing surface increases 
more slowly than the displacement, but the dlffermioe is 
greater than thiis circumstance will account for. The deeper 
immeralon at the same time Increases the head resistance 
and its subsidiary pressure disturbances by large amounts 
which cannot by any systHn of theorizing be got rid of. If 
we first make fair positive and negative allowances for these 
influences and then take propulsive efllciency in proportion to 
depth below water surface of the center of propulsive effort 
of the propeller, we find the resulting power speed conditions 
for the two draughts to agree fairly well with each other. 

In order to determine the proportions of power required to 
overcome the different resistances the following assumptions 
have been made: — ^The extra pressure on a small flat plate 
moving forward at a small angle with the line of advance is 
proportional to the sine and nearly proportional to the tangent 
of the angle. The. longitudinal csoraiponent of this pressure Is 
nearly proportional to the square of the tangent. For an 
entrance of wave length and wedge shape the head resistance 
would be proportional to mid area X tan* X knots* If the 
pressures on the successive frame spaces did not tend to accu- 
mulate and undulate sternwards as shown above. The ten- 
dency of the sternward accumulation may be taken into ac- 
count by squaring tbe function of the resistance due to the 
obliquity so that tan* would b^me tan*, and multiply- 
ing by length of entrance. This would give us 

entrance* 

in place of tan* for a half-wedge of square section. But 
the half-wedge may not be square and It may be vertical or 
horizontal. In order to get a mean value of the tangent for 

these two propositions we may substitute 

V mid area. The final expressi<m for the head resistance 


for 


entrance 


X knots* I# 

then becomen (hatfgiithj^'x'entnuicy X wnei;' 

quite satisfactory, takes rough account of the conditions 
prevailing. 

The expression for the over or under pressure at the pro- 
peller due to tbe echoes from the entrance pressure moUnd Is 
represented by 


(Vmld area)* X 2 X Imota * 

(half-giitb)* X entrance 

X propeller disk area X A ooeffleleat depending on the long! 
tudinal poaftlon of tbe propeller along the undulation curve — 
a conatant. It may be positive or negative according aa the un- 
dulatkMi curve sinks below or rises above tta base line In 
way of tbe propeller. 

The resistance or assistance of the entrance pressure wave 
echoes in way of the rqn may be taken account of by the 
addltlM) or deductlMi of a percentage of die outcome of the 
expression for the entrance resistance. This will depend on 
the posHlons of the hills and hollows of tbe undulation along 
the run. Its amount Is somewhat diflicult to estimate, but Is 
seldom very considerable. Until further inveatlgatlon has 
thrown more light on the problem the resistance of tbe run 
depression has been taken as about the same as that of the 
entrance mound or at least to bear a certain constant relation 
to it Tbe expression for die over or under pressare at the 
propeller due to echo formation from tbe run under pressure 
will be the same in form aa that given above for the over or 
under presaute due to echoes from tbe entrance monnd, but 
the positive or negative coefficient may be mudi larger In 
this case, by teaaon of the shorter distance fimn aonrea of 
pressare to propeller and consequent greater hel|^ of tbe 
undulations In question. Sach successive undulatlda ftom a 
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sour<!« of over under prearare eppenn to be tuUf m bigh 
as the on* befowi k. 

The conetanM tentntlvelp adopted In the calcnlatioiu are 

JL-fox the dxpreealoa for the bead reeistance and for 
T800 » 1800 

(he expresaUina repreeoitlng the additions or deductions on 
.R-count of preasure aiwut the propeller set up by echoes from 
the entrance and the run. The center of effort of the propeller 
disk 'has been tnk«i at one-tblrd of Its Immersed height from 
the oppermoet iminersed part of it — trom Its upper edge when 
It Is entltelx Immersed. In working, the results of the expres- 

TA*t* A 


proesure mound remains unaltered. Within reasonable limits 
the difference between the lengths of entrance and run thus 
arising will probably not be objectionable. For a longer length 
the middle body would have to be shortened and the en- 
trance lengthened. Increase of breadth of a design will in- 
crease resistance In so far that it will make the angles of 
obliquity of the water lines less acute, but It would be a 
mistake to try to counteract this effect by a reduction of 
the prismatic coefficient, becauae the propulsive efficiency 
of the vessel would thereby be impaired. The Increase of 
carrying capacity by which the Increased resistance due to 
greater breadth would be accompanied might 
justify the addition to the horse-pow^ re- 



quired. 

The proportion that breadth should bear 
to depth depends on conditions other than 
those of resistance, and Its Influence on the 
horse-power needed for a given speed must 
be taken as it comes. The power speed 
conditions discussed above are those of cargo 


sions i^presentlDg the differ^t sections of the resistance have 
lKK*n multiplied at unce by> the speed in knots Instead of this ^ 
being left to the final calculation. This, of course, Is an op- 
tional, matter. 

Table A gives an example of the application of the above 
s>8tem to a ship that was tried on the measured mile course 
both at light and at load draught. 

For the light draught some addition must be made to allow 
for unfavorable <^>ndition8, such as that of incomplete Im- 
mersion of the screw. For the load draught the conditions are 
better than the average of those of the trial trips dealt with, 
and the necessary deduction of 2 per cent does not seem 
excessive. 

The best power speed conditions for a given speed and a 


vessids and passenger liners of not moi:e than about 
> two and a-half wave lengths in absolute length. Vessels 
of less than two and a-half wave lengths are beyond the 
range of the above-named particulars of actual trials, hut the 
effects of wave action may be scon In their performances 
Their lengths of entrani*e and run are each less than that of 
a wave length due to speed of vessel. The distance from center 
of gravity of entrance wave to propeller will, with Increase 
of relative speed, soon bewme leas than a wave length. A 
vessel of one wave length In absolute length will work at a 
grave disadvantage as regards each of the parts 2 to 6 of the 
resistance given In Table A. If the vess^ be driven at a 
much higher relative speed— say, at one In which her abso- 
lute length Is equal to one-quarter of that of the waVb 


Length from «tem 
to propeller 
in wave lei^hs (W.L. ) 




Taiit.b C. 


a 

TabubX) 




rn^matio 

IsA^th. 

Balloftt draugtit 

Ft. in. Ft. in. 

Load draught 
Ft. in. 


ooefHcieni. 

100 .. .. 

7 Oio 0 

0 . 

12 6 

1 • « t • 

.6 

225 .. .. 

.. 10 atol3 

6 

18 0 



.. .714 

400 .. 

16 Otoia 

0 

25 0 

t • « • • 

77S 

625 

. 16 0to22 

6 . 

. . 31 3 

.8 - • • 

SIH 

000 .. 

. 22 6 to 27 

0 . 

37 6 


slven approximate length of ehlp are thoae in wlilcli the en- length due to her apeed— the conditions will In mme mpects 

trance an« the run are each equal In length to the wave Improve. The propeller will then come within toe flrst port- 

length due to toe speed and in which the absolute length from live part of toe echo from toe entrance wave with good results 

the stem to the propeller is equal to a multiple of the wave to the propulsive ^clency. The echo from the run wave will 

length -4- % We may then draw up a table somewhat like carry the under pressure sternward to toe propeller aM 

Table R This toWe can be expanded to any desired degree, beyond It, with consequent detriment to the p^uWve effl- 

The prismatic coefficients corresponding with advantageous cimicy. At toflnltely great relative speed toe first 

lengths of entrance and run are given in Table 0. echo would carry the entrance pressure almost unchanged 

The ballast draught corresponding with a 
given length may be obtained approximately 
from the equation draught = i/ length X C, 

In which toe constant 0 will usually lie be- 
tween .7S and .0. The load draught may he 
about one and a half times the ballast 
draught or 1% length. Table t>. gives a 
number of Illustrations of these proportions 



for different sizes of vessel. 

Depth of vessel will be such as to keep the waves from 
<x>mlng over and provide a fairly “dry" ship. In general, 
the International Rules for Freeboard do this. Breadth of 
vessel will be such as to give a suitable degree of stability 
wMh the conditlOM of length, depth, and size and extent of 
t'rectlons already determtoed upon. 

It often happens that other conditions of a glv«i design 
outweigh those of propulsive rtBclency. It may promote econ- 
omy In other reepects to make the length of a ship of given 
speed greater or less than as given In Table A Ha shorter 
length Is required It will be good practice to lengthen the 
middle body by extending It ao fSr forward that the longi- 
tudinal position of toe center of gravity of the entrance 


to the run and practically balance It, so that the parts 2 and 
8 of the resistance would be avoided. The run depression 
would be carried Stemwards unabated beyond the proprtler. 
There would bo a certain degree of over-pressure in way of the 
propeller, making for propulsive rtfidency. The squat experi- 
enced In a vessel of relatively very high speed Is duo to 
difference betwewi the pressure in the water In way of the 
entrance and that In way of the run. This fact throws light 
on some ext>erlmentj» carried out with a torpedo boat by Mr. 
Yarrow. At low speeds the boat went sllghitly down by too 
bead. As the speed Increased this trim changed In succeerton 
to tooae of even kedl, slight squat, deep squat, and slight squat 
growing less with kicreaee of qieed. 
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EFFECTS OF SPONTANBOI;b:COMBUSTION ON THE BOILERS AND FLUES OF A LOCOMOTIVE 


A Curious Case of Spontaneous Combustion* 

Boiler Tubes of a Locomotive Consumed After the Fire Was Withdrawn 


O CCASlONAIJiY the InipoBfilble tseems to happen In the 
medianlcBl hih) chiMnlcal workl aiul not the least of 
these Impomlble paradoxes la the bornlng of tubes by 
a seeoxliigly spontaneous combustion, which Is reported from 
time to time. 

Here is an illustration tif what Is meant; 

A locomotive was In an accident und was si<kHBwli>e4l. The 
running board, cab, brackets and main resen’olr were torn 
off from the left side, the guide yoke bent und other minor 
damages Inflicted. Home of the studs holding the running 
board were also torn out of the boiler, wlilcli caused a loss 
of steam and water. This haiipened about 12:80 at night. 
The fire was knocked out of the engine as quickly as possible, 
the dampers closed and the niglrt roundhouse foreman notlfled. 

At 2 o'clock in the mondng the roundhouse foreman went 
out to the yard and, flnOiug the Are out of the engine, ordered 
it hauled Into the roundhouse. This was done at about 3 *30, 
vrMn it wms set in over the cinder pit. Shortly afterwards 
one of the laborers at the cinder pit onme to the foreman and 
notlfled him that the lieadlight had exploded He went to 
the engine at once ainl found the front nnl hr>t, which was 
the cause of the explosion of the headlight. lie then took off 
the small front and found ever^^thlng nnt hot Inside. The 
next step was to spark the front eml and remove the brick 
arch, but that <Md not seem to relieve the heat To help In 
the cooling off a plate was put o\er the top of the stack, und 
the firebox door opened. 

At 0 o’clock In the morning the front end was still very 
hot, though there was no fin* in the flnhox or gshpan and 
the brick arch had been removed The men were afraid to 
put water In the front end because of the uncertainty as to 
what would happen. At n<^n, or ul>out twelve hours after 
the accident and ten hours after tJie fire hkd been hauled the 
flues were still rwl hot In the engine. A part of the tube artieet 
had been melted as well as the ends of many of the tubes, and 
the metal had run down into a puddle in the front end. 

When the engine was critically examine^l after it had 
cooled off, H was found that the gnatest destntotion was 
wrought by the heat, Just back of the Injector check where a 
large number of tubes were melted. 

The Ulustratioua show the condition of the tnl)es after the 
removal of the front tube sheet and of the tubes in the In* 
terlor of the boiler. 

Unfortunately we have no data regarding the exact con- 
dition of the tubes in the boiler under consideration, or of 
those in tlie pile over the fire, and supposititious case must 

*Al>stracted from Aatlwoy atHf Laeom^tiv^ gsoinssrlns. 


l>e built up In order to a rive at a inmlble explanation of the 
phenomenon before us 

it seems fair to ansuine that the outside or water side of the 
tul)eH was covered with scale, because It is known that the 
boiler was using a scnh^formlng water. This insures a cer- 
tain amount of Insulation against radiation of heat from the 
outer surfoce of the tubes l)otb by the coating of scale and 
the quiet air confined in the boiler. It Is also assumed that 
the Interior or Are side of the tul>es was coated with nist and 
soot, und that there were some unbumed cinders lying in the 
bottom; though of this there is no direct evidence. It It 
merely essential to the construction of the case. 

Finally we know that there was a brick arch which was 
hot at the time of the a(x;ldent and that the ashpan dampers 
were closed wlien the heat was developed in the boiler. 

Then, with a little air leaking through the dampers, there 
was a gentle and quite imperceptible movement of hot air 
through the tubes to the stack, the air having been heated to 
a high temperature by its contact wHh the arch. As the 
water was out of the lK)iler, and the tubes were fairly well 
protected against a loss of heat, the air was not appreciably 
cooled In its passage through the tubes and the latter were 
heated. ThU heated air coming in contact tciih the iron ru$t, 
or oxide of iron, Orofi'c it down, and, by io doing, released 
an cxcees of oxygen info the air. This promptly, under the 
Influence of the heat, proceeded to form a new compound with 
the arallable caibon, which developed a still further increase * 
of temperoiture, producing more oxygen, which was imcnedl- 
ntely available for combustion and whlrti wan thus fed without 
the need of a supply of oxygen from the air. It to merely a 
simple cycle and quHte within the bounds of possibility, and 
is offered as an explanation of an occurrence that seemed un- 
<*anny because it fell outside the range of our ordinary every- 
day experience. It might have happened from that cause, and 
the reason It does not happen oftener to that the necessary 
oondidons are not present There must be an empty boiler 
so that the tubes and containfd air may not be cooled by tbe 
surroundlitg water. The contained air must be nearly stag* 
nant. There must be a source of heat of such a character as 
not to create a draft and the outer air must be excluded. 
And there must be present a sufficient quantity of the oxide 
of Iron to supply the needed excess of oxygen, and there must 
be the caibon to unite with It when it is set free. All these 
unusual conditions are necessary to the executloa of tbe 
hypothesis, but when they do exist, there is no reason wlqr 
the unusual phenomenon here chronicled should not manifest 
ttwlf. . . 
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Standards for Screw Threads 

Can a Universal and International System Be Evolved? 

By Herbert T. Wade 


T he recent war, requiring as It did Interchangeability 
and standardization of military iniitdriel to an extent 
never before realized, brought distinctly before the 
civilized nations of the world the importance of international 
standards. This matter was not settled by the conclusion of 
the war, but becomes even more Important, as a vastly In- 
creased International commerce unquestionably will bring to 
the fore the matter of International commercial standards in 
many classes of articles and materials. It is inevitable that 
the marketa of the world will be available as never before, 
and with improved transportation facilities businesa will 
come to those that meet the conditions of demand and have 
their iommodities most highly standardized according to some 
predominant or universal system. 

The decision of the United States to avail Itself of French 
and British ordnance and other appliances, as well as manu- 
facture them from their designs, emphasizes the question of 
standards for various parts, especially screw threads, bolts, 
nuts, etc., and In the manufacture of vast amounts of equip* 
ment by a large number of establishments there was involved 
securing interchangeability of parts in a marked degree and 
the use of screw thread systems quite foreign to American 
mechanical practice. 

There was no such thing as a universal or international 
standard, for In each leading mechanical* country of the world, 
speaking broadly, different standards of screw threads are 
employed, and in some cases several standards, so that inde- 
pendent of international standards today locally various at- 
tempts at standardization have been or are being made 
Furthermore the question, while intimately connected with 
fundamental standards of length, such as those of the Anglo- 
Saxon and the International Metric Standards. Is at the same 
time quite apart from them, inasmuch as there are different 
screw thread standards among tbe countries using each 
set of measures, and In some cases several standards in 
the same countiy. Consequently it would leera that some 
approach to a single intemantional standard Is most desirable 
so that a reasonable degree of interchangeability In tools 
and parts con be secured, and it is believed that international 
commerce, and especially commerce in machinery, machine 
tools and machine hardware would be promoted by such a 
policy. If there were any single standard to which all coun- 
tries might conform, the subject would be comparatively 
simple : but In every country in the last ten years there have 
been attempts at greater standardization and more perfect 
standards and systems. Today there are both national and 
international commissions investigating this matter, so that 
a oonskieratton of the various systems now in use based on Im- 
portaot work done at laie U* 8. Bureau of Standards Is timely 
aj\d Interesting. 

So content are peoi^e to take for granted reasonably good or 
at least serviceable i^stems of standardization In a single 
country or In' a single industry, that often they are apt to 


neglect the consldemtlon of earlier conditions and at 
the same time the necessity for still greater Improve- 
ments. When It is* recalled that a freight car can be coupled 
in any train on any railway In the United States or Canada, 
and can at the same time be repaired in any shop, It seems 
dilHcult to realize that at one time auch a condition of aflhirs 
was practically non-existent. Today there is the added In- 
centive to standardization that many of the standards used 
In single nations intrinsically are subject to improvement, 
and if they are to be improved it is fair to ask that they should 
also conform at the same time to other and better standards, 
and should be applicable throughout the entire civUized world. 
The task that is before engineers, bureaus of standards, 
physical laboratprles, and like institutions, is most apparent, 
and engineering commissions with varying objects are now 
working on this subject. 

In all of this work the matter of the screw thread is 
fundamental, as the screw in one form or other enters into 
practically all machine design, construction and operation. 
It must be invariable and readily reproductMl with high pre- 
cision by ordinary commercial shop methods of manufac^ 
ture. On a standard system of screw thread and sizes natur- 
ally depend all bolts, nuts, taps, dies, couplings, and the 
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vArioat materials of construction such as pipe which must 
be purchased In open markets and found within certain lim- 
its nbsolutely Interdmngeable. In common language tbej 
must -Et” : such artldee, therefore figure In ordinary 
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QOtntnerce. Now In any ronaidaratlon of the question of the 
screw thread, It Is desirable to appreciate the various ele- 
ments and to understand precisely what Is Involved, Including 
the very Important difference In different systems. The ac- 
(11 a gm TDM, show tlliese dements, and It may be 
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advantageous to reproduce the definitions applicable at rec- 
ommended by the United States Bureau of Standards Oon- 
sldering a screw thread, we can define outside diameter as the 
dlaraeter on the outside of the thread, in other words, the 
external or full diameter In screw thread formulas as used 
by the U. B. Bureau of Standards, this is indicated by the 
letter D The root or core dfomefer. Indicated by K, Is the 
smallest diameter, whether for a screw or a nut, wblle the pUch 
diameter. Indicated by B, Is defined as the diameter of a screw 
at a point midway of the depth of the thread equal to the 
outside diameter, less the depth of one thread, varying in 
amount for different types of thread. The top or crest of the 
thread, or flat as It Is known In the U. B. Standard Thread, re- 
quires no definition, while the root Is the bottom surface join- 
ing the sldee of two adjacent threads, whether in screw or nut 
The anffte of thready expressed by A, is the total or included 
angle between the sides or slopea of a thread tti a plane pass- 
ing through the axis of the screw or nut. The slope of the 
thread Is the angular part which connects the laige and small 
dtamc^ters of the thread. The pitch (P) Is the distance from a 
given point on one thread to a ^mllar point on the next thread 
along the axis of the screw, the distance from center to center 
of two adjacent threads being taken. In a single thread 
screw this is sometimes called the lead which is properly 
however the longitudinal distance traveled by the screw in 
one turn. The pitch is also the reciprocal of the number of 
threads (N) per Inch or other linear standard. With these 
terms understood from the definitions and reference to the dla- 
grama, it is possible to (X)nslder the various Important screw 
thread systems now in use and show how they differ and how 
they might be unified In a single system. 

Theoretically In order that screws should be Interdiange- 
nble both ns regards nuts and as regards eadh other It Is 
necessary that pertain of the essential elements named above 
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should bt> accurate la both acieir aad nut, but variona modSr 
floatkHia of a theoretleal thread have been made that Tadvee 
the number of essential elements where accaraegr la neoMHurr 
for proper fit and interebangeabiUty of screw and ant For 
each of the aystema described bdow tolerances either ofllclal or 
more or less accepted In general praettoe have boMi worked 
out and followed to a greater or less extent. In some ea s es 
by a slight change as in the diameter of the bolt or nOt of 
certain sixes of screws interchangeability is secured betrreoi 
different systems as the British Whitworth and the U. B. 
Standard, as Illustrated in the accompanying diagram. (Fig. 
4.) For various sixes where the pitches are the aame the 
necessary modifications In the effective diameter to eecnte a 
satisfactory fit have been calculated. 

The British Standard Whitworth Screw Thread was first 
proflosed in 1841 by Sir Joseph Whitworth In a paper read 
before the Institution of Olvil Engineers of Great Britain. 
The slm of this engineer was to represent so far as thread 
angle, diameters and pitches were concerned the average engi- 
neering practice In England at that time Sir Joseph Whit- 
worth la quoted as saying: “The mean of the angle In 1- 
Inch screws was found to be about SO*, which was also neariy 
the mean in screws of different dlametera. Hence it is 
aflopted throughout the scale.” The prefile of the Whltworlih 
thread, which became standard for Great Britain and odier- 
ever British machinery was exported. Is shown In the ac- 
companying diagram, and In order to make the accepted 
practice definitely standard, the British Engineering Standards 
Committee In 1905 adopted the standard WhltWorfh oystem, 
and in a r^rt formulated the dimenslona of a system. Id 
this report It Is stated* “In the Whitworth form of ilhfhhd 
the angle between the slopes measured In the axial hlanea 
Is 55*, the threads are rounded equally at crests and root to 
R radius of 0.137S29 times the pitch, and therefore the depth 
of the thread la 0.640827 timea the pitch.” In oth«r words, 
one-sixth the height of the basic triangle' is «nt off from the 
crest of the thread, and onealxth the height is flllhd In at the 
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By riightty modllylns the effeettve dUmeter ef elthsr the V. 
8. or the Whlitworth holt or net la pitohoe ooaunott to Itoth syotoine 
it Is possible to oocure latorehenfeebtllty without modlfyiec the 
thrsRd form of sithor. 
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roo^. Oq tbls syatem the Brltieh Engineering Standards 
Committee has worked out tables of tolerances for bolts and 
nuts with considerable elaboration. The Whitworth form of 
thread is employed for the British standard fine screw thread 
system, for the British standard pipe thread, and the British 
standard conduit thread. 

The British standard fine screw thread system was rocom- 
mended in 1905 In order to provide a series of fine pitches 
to supplement the' Whitworth series employing the Whit- 
worth form of thread. The pitches recommended are ob- 
tained by the formulas P = 0.1 x D V for sizes up to and in- 
cluding 1 Inch diameter, and by formula P = 0 1 x D */* for 
sizes above one inch. 

The British standard pipe thread for iron and steel tubes 
was also adopted In 1905 by the Subcommittee on Screw 
Threads and linear gages of the British Engineering Standards 
OommlssiOQ, and was approved by the main committee In 
March of that year. Two classes of screw connection were 
riuly recognized by the committee and are now in use. namely, 
jOlass 1, the TapAr Screw, and Glass 2, the Parallel Screw In 
Class 1 the screw at the pipe end is tapered 1/16 inch per 
Inch of the length measured on the diameter. The screw in 
the coupler may be either straight or tapered Commonly 
straight coupler and tapered pipe end are used, though 
'conical couplers are used to secure exceptionally good fits. 
In Class 2 straight screws have the same diameters as the 
diameters of tapered screws at the gaging notch. The profile 
of the British Standard Taper Screw for pipe Is shown in B of 
Fig, 8. 

The British standard thread for steel conduit is of the 
Whitworth form, and as for pipes two classes of steel conduit 
are recognized as standard: Class A, Plain, and Class B. 
Screwed. In Class A, which is a light gage conduit, neither 
the Olds of the conduit nor the sockets adjoining the lengths 
are threaded, but In Class B, which Is a heavy gage conduit, 
both of the ends are threaded with the Whitworth form of 
thread as d^ned for British standard pipe threads. 


Inasmuch us American mechanical engineers employ the 
same linear standards as the British, it is desirable next to 
consider the U. S. Standard Screw Threads, which vary from 
the Whitworth in many Important particulars. This thread 
was also known as the Franklin lustitute or Sellers Thread, 
from the fact that it was proposed by Mr. William Sellers In 
a paper read before the Franklin Institute In 1864, and duly 
approviKl by a committee of the Institute in December of that 
y<^ir. It was adopted with slight modifications by the United 
Stales Navy Department and the Master Mechanics and Oar 
Builders' Association, and It Is on this standard that the 
\ery widespread stands rdina lion found in the United States 

has i>eeu carried on, by a formula where N« 

(15 D +10) -2.909 

where N equals the number of threads per inch and D the 
diameter In inches. As a result of this formula values for 
N are given which agree with the Whitworth pitchep, except 
in two or three sizes 

Now referring to the diagram i^owlng the U. S. Standard 
J;?cfGW Threads, the differt^nce between It and the Whitworth 
is most apparent in the thread angle, where 00* was selected 
in place of 55* Mr. Sellers stated his objections to the 65* 
angle as follows ; 

1. The angle of the 55* is difficult of verification. 

2 The curve at the top and bottom of the screw will not 
fit the corresponding curve in the nut. 

3. The increased wsts and complications of cutting tools 
required to form this kind of thread In the lathe 

The angle of 60* was selected for two reasons, namely, 
that it could be reproduced and verified with greater ease, and 
secondly, because It was also In more general use in the 
United States. The Sellers system underwent slight modifi- 
cations, and then became the United States Standard System, 
where the thread is flattened % the height of basic triangle 
at crest of thread nominally filled In the height at 
the root. The nominal depth of the thread then is 0.64952 
times the pitch as Is shown in the diagram Fig. 5. 
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In the United States the luck of Inturchangeabnity of small 
machine screws gradually became apparent, and In 1002 the 
American Society of Meehaniml Engineers appointed a com- 
mittee to report on the standard proportions for these screws. 
This rei>ort was duly formulated In 1907, and the committee 
recommended the A.S,M E. Mat^lno Screw Standard where 
the U. S. Standard form of thread was used and the pitches 
were a function of the diameter as expressed by the formula 
6.5 

threads per Inch = YT'ip'oJS' 

With the development of machine work, and especially in 
the construction of automobiles, it was found that finer pitch 
screws were required than had figured in the U. S Standard 
system, and accordingly the A l^.A.M. BMne Pitch Screw 
Thread System waft developtNl for automobile work. In 1911 
this system was revised and extended. The finer pitch screws 
were required for automobile work for two reasons: first, fine 
pitch screws and nuts do not wark loose readily when sub- 
ject to vibratiem ; second, because of increased strength due to 
Increased core diameter obtained, weight could be saved by 
using smaller screws. Previous objections to using threads 
of fine pitch that they were easily stripped or crossed in 
making up did not apply In automobile construction, because it 
was possible to specify and secure a good fit between nut 
and screw, and furthermore, it was possible to use a good 
grade of steel exclusively. 

In March, 1918, the Society of Automotive Engineers pro- 
posed a system of still finer threads for special automobile 
work. The automobile industry, on account of the large 
number of machines manufactured in well equipped and spe- 
cial shops in many cases has employed special screws peculiar 
to a single manufacturer or organization 

In the United States, while the United States Standard is 
generally followed, and the 00 degrees angle in the profile, 
there are various modifications ranging from the sharp V 
standard, where thread and nut are supposed to fit accu- 
rately to special forms used by large manufacturers, exam- 
ples of which are seen In motor car manufactories. For ex- 
ample, the so-called ‘^Cadillac" form of thread, where the 
screw thread of the sharp V standard is modified at the crest, 
it Is only necessary to consider the pitch diameter, pitch and 
angle of thread on the screw and the nut. These two types 
are shown in profile In A and B of Fig. 1. 

The Acme Standard Screw Thread is found in American 
machine design and takes the place of the square thread, be- 
ing an adaptation of the form of worm thread commonly 
employed. It Is a little shallower than the worm thread, but 
the same depth as the square thread, and much stronger than 
the latter. The Acme thread has a clearance top apd bot- 
tom, so that the prlnolpul consideration involved is the 
accuracy of tlie thread as regards the angular faces and Us 
pitch and pitch diameter. The angle of the thread is 29 
degrees as Is shown in F of Fig. 1. 

The width of point of tool for screw or top thread = (03707 
-i- No. of threads per inch) — 0.0062. 

The width of screw or mit thread = 0.8707 -j- No. of threads 
per Inch, 

The diameter of Tap = Diameter of Screw + 0.020. 

DUa..oy apor: _ pi^m-ofScrew- ^ V - . . ■■■- +0.020 

Screw at Root: No.oiTbreadBperin. 

Depth of thread -> 1 1 (2 a No. of Threadn per in ) } + O.OlO. 

Ibe BriggM Standard form of pipe thread Is In common use 
In the United States and was adopted by the iijnerican Society 
of Mechanical Engineers, whose committee reported, recom- 
mending this system in 1886. The original Briggs Standard 
pipe thread has an Included angle of 60*, and Is slightly 
rounded at the top and bottom, so that the single depth of the 
thread, Instead of being equal to the pitch times 0.866 Inch 
Is only 4/6 of the pitch, or equal to the pitchy times 0.8 inch. 
The Briggs Standard Is also madd in a modified form resem- 
bling the U. S. Standard form of thread. The Briggs thread 
tapers with respect to the axis of 1 part In 82, or % of an 


Inch to the foot total toper. It Is very ohvtods thgt ahso- 
Inte interchangeability obtained through aeetiTgey of tbreade 
and standards is necesaety in all mechanical and congtrac- 
tlon work. Pipe of various forms, together with couitllngs 
and other parts, most fit to ths rhquired degree accu- 
racy 

An early attempt to secure precision In screw Qireads was 
made in 18T8, when the Horological Section of the Geneva 
Society of Arts recommended a system of screw threads de- 
signed by Professor M. Tbnry. This system was based on 
the metric standard and reproduced the measurement of well 
proportioned watch and small Instrument screws then In act- 
ual use in European countries. The thread haa an angle of 
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47*4*. and is rounded at the crest with a radius of 1/6 p, and 
at the root with a radius of 1/5 P, giving a depth of thread 
of 061* The various sizes were designiih'd by eonsecutlve 
uund>era from No. 0 = 6 riini. diameter, 1 inm. pitch, to No. 26, 
0.264 min. diameter, 0.0178 mm. pitch. 'I’he pitch correspond- 
ing to any size number was expresed by the formula P » 0.6*. 
The outside diameter corresponding to any pitch was ex- 
pressed by Wie formula D = 6 tiroes P •/• In 1884 the Brittidi 
Association for the Advancement of Science recommended the 
use of the Thury System with modifications for all screws 
below % Inch In diameter, and this system came Into general 
use, particularly for Instruments in scientlAc work. The 
modification In the thread form was designed to give equal 
rounding at' crest and root of approximately 2/11 P, The 
British Engineering Standards ('oinmittce In their 1863 re- 
port on British Standard Screw Threads gave dimensions 
of screw threads in this system. Including the recommMided 
clearances between the crests and roots of tiie threada This 
system Is of Interest, Inasmuch as it has Indicated the prac- 
tical use In Great Britain of threads based on the Metric 
System, and no difficulty has been experlenceil In their use 
on small apparatua 

With the devdopment of machine tools made according to 
the Metric System and the general nse of the Metric System by 
the Oontlnentol countries. It was obvious that a metric screw 
thread standard for ths larger slaea of Sersw threada should 
be adopted. The Frendh Soddto d'Encouragement da I'ln- 
duatrle Natlonale la 1884 adiHOtod a metric acrew thread ays* 
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t0m, and thl« was wpptoyed and adopted by an International 
Oonareaa convened at Zurich in 18^. and repreaenting the 
prlndpal Continental countrtea The proflle of the acrevr thread 
la ahown in Figurea 1 and 6. 

In both ayatema the form of thread had a 60* angle, and 
the creat of the thread waa flattened % the height of the 
baalc triangle, while the root waa filled in 1/16 the height, 
thna affording a definite clearance between topa and bot* 
toma of threada, and in the main fcdlowing the profile of the 
Sellers Thread. The principal difference l)etwoen the French 
and the International Systems was in the pitch of the 8. 9. and 
12 mm. screws the Frmch specifying 1 mm. and 1.5 mni. pitch 
reapectivcly, while the International System had 1.25, 1.25 
and 1.75 mm. The actual form at the root was left to the 
nmnnfacturer. 

Another important screw thread system used in Continental 
Europe was orlginolly adopted in 1888 by the Vercin Deutscher 
Ingenleure, and included screws of 6 to 40 mm. diameter 
inclusive. The thread selected had an angle of 53* 8*', and 
waa flattened at the top and bottom ’A the height of the 
basic triangle, which naturally had a height eiiual to its base, 
therefore making a depth of thread % the pitch In 1898 
a commission representing German instrument makers, tech- 
nical societies and government departments adopted a system 
of threads ranging In diameter from 1 mm. to 10 mm., and 
especially Intended for use In small machines and instruments. 
The same form of thread was employed ae in the earlier sys- 
tem, and the overlapping aizee from 6 mm. to 10 inm. were 
identical. This system was called the Loewenherz System, 
after Dr Leopold I..oewenherz, at one time Director of the 
Physlcaltsch-Technlschen-Reichs-Anstalt. 

It will be apparent, therefore, tHiat Irrespective of the fun- 
damental system of linear measures used, whether Anglo-Saxon 
or Metric, there wa« and is throughout the world a groat 
diversity of threads, and this was distinctly apparent in the 
war in the manufacture of ordnance, especially when three 
countries with different mechanical practice and standards 
such as Great Britain, France and the United States were con- 
cerned Jn the common manufacture and use of ordnance ma- 
teriel. In France various systems had been used even within 
the army, and it was derided during the war to adopt a 
standard artillery system of screw threads which was baaed 
in the main on the International system, modified, however, 
as was appropriate for ordnance. In the meantime much of 
the material had been made with various threads, including 
the Loewenhera Thread, and materiel made In the United 
States designed to be interchangeable with the French also 
employed the Loewenherz Thread, for which various gages 
were sent from France to America. 

But aside from matters of war material, manufacturers and 
authorities in the United States and Great Britain, France, 
and other foreigii countries, have been keenly alive to the in- 
dustrial and commercial situation involved, and during the 
past year there has been considerable progress made toward 
international screw thread atandardization, though little that 
is definite or actually accomplished can be recorded now. 
There have been numerous conferences between American and 
other national engineering commissions in regard to screw, 
threads and pipe threads. In the opinion of the United 
States National Screw Thread (Commission, which was es- 
tablished by Act of Congress approved July 18, 1918, and 
continued by a similar Act approved Mardh 8, 1919, to ascer- 
tain and establish standards of screw threads for lise of 
the Federal Government and in manufactures, such an in- 
ternational standard should be established by giving consid- 
eration to the predominating sixes and standards used tn 
manufactured products, as well as to the possibilities of pro- 
viding a means for producing this international screw thread 
by the use of either the English or the Metric System of meas- 
tttsment 

From the foregoing resumd the ,maln points and the dl- 
vavgendea of |be varlims screw thtUfis can be appreciated, 

s 


and it would not seem dllficult to develop a common interna- 
tional system upon which the manufacturing countries could 
unile at least so far as goods or materials intended for foreign 
trade are concerned, which system at least could be spedfled 
when desired. While Important work has been done lately for 
various national screw thread systems the undertaking will 
not be complete until one absolutely international standard 
is secured with proper definition and tolerances, so that with 
taps, dies, and lead screws arranged on an interchangeable 
basis all screw products could be reduced to a single system 
the world over. 


ANTI-FRICTION NUT AND SCREW GEARING.* 

Thk efilciont cooling and lubrlmtlng of a lung run of gearing 
is often overlo«>ked until certain difficulties arise as to its 
running efficiency. An Improved means of Interest has recently 
been patented by Mr. F L, Rapson, of Liverpool (patent 
specification, 131,476). It relates to antl-frlction nut and 
screw gearing and particularly to gearing of the type in which 
a shaft or rod and a nut or blo<*k are formed with co-oi)erat- 
ing helical grooves for the reception of balls or rollers, which 
are circulated and returned externally of the block or nut 
As shown, a shaft or rod a is formed with an extenmal 
helical seml-clrculnr groove b and a nut or slt'eve r, which 
Is adapted to be slipped on the rod, is formed with a similar 
internal helical groove d. Within these cooperating opposed 
grooves 6 and d Is disposed a number of anti-friction rollers 
or balls e to form an anti-friotion helical screw thread so 
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that when, for Instance, the shaft a is rotated in one direc- 
tion or the cither without longitudinal movement, the block 
or the like c Is caused freely to move longitudinally thereon 
without frlotlon. Adjacent to each end of the block c- and 
at opposite sides thereof is drilled a hole /, which extends 
Into the groove d. Within each of the pair of holes / is 
inserted or screwed a short tube or pipe o of sufficient diam- 
eter or alae to allow the rollers or balls e to pass l>eely 
tberethroufi^i. These two short tubes g of the bajl race 
are connected together by another tube h, which is wound 
spirally around and externally of the block or nut c. This 
spiral tube h Is connected to the shorter tubes by unloos 
or other suitable detachable means i. Midway - between the 
ends of the spiral tube h Is provided a lubricator i, having 
a wick, k which is adapted to wipe the rollers or balls e 
during their movemrat through the spiral drculating tube A. 
This tube h is also provided at the upper side with a number 
of openings I for the admission of air to oool the roller or 
balls e during their circulation through the tube A. 

In operation, the rollers or balls e, which are arranged in 
close contact in the cofiperating grooves b and d between the 
stops or pipes / and in the spiral communicating pipe A, will 
he carried along the block o as the shaft or rod a is rotated, 
and will pass through the pipe A and be efficiently oooled and 
lubricated. 


*From The Practical Engineer (Iwmdon). 



Unnecessary Fatigue' 

America’s Multi-Billion Enemy 


By Frank B. Gilbteth and 

U NNBCESSABV Fattffue one of the world’a greatest of 

wastes. We beflieve that a coneervatlTe estiiDate of the 
loss to our nation In productivity alone la more than 
twenty cents x>er worker for each and every workfaig day. 
We have arrived at this estimate after many years of Inten* 
srve study of this subject, in oonneodoo with our work as 
oonsuitlng production engineers in this oountry and in Europe. 

There are fnore than three hundred working days In each 
year, and the UmOted States ceosos show more than 85,000,000 
workers whose outputs are affected by unnecessary fatigue 
An instant’s Ugurln^ stM>ws that unnecessary fatigue, there- 
fore, <iiuses a Imas in production that Is colossal This Loss Is 
much largC'r than the total fire loss, and the fM^eventable fire 
loss IS shocking This tremendous loss Is not for one year 
alone It runs year after year. It Is continuous.* 

This astounding loss in production is by no means tlie total 
loss whicli Is <hargeaMe to unnecessary fatigue There is also 
the loss in nmterlals that are siiolled and In overhead charges 
caused by the unnecessarily fatigued worker Again, there is 
the loM due to abs^ciw caused by acctdent and sickness 
ahidh are ofton the Indirect result of unneciwsarv fatigue 
Statistics fihow that the over^tlred workers are the ones 
most often injured and most often abeumt. 

There is also the loKs due to Hie lack of codperation Hiat 
comes as a result of the discontent due to over-fatigue, and 
the resentment duo to a belief that the management has not 
done all It could to provide for the workers* relief from un 
necessary fatigue. 

These losses are real and tremendous, though to some thev 
may seem intangible. 

To those who have not considered the astounding costs 
to our nation due to unmK!essary fatigue, or who do not 
believe that their own organisation is paying ht^vlly for 
not eliminating sudh fatigue, we recommend the making of 
a regular Fatigue Survey of their own conditions. We have 
found that such a survey will pay in an organisation, laige 
or sniull It will pay when there are 10,000 employees, and 

"DsllvereO before the Society of Induetital Ihigineere UctoMar 29, 
1919 

^8ee ’^Induetrial FaiiUrtte In Ite Relation to Maximum Output* by 
Ftrof IVenry J Spooner, C H F Q S , publlahcd by George Routledge 
and Sonii. T^td 60 Carter Uino K C , I^>nd(»n 


LiUiim M. Gilbreth, Pb.D. 

it will also pay in the smaiilest of organlsatloQS, even in ona^a 
household. We have found It to XMty iaripe dividends in the 
one, and to help solve the help problem in the other. 

Another feature that Should be bsought out tn coamectton 
wiHh the of etlmlnating unnecessary fatigue is that 

all countries are now beset wHh labor trembles. The cost of 
living and the amount of wages are traveling upward in an 
endless spiral, and raises of, pay, although large beyond 
precedent, are not satisfying to the worker becanse their pur- 
chasing power is not simultaneously raised* Too many of 
our population have not the slightest conception that there 
Is such a thing as an actual science of economics, and many 
of those who have, have no true conception of tts principles* 
This statement does not refer exclusively to those of Utile 
sohooUng. There are many so-called ’‘highly educated” people 
who are still clinging strenuously to false oonc^tions and 
theories abandoned long ago by practical economists. The day 
when the majority of the voters will be prepared by education 
to rote correctly on the great eoonofpiic quesfckms is in the 
far distant future. Nevertheless there are certain fundamental 
principles that could be taught In all scdmols, even in the 
prlimary schools. 

For example, It Should be realised that a ^person’s true 
punhamng power is his producing potoer. It Jiftiotild be real- 
ised that the greater the production the cheater the prosper- 
ity. It should be realized that any kind of waste cuts down 
the producing power, and therefore the earning power. 

These are most elementary and fundamental principles. It 
would seem that they are obvious, but on the contrary they 
are to a large portlcm of our population by no means obvious 
There are hundreds of thousands of people today advocating 
the reduction of Individual outputs as the only cure for all 
industrial Ills. 

Now of all wastes and of all hindrances to production, 
unnecessary fatigue is the most senseless. It does no <me 
any good. Its elimination Is a problem in which everyone 
can share, and all can share also in the benefits derived from 
this elimination It la a subject of prime importance because 
the Interests of the employers, the workers, and the public 
are identical, and therefore cooperation on fatigue elimina- 
tion will foster better Indusfrial relations 

Let us not postpone the beginning of this campaign for 
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tbe eUtnlnttbioii ot unnecesary liivtiKue until the divlBion of 
the proflte reealtlns from It have been determined and agreed 
upon. The aavage Indiana knew better than to postpone the 
aocumulation of the spoils until after the arrangement of 
division was determined. Let the aceumulaitlon of the spoils 
begin at once. 

Now how can this campaign be started, and when can it 
be made? We urge that the first Monday in Decenil>er each 
year he recognised bm the day' on which all organizations 
take up the subject at meetings of foremen and others, and 
tluut the work of other organizations be exchangod and 
studied. Most satisfactory work has already been done along 
this line by Professor George Blessing of Swarthnioro College 

We have found that the first and logical place to start is 
^vith a fatigue sur\’e> The more syslemathally this is un- 
dertaken and the more carefully It is made, the better, but 
the roughest and most casual survey will Instantly reveal 
oportuntties that will nvore than repay the wwt and satisfy 
any religious yearnings one 
may have, as an executive 
or an employer, to comply 
more nearly witlv the 
Golden Rule. 

Aa a matter of fact, the 
Golden Rule os a methml of 
attack In fatigue study, aa 
well as a law of manage- 
ment has never been ex- 
celled. The lack of inter- 
est in tlie past in the fa- 
tigue of the workers would 
justify the old saying, 

“Man's inhumanity to man 
uptakes countless thousands 
mourn,*’ and inspire a new 
saying, “Executives* lack of 
knowledge of the least hi- 
tiguing way to make large quantities of producti^on makes 
countdess stockholders kick,’* This may be the viewpoint 
necessary to arouse the IndilTerent manager and add an inter- 
ested to the disinterested motive. 

In thO fatigue survey perhaps the most Important data 
are those which have to do with lighting, including glare and 
reflection, and wWh alternate sitting and standing There is 
no excuse today for insufl!icient lighting or for poorly dis- 
tributed lighting. Information regarding the good work done 
by Proftiseors Scott and* dewell and others on eflldent light- 
ing la now available, and the i^adows and glare from im- 
properly arranged artificial lighting are no longer necessary. 

The factory with fbo madiines painted black, the dark 
dadoes, the “neutral tinted” walls, the piping systems painted 
distinguishing colors all over instead of at their fittings only, 
would-be rkUcuhHW If tb^ were not so paljhetle. All sorfieices 
of all factory woiicroioms shouM painted white. There 
should be a national law that all eneftosed stairways should 
be painted completely white on the 'tmtire c^lng and down 


to the floor,' The wiiltcr the atlrway, the more light and the 
easier for tiie tired worker to see his way and avoid acci- 
dents. More people are killed yearly In the United States 
by falling down stairs than are killed on the railroads, and 
the maJorMy of these accidents are avoidable with idlght cost 
and effort. All closets and all lavatories should be painted 
white. 

Walls that are painted a dark color from the floor to a 
height of from four to six feet can be found In the majority 
of factories at the present time. This is for the purpose 
of hiding the dirt It is the old plan of putting on powder 
Instead of washing the face. The dirt is there just the same, 
but it la arguid, *‘you can’t see it, and it looks nicer” To 
keep a thing clean, paint it white. 

Dirt that stiows on the walls and on the inaohlnes is seldom 
of importnn<*e oorixpnnHl with tho l^enefits of more light In 
a factory, and the wf>rkers are always more careful 
when dlit shows The same thing applies to machines 

Our nxords show that work- 
ers keep machines in bet- 
tor condition wrhen they are 
paInttNl white, and when all 
dirt Is thus made to show. 
White machines result in 
less spoilage The whole 
tone of workmanship is 
btjtter when machines are 
painted white, even when 
they gi't (Inubod with oil and 
grease 

The imwnt lack of knowl- 
edge ri'gardlng proper paint- 
ing often leads to amusing 
results We had one client 
wtio had painted all Interior 
surfaces of his entire plant 
the color of pea soup be- 
cause an artist friend »ald that that color was “most restful,'* 
and in his desire to serve his employees he made the order 
to paint most eraplmtlc, and the darkest rooms In the cellar 
were as a result also painted pea green. It Is needless to say 
timt ithey are now being gradually changed to white. 

We have carried on some research and studies in our lab- 
oratories on finger key-stroke machines. In speed contest 
work, and In methods of least fatigue, with moat lutereatlng 
results They Illustrate another reason for painting all walls, 
and surfaces and nuaf^ilnes white wherever possible. Tbe 
depth of focus of the eye Is almost exactly prcfportlonal in- 
versely to the diameter of the pupil of the eye, and the diam- 
eter of the pupil of the eye varies inversely with the lighting 
Now the greater the depth of the fOcus, the less the muscles 
must adjust the c»nvexlty of the lens of the eye. The pos- 
sibilities of the elimination of the t*ye fatigue, which iiieans 
general fatigue is rarely realised, and the sliinple devices that 
are now available for meaauring actual lighting results are 
unknown to most executives and workers. 
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Chairs irtiare with liehittng tiie moat tenportant itooe In the 
problem of eUtndnatinff unueceMary fatigue. Any kind of a 
4 ^halr, ateel, box, or rail to eiit on is better than nothing. 

If cue must decide between a poor seat and no eeat* the poor 
seat Is usually mucfi less fatiguing, ftlnny kinds of work 
that do not seem to lend themselves to being performed whUe 
sitting can be <HIVclently performed sitting simply by having a 
choir specially made or altered to suit the Individual case. 
Many kinds of work that appaently cannot be performed 
while sitting have oc*caslonal periods of unavoidable dela> 
during which a worker could utilize that time for resting, If 
he were provided with a chair available at all times for such 
periods. Bitting down at least a minute or two each half hou^ 
while working makes a big difference In the total fatigue ^6f 
the day's work as compared with not sitting at all. 

Expert salesmen all agree that the seated salesgirl Is 
psychologically handlcap|>ed to make the sales and that to 
sell the average female customer she should be In the atti- 
tude and posture of the standing server dcdighted to serve re- 
gardlss of self-comfort. A slogan “Buy of the seated salesglrr' 
would help this coudlllon. 

At almost no cost, factory workers oan have their work- 
places and dhalrs designed or altered for their Individual 
measurements, and in the majority of oases should have the 
table or bench made for working at standing height and a 
chair arranged to maltnaln their elbows the same height 
above the floor while either sitting or standing. This Is not 
intended to convey the idea of sanction or approval of the too 
cmoonou bookkeeper's chair, with Its inhuman round top and 
ito <H>portunity for the bookkeeper to Imitate a woodbine 
around and through its legs and rungs. That chair was 
made to satisfy the requirements of a manager of rales of 
some great furtniture concern who did not care what was done 
with it after the typical purchaser was convince that the 
original price was not high compared with its durability. 
Most such chairs are too durable. The average chairs of 
offices and factories are like the traditional definition of a 
coffln — “The man who made it dldn*t want it, the man who 
bought it didn't use It, and the man who used it didn't have 
much to say about it “ 

The workers generally have not until recently entered Into 
the fatigue eliminating (timpalgn as heartily as we had 
hoped and expected. At first we were puzzled, bift soon real- 
ized that some of the young workers had not so much need 
of the antt-tatlgue devices, add that the strenuousness of youth, 
of course, set the fashion. The older employees naturally did 
not care to emphasize their excess fatigue. But when the 
graifliical record chows the difference In produictlon, It puts 
the matter on a sound footing of economics, as well os com- 
fort and satisfaction, and now we are getting the cooperation 
and intelligent help from the workers, 

Proper eyeglasses will eUmlnate much unnecessary eye fa- 
tigue, Probably no factory can afford to have Its workers 
without the services of a skilled optometiist The nuipiber of 
workers who need eye glasses or who have Improper glaBses 
Is much greater than Is usually realized. We kno^ of cases In 
which vigorous workers around forty-five to fifty years old 
have been tired out, apparently, at quitting time dally and 
whose earnings dropped off wlif^out apparent reason, In some 
cases as much as 20 per cent, who later exceeded their best 
records of producHon after being properly fitted with glaraes. 

One of the most ridiculous features of our fatigue elimi- 
nation campaign la the female of the species wftio becomes 
thereby convtoced of the general principles ,of the plan, and 
who becomes most enttraslastic to help In the campalgo for 
the culmination of all unnecessary fatigue, and then comes to 
work wearing the most pointed toes and the hlgheet of high 
heeled shoes proeoraMe. This person ranges from the college 
post-graduate private sec;retary type to the tuberculous un- 
der-pald, under^noufiidwd filctory girl from the * poverty 
stricken family. * , . 


fteuAW, im 

High heels god pointed toee hare their plaoek a most deflalte 
place, and they wUl pmd«hly enddre, and their end la ndt In 
sight, but that place la not In the ^aket halt court, hand hall 
court, on the gold Untca, or the tMMieball fleld, or on Mo work. 
Here la a place In Me Fatigue Bllmtoating GamiMiign whnn 
women at home can help hy setting Me {noper exarngfle. Hl|^ 
heels and pointed toea worn during the work hours nboold be 
made the ^dge of Ignorance or of poverty, or of both. OMey 
cause fat|irua. ^Hiey reduce ootpoto. They decrease natkm^ 
production, when Mey are worn during wwktng hooTi. Per* 
haps Mey also cause acme physical diacomfbrt, hut apparently 
not enough discomfort to offset Me satletkctlon Mey give tnm 
the ooneclonsness of weering Shoes during working hours Mat 
oMer peoide wear evenings only. Work Monhl be treated aa 
the grentest of all sports, and working shoes shonld be sdected 
accordingly. 

Life is too short to tell this to women in a plant t It must 
be made onfaMionnble by those who set Me fashion, and this 
is no Job for production engineers! Women are not, how- 
ever, the only ones who wear shoes unsulted to Melr va- 
rious hours. The photographic records of soldiers’ feet per^ 
manently dATormed by wearing impropinr shoes prior to en- 
listment, collected by Colonel W. O. Owen and othor oflicera 
of the Surgeon General's department are astounding. Mr. 
Elmer Jared Bliss hae done m<m than any oMer dvilian for 
correctly fitting shoes to soldiers. It la a fact that over 
80 per cent of Me soldiers In our army were ndafitted be- 
fore his Invention and system wetp adopted. (See army 
records.) The one best way to measure and fit Uhoee has 
since been micro-motion studied and standardized. 

There are some things that we can all do to help. All 
workers must be taught to arrange their dally work so that 
It will bave less unnereasary fatigue. All workers shq|pd be 
induced to undertake Fatigue study. They should be Uhown 
that Fatigue Study is a first step In Motion Study, and usu- 
ally the most Important factor in Motion Study. By studying 
the phenomena of fatigue, one acquires the habit of Mlnklng 
in terms of Me elements of motlous, and aa a result Increases 
one’s earning power much higher, for the worker who can 
teach other workers Is invarlnhly t)etter pold than one who 
cannot. Fatigue study will raise one's earning power. It will 
decrease one’s fatigue. It will Increase the length of one’s 
productive working life. It will enutde one to serve his 
ftdlow men. And the possible savings to the nation will be 
the product of 35,000,000 iieople worMng 300 daya each year 
or 10,500,000,000 man-days, t'lmt's the average amount that 
the extra productive time and moductlvlty is worth per day. 
The sum thus arrived at is but the annual payment on Un- 
necessary Fatigue. The total sum is astounding, especially 
when It Is realized that these great savings are possible with 
comparatively little effort. 

Our country must have greater production in the imme- 
diate fn^fe- The employers want tiwre profits. Labor wants 
higher suges. The public must have greater iticllviclual pur- 
chasing power. This combination can be helped only by elimi- 
nating waste. The elimination of unnecessary fatigue offers 
the greatest opportunity, and the members of this society, 
under the leadership of Its eminent president, will rospcmd to 
tlie needs of the people of this nation now, as they did in 
the world, war. 


CORN AS FUEL FOR STEAM BOILERS. 

Whrn Me war CuC off Welsh coal from Argentina and a 
large atodc of com accaintilated owing to ahortsfe of railroad 
transportation the experiment was tried of using com as a 
fuel. It was found to have the same calorific valne as hard 
wood or about 2.5 of com to 1 of beat WMM steam coal. It 
is luiualty burned m the cob but if gronod to tbo slae of 
medium sand and iiown into Me fUroace It gives a result In 
which there is a 2 to b comperison wlM coal.— From RoUwoif 
Gazette (British). 



Practical Applications of Selenium — IF 

Its Utilization in Biological Chemistry and in the Glass and Rubber Industries 

By Louis Ancell 

(Ooatfauod Awm Ottr JanuAry iMua) 


T HB mo9t Important applloattons of selenium lie vithin 
the domain of electrical technology and all proceed 
from the dteoovery In 1873 by May, a preparer for 
Willoughby Smith, of the photo-electric property of this sub- 
stance. This discovery ^was announced for the first time by 
Smith in a communication made to Latimer Clark, the Presi- 
dent of the English Society of Telegraph Engineers, Feb. 12, 
1878. The statement waj^ made that the conductivity of a bar 
of crystallhsed selenlura augments or diminishes In propor^ 
tlon to the degree of illumination it receives. Werner Siemens 
was one of the first sdentlsts to utilize this property for 
constructing selenium cells in 1875. In 1878, Graham Bell, 
assisted by Summer Talnter, constructed a selenium photo- 
phonic receiver which enabled him to hold communications by 
wireless tek^phony for a distance of several hundred meters. 
The selenium cells prepared by Beir were flat and 



FIG. 1. BXTRA-SBNamVE FIG 2 THE SENSITIVE 

WOUND SELENIUM CKIA. CEliL IN A VACUUM TUHK 


consisted «0f two circular metal platt*s pierced by holes and 
separated from each other by a disk of nilc'a In the holes of 
one of the plates brass pins were fasteiuHl, which penetrated 
the holes of the other plate, but without touching them. The 
annular space between the lioles and the pins was filled with 
melted selenium and the whole was then hi^ated over a gas 
Jet, by which means the selenium was transformed Into the 
slntey gray crystalline modification which Is sensitive to 
light 

Bell and Tnlnter also constructed cylindrical receivers oop- 
slaClng of a pile of disks tomposed altermilely of brass and 
mica. The mica disks had a smaller diameter than tlioso of 
brass, so that the annular |:roove thus left beiween the two 
brass disks could be filled with molten selenium. All the 
nibtal disks of even rows were connected wKh one terminal 
of the apparatus and all the metal disks of odd rows with 
the other terminal; the molten selenium constituted a aeitil- 
cohductlng bridge between the two poles. In the Bell re- 
ceivers of the flat tyjie the ratio of the sensitive surface to 
the total surface is equal to Oil, while in the cylindrical re- 
ceivers this ratio is considerably greater, being equal to 0 0 

INDUSTRIAL CRLL6. 

We OUTBfelves have Improveil this last device in our indus- 
trial cells consisting of piles of metal plates separated by very 
thin Insulating sheets. All tihe plates are bolted together by 
carefully Insulated bolts, the even plates connected with one 
terminal and the odd plates with the other by means of eon- 
ductora brazed upon the plates. One of the faces of tlte pile 
is very carefully erected and adjusted, the insulators being 
flush with the edges of the plates so as to present a surface 
which is exactly plane Without having Irregularities scattered 
over lit Upon this thoroughly uniform surface we pour an 
Inflnit^ thin layer of selenium and transform tt by the con- 
ditloim des<TH>ed above, to the aforesaid violet ray crystal-, 
line niodlflcatlom These pile cells are quite strong, but their 

^TvajisUtlid for the fideatiOo Amortcan Monthly from Chemi^ et 
/adsairf# (Pssds). 

«Dtt HencM, fe Mkrophoae, is Badiopbo&s «t la Fhonographs, p. 
lot, Paris, 1888. 


sensitiveness is less and their inertia more marked than In 
our extra-seasiUve wound cells. 

The latter, like all cells of this kind are constructed as 
shown in Fig. 1. Upon an insulating supixirt of suitable 
nature two naked metal wires are wound; copper wires, for 
example, well Insulated and spaced at a very slight interval 
apart but always parallel. Two of the extr.nnltles are free 
while the other two constitute the i»oles of the apparatus. 
If the suppt^t is fiat one of the surfaces thus coiled is cov- 
ered with melted seleniinn which is tlien brought to the violet- 
ray crystalline state by a special treatment under a moder- 
ate pressure If the supiiort is cylindrical the entire surface 
of the cylinder must be seleniatt'd. Tn our cells the distance 
between the two wdres is 0.04 min. and Is obtained mechanic- 
ally by the aid of a siieciul coil winder The diameter of the 
wire Is comparatively small and usually varies betwetm one 
and five-tenths of a uillllmcler We had oliserved that this 
distance corresponds to a normal tension of 4 volts or one volt 
per one 1/100 of a millimeter of the distance between the 
electrodes, a distance which It is convenient not to exceed, 
so as to avoid stresses whlcli might cause di'terioratlon of 
the cell. 

The Insulating supiiort must answer to the following condi- 
tions: It must lie strong, non-fusdble at a red heat, non-at- 
tackable by the melted selenium and the heated metal wire, 
non-sensitive to variations of temperature and to humidity, 
and must act as an Insulator when hot us well as when cold ; 
finally it must he capable of lieing fashioned rawhanlcally so 
as to he brought to the desired form and dimension. 

After Winding an attempt is made to insulate the cell and 
If tilie result is favorable we proceed to simsltize It and then 
subJtKit It to different tests, including the resistance to the 
light of a 16-cnndle power lamp, placed at a <11stance of 10 
centimeters from the cell and in the dark; the measure- 
tnent of the Intensl'ty of the current which traverses the cell 
under the same conditions wlieii a four-volt accumulator Is 
plaml In the circuit; the measuremt*nt of the sensitiveness 
at various dislances (Fig. 3) and of the sensitiveness or non- 
sensltlveness to nidiatlons of various color; and lastly the 
measurement of the Inertia 

The limits of this article do not permit us to give the de- 
tail* of all these we Will, therefore, describe only two, 

whldi may possess a certain degree of importance from the 



Fia a. HENHITIVENiKI^ OP SELENIUM AT VAUIOUS Dig- 
TANOIW PttOM A Itt-CANDLE POWER LAMP 

point of view of applications in industrial chemistry, i. e. the 
measurement of the sensitiveness at different distances and 
the measurement of the Inertia. It should be stated to begin 
w!4(b that these measurements are capable of being made no 
matter In what mode the cell is constructed. 

These measurements may be made, in fact, wi^ cylinders 
having a seleniated surface; these cylinders (Fig 2) are 
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generally enclosed In a glaas vacuum tube iirovided 
with a screw aocket like that of an Incandeecent lamp^ Our 
cells are umially made In the *dat form and ihounted In a 
wooden box with or without a cover; the dimeoalona of the 
said box vary with the sensitive surface proper, upon w^ich 
a transparent protecting varnish is spread to prevent air 
or humidity from producing deterioration of the very thin 
layer of selenium, whose thickness Is, in fact, only one or 
two l/lOO of a millimeter. 

TJie Measurement of St^isitiveneas, — The s^ltlveness of a 
hell Illuminated by a source of light having a constant inten- 
sity (a candle for example) at increasiag distances can be 
conveniently measured in the following manner: The cell is 
placed vertically upon a thick support, the height of the 
flame corresponding to the cenfter of the senstitive surface. A 
milli*ampere-meter and an accumulator are placed in a circuit 
connected with the cell Upon a line perpendicular to the 
surface of the cell there is then placed a ribbon divided into 
centimeters; a candle is moved along this ilbbon and the dis- 
tance of the candle from the crtl, together with the indica- 
tion given by tlie milli-aropere-meter are carefully noted. The 
curve of sensitiveness Is constructed, wttli the degrees of 
Intensity in mllll-ampen's in ordlTiates and the distances in 
abacisme. The curve obtained Shows that the sensitiveness 
decreases very rapidly at llrst and afterwards maintains an 
approximately constant value as the distance Increases. This 
fact Is of interest with respect to various applioaitions, particu- 
larly in the chemical industry for the control of the draft of 
factory chimneys (or the stacks of steamhoats) and for con- 
trolling the rate of progress In a sulphuric add plant where 
the catalytic process is employed. 

Ths Measurement of InertUi, — ^The measurement of the 
inertia of the cidl is of importance for certain industrial or 
sdentlflc applications, since it is often necessary that the cell 
should react without delay according to the variation in the 
Illumination which it receives. It is well known that this is 
not always the oaae with selenium and an attempt is made 
either to compimsate for ttiis Inertia by devices which are 
sometimes very complex, or preferably to diminish it. It is the 
latter solution which we have adopU^d and we have suc- 
ceeded in obtaining <vlls whose Inertia is negllglhle from the 
industrial point of view for the Illumination received from 
luminous sources of a low degree of Intensity (from 10 to 100 
candle power) ; this Inertia is in general 0 02 per scKond. The 
determination of the Inertia can be made In the form of 
curves by the eld of measuroments of resistance or, better 
still, graphically by the following process. Invented by us 

For this pun>ose, tAie cell under test, is placed at a dls- 
tanev of 10 cimtlmeters from a 16-candh^power incandescent 
lamp and controls through a 4-volt accumulator one of three 
styluses of a recording apparatus. These styluses trace ree- . 
ords on a drum coated with lamp black. Suppose the right 
hand stylus is controlled by the cell, then the middle one is 
vibrated by an electric tuning fork to record hundredths of 
a second; wiiile tive left hand stylus is inserted In the circuit 
of the lamp which illuminates the cell This circuit la peri- 
odically opened and closed by an electrically operated pendu- 
lum. The lamp Is momentarily illiiTninated when the pendulum 
closes the contact, and is extinguisilied immediately afterwards 
The duration of the illumination, 4, e, the duration of the 
cmitact of the pendulum is 0.15 sec. The cell Is Influenced 
by the lamp during this short space of time. The three 
styluses trace the turves (Pig 4) which indicate, respectively, 
at the left, the duration of the Illumination het^^ the 
points A and B in the middle, the hundredth paths of a 
second, and at the right, the roa<rtl<m of the cell. 
Because of the inertia of the various mechanical parts which 
are In motion, the cell does not react inunedfately ; moreover, 
this mechanical inertia is constant. The difference between 
the lengths AB and A, expa*essed in hundredths of a second, 
gives the inertia of the cdl under test. In the cai5» shown in 
the -figures, AH = 0 16 sec. and A. Bi = 0/17 sec^ Hence the 


Inertia of tbto cell la 9.09 eec., an nmoant which Ih pnetleaUsr 
n^Uglble from tndtwtrhd jnotni ^ vivfir. 

Let ua aOd finally a detail 'whl<i'l* of aome tanportance: 
Iheae extra aenaitlve cdls may be made to laat a veiT hmc 
time by taldns certain predKtitleiui, Inclodllag the hTotdance 
of abocka, of bhmldtty, and of andden dlffeienoea of tem|»er> 
ature; thus a oMl oonstmetad by tu In March, 1812, twe the 
photometry of the eelipae. Is at the preaent moment (Ifaroh, 
1018), Quite as itood aa at the begtiHUns. The meaeorement 
of the In^ia of selenium cellar can also be made aa we have 
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already proposed* by two other distinct procesaca, some- 
what less oonvenlent In character ’ 

1 The graphic process by meane of points made by haad. 

2. The idiotograpldc process, wiitch Is entirely automatic, 
eUlter by employing the device of the oscillograph for the 
rapid voriallons, or by the pixx'ess described for the photo- 
metry of the eclipse. 

The graphic process omsists In measuring under conditions 
that remain identical the resistance of a cell connected with 
a 4-volt accumulator and with a sensitive ohm-meter, first 
in the dark and then in the light of a metal filament Incandes- 
cent lump of 110 volts and lO-candlo-power placed at a dis- 
tance of 10 centimeters above the sensttlvo surface of the 
cell. Upon a sheet of paper ruled into square millimeters 
there are laid off in ordinates tlie resistances expressed in 
thousands of ohms, and in abscissae the times expressed In 
minutes. 

The resistance of the cell In the dark (after a stay of fifteen 
minutes at least) Is noted and the cell Is then inundnated for 
00 seconds by opening a shutter placed between the lamp and 
the cell. We then note rapidly the new value of the redlet- 
ance and repeat this from minute to minute, the cell being 
placed again in the dark until Its return to the Initial value 
which It possessed in the dark (a period of about 20 minutes). 
The points thus obtained are then united by a contlnuoua 
line which gives a curve which descends very rapidly be- 
tween the first point and the second point and afterwards 
^owly ascends for* the following point. This curve repre- 
sents the Inertia of the cell with respect to a glveti degree of 
iUumlnatloa. 

To cipher this Inertia we construct the theoretical curve 
of « supiposed cell without inertia, and we Intagnute^ for 

•U^ AaesL Av«alr dsTa T-a.!*. (ITataie^ WlrsleM Tetesrspa^ 
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cdttjrirtflad batwaw th« tb^oratle corra, tbe axw of tlie oodrdl* 
natd and tbe la#t ordiiiatd wlidi reapect to the laet point 
idsed. We obtain a Toine B. In the aame way we maloe a 
nelfr tntecnatlon of the surface oompriaed between the real 
cariro oMalaed by pointe the axes of coordinates and the last 
erAnate. We <^ln a value A, whl<di is smaller than B. 
Inertia Is smaller than 1 and represents the inertia of the 
cell. Khe dcaer the approach of this ratio to unity the better 
Che oeU and the feebler its Inertia. If we have no planl- 
meter we opeiwte by weli^'lDg the paper. The surface B Is 
first cut oat and the scrap of paper Is weighed to within 
approximately a dembmllllgram ; then the same thing Is done 
for the surface A; the fatio of the two rates thus obtained 
represent the Inertia of Ihe cell. It Is necessary to repeat 
the same operations upon a cell In Identioal conditions at 
various times In order to obtain an Idea of the variations of 
the Inertia and an Indication of the vitality of the cell; In 
point of ftict aa soon as A perceptibly diminishes the cell 
gradually deteriorates. B 

The pbotograiAle process may be employed In two different 


ways according to whether It is desired <o measure the Inertia 
of a'edl Ulnminided by a source of light whose intensity pro- 
grssslvAy decreases and then gradually Increases after readi- 
Ing a minimum point, which point may even- have complete 
obscurity (this Is the study of the inertia of the cells em- 
ployed In the photometry of eclipses by means of the appa- 
ratus described above) ; or again by the measoremont of tihe 
inertia of a cdl illaminated by a source of light which has 
been rendered vibratory by the aid of a sound, for examine. In 
order to study the behavior of a cell subjected to ‘a sertes 
of rapid variations and of a feeble luminous intentdty (this 
Is the study of tbe inertia of the cells employed in the pro- 
cess of wireless te)eph<«y by means of luminous waves). In 
the latter case we make use of an osciHagraph or of an 
apparatus conaiating of a sort of Pollak-Virag photo-tdegraph. 
The oscillograph is too well known to need description here 
The Pollak-Vlrag aiqmratua consists in sum of a photographic 
recorder in which the mirrors set In motion by the telephone 
membranes r^lace Uie styluses of the graphic recorder pre- 
viously described. 

(To be contfnaed.) 


The Art of the Apothecary 

Its Ancient Origin and Modem Development in France 

By Jacques Boyer 


T HB iQ&ladies from which mankind suffers doubtless had 
their origin in the earliest eras of human life, and the 
Idea of applying remedies to them must have entered 
the minds of our most remote ancestors, causing them to make 
trial, at hazard, of medicaments of whose healing virtues they 
wore in ignorance Then, when the experiment chanced to be 
followed by a .cure, the same drugs were prescribed In similar 
cases. Thus were bom in human societies the professions of 
the physician, the surgeon, and the pharmacist. 

In an era nearer our own tiimes there appeared In Egypt the 
class known as "*rMzo tomes/* freemen who made a practice of 
gathering the plants used in therapeutics eifther on their ac* 
count or for some professor of the art of healing. There ap- 
peared likewise the “phamtacopolcs/* or makers of vegetable 
extracts, and the pharmaceulrlbes, who confined themselves to 
assembling medicaments for sale As for the products which 
were used In medicine from the time of Hippocrates to that of 
Galen and Avlcenne, a considerable number are still employed 
today— oplumf and the poppy, among narcotics, wormseed 
(absinthe) as a febrifuge, eye-salves, cerates, unguents, po- 
mades, etc. While tbe “Mlthrldnte" (a preparation supposed 
to protect from poison and to act as an antidote therefor) and 
the **Theriaca** (an antidote for poison), which contained 
v1|)er’B flesh among other IngrodUmts, are no longer regarded 
as universal panaceas, we still make use of the formulas of the 
Arab Geber for certain mercurial preparations. 

Furthermore the ancient ofiadnal processes of Athens, Rome, 
and Alexandria mudi resembled our own Infusion, decoction, 
expression, and distillation are currently employed. Modem 
InsirumentSi to be sure, have been Improved, but even In an- 
cient times a well-equipped laboratory Included the mortar, 
the slab of stone upon which to grind and crush materials, 
and the sieve, among other things. However, pharmacy under- 
went but slight development among the Greeks and Romans. 
In Gaul the Druids combined the practice of medicine with 
religion. They prepared from plants topical applications and 
va,rioas draughts. a 

J4iter, when one land had been penetrated by Christianity, 
the DruMlcal tradition was carried on by commutiitles of 
monks. At once priests, physicians, and pharmftctstE, they had 
scarcely any rivals In the art of caring for the sick until the 
fopndatlim of the School of Salerno. But at this period the 
Jewish physlelaoa driven from Asia Miiwr by the Arabs, took 


refuge In France. They brought along, besides tlie Moslem art 
of therapeutics, their “Krabadin,** a formulary whose compo- 
sition dates from tho ninth century. 

However, the first official documents relating to French 
pharmacy which have come down to us do not go back so far. 
The existence of this art at Pails is Indicated by an ordinance 
issued by Philipe le Bel (3811), who enjoined upon "groceir 
apothecaries'* the possession of weights and measures. In 
1330 Philippe VI le Valois Issued an order to tbe deans and 
masters of the ‘*very salubrious Faculty of Medicine” to take 
note of the character of “opiates and laxallvea in order to 
make sure that they are fresh and of good quality.” The 
same eeflet was issued for Montpellier in 1340. At Bordeaux 
an authentic record bearing the elate of 1355 proves that In 
this city as well as In the other provinces of France the 
apothecary was also a grocer. In the following centuries we 
find that the profession was regulated, and the Swiss physi- 
cian Paracekua (1498-1541) enriched the therapeutic arsenal 
with medicaments having antimony, arsenic, iron, potassium, 
zinc, etc., as their basic element. The ordinance of Charles 
Vlll., not recorded until May 5, 1620, constitutes a veritable 
code for the apothecaries of Paris. From this we learn the 
princi{)al conditions required to be fulfilled by candidates for 
this proft'sslon * First an apprentlcnAiip of four entire years, 
after which they had to undergo an examination, and finally 
the composition of a “chel d'oeuvre.” 

In 1508 J4r6me Purler, Consul of the State, was charged 
with the editing of the statutes of tho Corporation of Phar- 
maicisrts of Montpellier. The municipality of Dyon had even 
anteaattd the capital In this latter point, and In considera- 
tion of “tho public welfare, profit and utility” they confined 
the practice of pharmacy from the year 1400 to such persons 
as had undergone a successful examination before a Jury 
camp059ed of two aldermen, two physicians, and two profes- 
sionals. About this time there were published the first treatises 
of pharmacy written in French, among others the “Knrlrfild or 
Manipul des Micopoles,” by Michel Dusaeau (Lyons, 1501) and 
the “Pharmaceutical Works” of Jean de Renow, both of which 
had a great vogue. 

But while the Intellectual level of the pharmacists rose to 
some degree their fights, now with the grocers, and now with 
the doctors, kept them from having an easy life of it. Tho 
battle was particularly lively at Lyons. However, It terml- 
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nated In their favor, since in 1571 Charles IX., acceding to the 
demands of the Lyons piuinnaclsts, grunted them two sworn 
masters^ and then a code of 02 articles whlcli underwent a 
number of revisions and was not deflultely promulgated until 
much later. In 1088 Ixmis Xlll. regulated the mode of recep- 
tion of the future apothecaries 

To begin with tliere was a preliminary examination lasting 
three hours In the presence of six nurses, the two doctors 
delegated by the Faculty of Medicine, and six sworn masters 
Next rame the second test, the "act of herbs," and Hnnlly th,* 
manufacture of a “chef d'oeuvre" consisting of live composi- 
tions accompanied by interrogations. The young dls(*ip]e was 
then permitted to take his oath and to "deliver his mark Im- 
preesed npon lead to the the masters of the confraternity." 
However, since this ordinance establlslied no requirement of 
responsibility on the part of the vendor of toxic substances u 
large number of poisonings occurred in the conrsi* of the 
XVII century. This legislative defect was remedied hy the 
Grand Monarch in 1682. By this edict he interdicted the dis- 
tribution, by masters of pharmacy and by grocers, of arsenic 
realgar, corrosive sublimate, and other dangerous drugs, ex- 
cept to persons known by them. Bach official laboratory was 
required furthermore to possess a register tnltlalod by Uie 
public magistrate upon which the purchasers were nl>llged 
to inscribe their name, rank, and residence, the month and 
the day, the quantity of poison carried away, and the pur- 
posed use thereof. 

The corporation counted arnmig Its members at this time 
nmny eminent savants among whom may be mentioned the 
German Glauber, who discovered in particular the sulphate 
of ammonia, kennes, and the sulphate of soda ; Solgnette, the 
Rochelle apothecary who flrst oi>talned In 1662 the tartrates 
of pofassluni and of sodium, the purgative still employed both 
in the old world and In the new; and Nicholas Ldmery (164S- 
17151^:^ humble apothecary of the Maubert quarter who insti- 
tuted at Paris the flrst course upon cltemlstiy with experi- 
ments, and whose work entitled “Universal Pharmacy" (1697) 
was the vade-metmm of several generations ot students. 

The rivalry between French physicians and phamiaclats at- 
tained its climax about this time. Guy Patln was one of those 


whi> were most Infuriated against thoso whom he termed with 
disdain the “/rlcasaevra [this word means either a bad cook 
or fl worthless waster in general] of Arabia," and the letters 
of the Irascible practician have brought down to our ears the 
echos of those heroic-comical battles which doubtless Inspired 
MoIlerO. However this may be, and In spite of the treaties 
of peace signed between the parties a sullen hostility reigned 
lor nearly a hundred years more between the “Utnmadien de$ 
poateHcum ’’ — as Vade called them in a vulgar Jest — and the 
1 acuity. Fortunately there appeared In 1777 the famous ordi- 
nance of Louis XVI , which, stparatlng the apothecaries from 
physicians, grocers and druggists, gave uniformity to the prac- 
tice of pharmacy throughout the Iringdom and put an «td to 
these secular disputes It Is from this year that the College 
of Pharmacy, which became the only seat of Instruction at 
IHiiis, dates. It Is proper to add that this was, on the whole, 
a mere transformation of the school foundtd by a former prac- 
tician of the Capital, Nkbolas Hou8I in 1578 In which there 
existed an embry4Nilc form of Instrdctlon given by benevolent 
apothecaries. 

Under the revolution charlefanism was able to flourish since 
the decrees of 1701 hnd proclaimed the freedom of commerce; 
but following upon the occurrence of numerous accidents the 
National Assembly decided to maintain in force the former 
pharmaceutical regulations; however such abuses continued to 
occur until tho promulgation of the law of Germmial 21, year 
XI. (April 11, 1803) which created six schools of pharmacy 
for the wb<de of France and treated of the mode of reception 
and of the practice of the professlmi. The main features of 
thia still exist with modlflcatlons whlcii are of Interest only 
to members of the precession. We may mention In particular 
that since 1809 there has been no phannactst of the second 
class In our country; the sole professional dlplmna is that 
of the flrst class. 

From the end of the XVlIIth century nntU our own time, 
iffiammcy has benefited by numerous sdentlfle discoveries, 
more than one of whlHt issued from the erudUea retorts 
of skilled aipothecailes. In GMe modest tadwratoty at Koefdng 
did not the Swedtah Sdteele (1742-1780) leedate chlorine, so 
important In matteni of health, had idycerlne^ whose applies- 
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daft we ^ya ae a reauU of tlie memorable reeoarchea of 
J^ealtetilr (1822-lSto) and hl$ put^iH the introductioA of seroma 
lxit)e wxteat! thempeutlcB, Thus progress has given a ne# 
orleatatioO to the professltm of pharmacy* These tnedlcines^ 
often of hii^y complicated formulas, these biological or other 
prodocts prepared under the laws of asepsy or antisepsy, these 
animal eerums, can no longer be made in the back room of an 
apothecary Shop. Their manufacture must be mbrnmolized by 
a fe(W great factories by Pasteur Institutes or by phyiriologlcal 
latemtortes* 

TUm Is ' an accomplished fact today. The accompanying 
photograpba will enable us to penetrate these little known 
establishments where remedies which are employed in infini- 
tesimal doses — such as quinine, for example — are obtained in 
hundreds and thousands of kilos. 

How modest seem the utensils of the apothecaries of old 
compered with these gigantic vats where sulphate of magnesia 
is crystalllzod ; or with these enormous alembics where quin- 
quina and cocaine are being elaborarted ; or with these heavy 
mortars and stout pestles which crush benzoate of soda all 
day longl 

As a matter of fact the raw materials furnished by nature 
are rarely capable of direct use In the art of healing. They 
must undergo various manipulations whose object is to facili- 
tate the method of administering them to the patient — in a 
word, to sugar the pill for the invalid ! I^et us make a rapid 
review, therefore, of the principal modern methods by which 
the various pharmaceutical fonns are obtained: 

In the herbarium, a more-or-less extensive storehouse, are 
kept the wood and barks, the freshly gathered plants are 
either spread out or hung up to dry ; when completely defrtc- 
cated they are placed In carefully labeled packages until such 
time as they undergo division by means of shaving machines 
(sandal wood, quassia), by triturators (the granulation of 
cinchonas), by wlnnowing-machinea and mill-stones (linseed 
meal) ; or until they are pulverized In cast Iron mortars by 
mechanically operated pestles; or until they are ground be- 
tween granite mill-stones or sifted in order to obtain a powder 
of the degree of fineness exacted by the codex. 

Dfjvtillatlon is employed In the preparation of the hydro- 


’ Httes anfl '^tbil alcoholates — L e., those medicines In which 
.Water abili'' alcohol respectively omsUtute the vehicle of the 
basic medliHnal substance. In the majority of cases vegetable 
substances are employed either while fresh or after dealCoa- 
tlon. They are macerated for a period which varies ffom 24 
hours to several days, then placed in a retort and distilled 
over a water-bath. Sometiiues the distillation takes place in 
a vacuum, which considerably lowers the boiling point and 
prev^ts the decomposition of the essential oUh.. Tx*t us take 
as an example the niothod of obtaining the valuable febrifuge 
quinine. It, is extracted from the bark of the cinchona, which 
is first broken up, pulverized and Sifted by mechanical 
means, < and then mixed with a certain lunount of lime; 
the mixture is then extracted by heavy petroleums in a 
xncumn retort 

As a usual thing underground pipes deliver Uie hydrocarbons 
to the aiiparatus. Pumps deliver the quantities needed dally 
Into an enormous cistern so as to avoid the accumulation of 
lnflainmu1)}e substances In the work-shops. Cinchonine and 
quinine, the alkaloid w*h!ch the cinchonas contain, are dis- 
solved in the petroleum, from which they are liberated upon 
cooling. Tliey are separated by converUng Uiem into the sul- 
phate which is then allowed to crystallize in huge vats. The 
sulphate of quinine is deposited, while that of the cinchonine, 
being more soluble, remains in the mother liquor. Complete 
purification Is secured by successive crystallization, after eadi 
of which the product Is collected In powerful ceutrlfugators 
which rapidly eliminate the mother liquor. Finally the puri- 
fied sulphate of quinine is spread upon wicker-work covered 
with absort)«it paper and placed In an oven. After being thor- 
oughly dried the product Is rwidy to l>e packed in bottles or 
boxes 

Dr> or soft exlrac’ts are obtained by the more or less com- 
plete e\aporatiiou of a solution of an animal or vegetable 
product in order to reduce to a comparatively small volume 
the active medicinal principles it contains Although the dis- 
covery of the alkaloids, ac^ids, gluoosldes, and other definite 
compounds contained in plants has diminished the importance 
of the extracts, basins having a capacity of 2S0 to SOO liters 
atul retorts holding l,fiOO liters are often used for preparing 
the aqueous extracts of cocoa, of kola, of digitalis, and of 
opium; the alcoholic extracts of oolchkrum and of hyosdamus; 
the etheric extracts of canthaiides and of the male fern. As 
for the extracts termed ‘*robg” they are obtained by the direct 
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evaporation of the natural Juices of plants, such aa those of 
aconite, lettuce, belladonna, and hemlock. 

Let us now attempt to obtain an Idea of the Importance of 
the production of certain medicines derived from the mineral 
kingdom by chemical means. Let us enter the kermes work- 
shop In tlie “Oentral Pharmacy” of France at Saint-Denis, 
where we may see 25 sheet iron vats having a caipaclty each 
of 14200 liters, provided with pipes of large diameter and with 
stopcocks by means of which they can communicate with each 
other or be shtit off at will. 

Herein there Is boiled for one hour a mixture of sulphide 
of antimony, carbmiate of soda, and water, which Is then 
allowed to pass Into the evaporators that have a capacity of 

5.000 liters. The liquid Is filtered while hot and upon cooling 
there separates from It a brown, light, velvety powder which is 
placed upon wooden wicker-work covered with paiier to dry; 
this powder oonstitutos the kermea which is used In doses of 
5 to 20 centigrams as an expectorant Not far from this 
room, In the same factory Is a furnace wherein from 5 to 

6.000 Uloa of magnesia are annually calcined — (. e., a quantity 
aufBdetiit to pnrge 4 or 6 hundred thousand personal The 
wakblng of the caitwnate of magnesia requires 20 vats each 
having a capacity of 2,000 liters end the desiccation of the 
cakes of this salt is aocompllshed upon shelves arranged in a 
vast oven. 

Squally large are the vats heated by ateem In which the 
eohitlons of sulphate of magnesia are daily evaporatedb Fnmt 
these troughs conduct the liquids Into tiie crystallisers, where 
they are transformed into pretty, white crystals which are 
removed by workmen with mallets. Blgbty thousand kilos 
per year of this salt are manufactured at Salnb-Denia 

Chloroform alone often occupies a separate room whose 
Windows are provided with black curtains. In order to pre- 
pare it 10 kilos of the chloride of lime are mixed In a roomy 
retort, with 8 kilos of slacked Ume in 80 liters of water; to 
this mixture two kilos of alcohol are then added and the 
whole heated by meane of a current of steam, care being 
taken to have the container only about onw4hlrd full. At 
about 80* 0. the mass begins to seeth and almoet pure oxy- 
gen is llbersited. At this moment the fire Is extinguished and 
the distillation begins. As soon as the boiling stops a second 
quantity of the first mixture is Intwduced into the retort, and 
so M until It if full Tba heating process is then begun anew 
and a .product is collected which consiata of dilorotorm, water 
and alcohol ; after being condensed in a worm this product 


flows Into a metal container. Since the chloroform la denser 
than the two other substances It is easily separated ; It Is then 
washed with water and with potassium caibonate^ afterwards 
being dried over calcium chloride. Since the final i^oduct 
must be exitremely pure In order to avoid accidents In the 
course of surgical operations It is necessary further to rectify 
It by shaking it up with sulphuric arid, washing it wlith a 
soda solution, and then, after stirring up with irare oil of 
cloves, redistilling once more, removing the first and the final 
products. 

We must not leave the anesthetics without describing the 
apparatus whldi Is employed to extract the leaves of cocos In 
order to obtain cocaine, which also readers excellent service 
to modem surgeons and dentists. As soon as the liquid has 
been exitracted and flkercd It Is precipitated by the acetate of 
lead ; then, after removing the excess of the latter by means 
of the sulphate of soda the resulting compound la 
shaken up with ether, which dissolves the cocaine; this 
is transformed in the chlorohydrate, which Is extracted by 
ceatrifttgaitt<Hi. 

The workman then removes the pocket of doth which con- 
tains the valuable crystalline flakes and spreads these upon 
filter paper laid up<m wooden plates which are put in the oven 
until the product Is dry. 

Let us now consider the various forms of pbarmacentlcsl 
substances by means of which medicines having a disagreeable 
taste or odor can be easily admdnlstered. Formerly It was con- 
sidered anlBeient to envelop bitter powders with unleavened 
bread which had been previously motatened. But about the 
year 18T2 a practlrian of Paris named Limousin conceived the 
Idea of enclosing them In capsules of the same substance. 
They are now made by means of a sort of wafflelroa. These 
molds consist of Iron plates containing small crila between 
which a starch paste is Introduced, and they are set on a gas 
stove. * 

The same purpose Is served by capsules having an envelope 
of griatln. The envel<6tos ske made by inaertlng iron forms 
ritaped like olives in a sedation of grietlne and gain, nie 
stems of these "oUves”. ere held in a plate wb^di the <toei«tor 
rotates bock and forth so os to secure regularity of the 
vtocouB layer wUeb attoeies to the tonns. She then with- 
drawa the forms from the oolotloa sad when the capsules are 
suffldtotly she sitpe them <dC the forms and places them 
orilloe upwards In sockets formed In a board, to be filled with 
the fieslned liquid. When the caihrale is full It Is dosed by 
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by encloBlng them b?>lween the two Jaw’s of an indented metal 
mold, which is placed In n hand-press. In this manner beads 
are obtained having the form of a flatteniKl spheroid , these 
beads are readily separated from each other by hand upon 
issuing from the machine. 

Lozenges are made by the aid of an ingenious apparatus. 
A paste is first prepared of the pulverized or dissolved modlca- 
raeut incorporated with sugar by means of gum tragacanth. 
This paste is then malaxated and rolled out. It tlien passes 
between two series of cutters which automatlt'ally cut it into 
pastilles. In order to prepare the paste of marsh-mallow or 
of lichen the medicinal substance Is Incorporated with melted 
sugar and then Introduced drop by drop into special molds by 
means of a dropper. The molds ere made In the following 
manner; Rectangular wooden boxes are filled with powdered 
starch end then placed beneath a press which forms a series 
of holes In the starch and Into these the fluid paste Is intro- 
duced. 

The luanufacture of pills Is accomplished by means of pestles 
and of the “magdaleonder.” The first step is to mix the active 
substance by means of mechanical {lestles, which consist of 
enormous vertical beams covered with a heavy mass of metal. 
These are given a rotary motion by means of suitable gearing. 
As soon as the product has been pounded to a suitable degree 
of fineness, in case it baa to be pulverized, tliere is added to 
the glycerine solution a syrup, an extract, or some other 
agglutination. In order to give It the proper consistency. If, 
on the contrary the mass Is liquid or too soft an Inert powder 
is Incorporated with it. The paste is now ready to be formed 
Into pills. For tbia purpose It Is rolled Into “magdaleons” or 
cylindrical rods which are compressed between the superposed 
grooves of a machine, called a “magdalonler ” The small 
balls thns obtained are preserved in lycopodium powder lb 
order to prevent them from etlcking to each other. Then the 
balls are rolled out Into tablets. 

Sugar coated pills are obtained in a manner almost Iden- 
tical to that' In which ordinary bon-tXHM are made, except 
that the nnt Is replaced by an agglutinated preparation— Ircm, 
mercury, aniee^ dlgltaline, atropene and other active princi- 
ples. Tb 9 kernels are placed In a caldron called the "Bran- 
lanta” which is heated and has a rotary motion. Into this 
gam dlBS(dved in a Uttlp water is gradually poured and then 
a perfumed sugar syrup Is slowly added. The kernela are 
covered with this mixture by rolling against each other, and 
fay the adding of trash syrup a number of ttnes .'thay gradually 
become covered with a sugar envelep, They are whitened by 


adding a little alarch to the mixture end are finally placed 
la the oven to dry. 

^ Let us now leave the confectloneiy toom and descend into 
the oellan of the great drag Cactoilea, where the cHa batmo, 
and nngueots are mannfactuted. Let ue first glancs at the 
great cylinders made of galvanised riieet iron, whirih have a 
capacity sometimes of 1,200 IMers In whldi cod liver oil Is 
delivered directly through an opening tn the fioor pf the ware- 
house above. Just over each of Ita Gontalnem. After the first 
period of settling the oil is allowed to float Into huge dsterns 
each capable of holding 6,000 liters: afterwards It Is pumped 
toto filters which dtotarRrate it Into huge vats Hned with sine 
and tanged along the wall of the ground floor ; the spigots of 
these Xmas through a partition Into another room, where 
operators art' f-inployed in Itottling, corking, and labelling the 
oil or putting It Into oapaulea 

Unguents and pomades are often prepared In cellars adjacmit 
to tbosi' containing the oils, either by a slmiile mixture, by 
means of aolutlou, or by boiling the fatty substances with the 
active principle. The container is usually a coi^r basin pro- 
vided with a mechuni'cal niiver. This basin can be heated 
over a water bath or not as the case requires. The fatty sub- 
stance mostly employed Is vaseline, since It bas the valuable 
quality of not becoming rancid. 

Sparadrap or adbeslve tape Is usually made of unbleached 
cotton becanse its fuzzy surface retains the plastic material, 
but silk is likewise used. Tlie cotton is cut Into strips 5 m. 
long and 20 cm. wide, and the melted plastic material is then 
lioured over It The adhesive bands are dried In the open air 
and then rolled and placed In boxes. 

Since the admirable researches of Pasteur and Koch and of 
Roux, it Is a well-known fact that Injection of the blood of 
an animal Immune to a given Infection Into the veins of other 
living creatures which are susceptible to the same malady, 
renders the organism of the latter more resistant For this 
reason modern practice gives battle to many morbid infectious 
conditions, such as cholera, small pox, dypbtheria, variola, 
or tetanus, by means of anti-mlcrotdan serums extracted from 
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the blood of animals which have beeu previously rendered 
Immune. Such products are prepared la qteclal sdentlflc 
eetabllshmente For example, physicians procure from the 
Pasteur Institute antl-dipbtheric and anti-tetanlc aerams which 
are obtained in an annex situated at Gardtes (Seine et Loire). 
At this place a hundred- horses are kept, in which culture of 
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the microbes of diphtheria or of tetanus are Injected. As soon 
as these animals have been rendered immune their blood is 
collected hy means of a trocnrt Induced into the Jugular vein 
and a rubber tube connected with a receptacle which has been 
previously aseptlclsed. This container la then carried into a 
cool cellar and aifter a lapse of, at least, twenty-four hours 
the serum can be extracted by simply siphoning off the 
llQUid. , 

Such medical preparations are derived from special 
laboratories where pigs annually “manufacture” gastric Juices, 
known commercially under the name of dyspcpHne or pepsin. 
Dr. Maurice Hepp was led to found this establishment because 
fae bad succeeded In curing many of his patients afflicted with 
serious stomadi troubles by means of the so-called gastertne 
of Frdmont (ttie gastric Juice of the dog). He therefore re- 
solved to study the question further In order to avoid certain 
Inconvenient features Involved In the use of gastrene, especial- 
ly of its too great acidity. After many fruitless experiments 
he successfully replaced the dog by the pig, which has a 
stomach of very considerable capacity as well as highly re- 
markable powers of assimilation and whose gastric Juice Is 
very similar to that of man, being only slightly' add. He 
began by studying the various modes of operation which ndght 
enable him to collect the living secretion and Anally dedded 
upon the following- He excludes the stomach from the ali- 
mentary canal by cutting the oesophagus above the cardla 
and ocmnectlng It with the duodenum. He then produces a 
gastric fistula through which the secr,etlon can be drawn off. 

When a pig is operated upon It is placed upon a suiglcal 
table and chloroformed, for, as one can readily understand 
from the description this operation Is very long and serious In 
character. Thanks to this surgical invention the food taken 
by the animal does not pass through the stomach which con- 
tinues, however, to secrete the gastric Juice abundantly at 
the very moment of the food’s Ingestion. 

The subject of the operation recovers after a very short 
lapse of time and In order to collect its gastric Juice It is 
only necessary to subtend the animal by means of a special 
harness about forty minutes after its meal and Introduce by 
means of Its fistula which has been previously aseptlclsed a 
tube which delivers into a Aask a considerable quantity of 
If® ■motion, while the stirplas passes Into the deodenum 
through the pylorus, which remains open thus maintaining 
the inoper phyi^ologlc function of the patient* That this Is 
true Is proved hy the fact that upon the tam at Putts 


d'Angie where the Hepp ‘'dyapeptlne** is manufactured, one 
duds animals which have lived for three years and more In 
spite of the stomach fistula and which steadily increase In 
wedght. The gastric Juice thus collected is turbid and since It 
contains an enormous mlcrobdan flora it is nesessary to filter It 
under a slight pressure of carbon dioxide. Dr. Hepp makes 
use of carefully eterilized filters and the extracted Juice 
Issues from these perfectly limpid and of a pale amber color. 
After being bottled for a fortnight a powder Is deposited 
upon the bottom of the flask, A little bit later the product 
melts under the Influence of luminous rays. 

Finally If we would speak of all the "factories” whldh 
supply modem pharmacies, it would be necessairy to describe 
other enormous establishments also; for example, the one at 
Bourg-la-^Relne, which Is similarly devoted to the sterilization 
of absorbent cotton, luindages, cat-gut and other surgical 
material — workshops where bandages and other orthopedic 
materials are continually turned out But we must bring 
this brief story to an end since the remedies devised to alle- 
viate onr physical sufferings are Innumerable, merely re- 
marking thfit many of them affect our purses more than our 
aihnems. 
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preventing Rail Fractures Resulting from Minute Fissures* 

"Ageing” Metal Restored by Annealing 


I T has been frequently observed by many Investtgaftors that 
Iron rails are often fractured, though containing no de- 
fects due to the process of manufacture, because of the 
formation of very fine fissures upon the rolling surface after 
the lapse of a certain amount of time. Moat authorities who 
hare called attention to this phenomenon hare recommended a 
minute examination of the road bed from time to time, for the 
purpose of removing rails which have undergone this alteration. 
Very recentlyi however, the question has been studied from a 
new angle by MM. Georges Charpy and Jean Durand. They 
have endeavored In the first place to determine the method of 
formation of these minute cracks and secondly to reproduce 
them artificially, with the object of discovering some means 
of lureventlng their production which should be at once less 
costly and more certain than the mere process of removing the 
affected rail. 

Iq the course of their researches, an account of which was 
recently presented to the French Academy of Sciences^ they 
proved to begin with that the phenomenon Is very general in 
occurrence, being by no means confined to rails. This phenom- 
enon Is found In a large number of cases whoso common char- 
acteristic is that the steel has been subjected to an Intense de- 
gree of “hard hammering*' or pounding, which has been limited 
to a superficial stratum. Under such conditions this stratum 
appears to be subjected to strains of the same sort as those 
which are produced by the interplay of movements of expan- 
sion between a ceramic paste and its covering, and which 
give rise to fractures from what are called “tremors” or vi- 
brations The cracks in steel ase produced when the surface 
of the metal has been sufficiently hammered to cause It to break 
without undergoing perceptible elongation. 

As might be supposed from the foregoing remarks the 
phenomenon is particularly well marked In the case of very 
hard metals. In the case of white cast iron, in particular. It 
only requires a rather rough rolling to cause the appearance 
upon the rolled surface of a network of fine cracks, very similar 
to that observed upon rails. The same experiment (the pro- 
duction of cracks by rolling) can be repeated with tool-steels 
which have been rapidly tempered, as well as with hard 
chrome'nickel metals (metal for shells). 

These fissnres, which are often extremely minute, can be 
accenuated by treatment with acids. It even appears to be 
true, according to the present authorities, that in certain 
cases the add “develops” these fissures which existed In the 
metal in a latent state, being so slight, however, as to be 
nndiscemlble by the most minute microscopic examination of 
the polished surface; in such a case the cracks will be pro- 
duced as soon as the resistance of the superficial layer has 
been suffldently reduced by megns of the thinning action pxo- 
duced by the action of the acid. 

Analagous results can be obtained by other methods. We 
will cite one example only, which is, however, very striking In 
character. Tills consists In hammering the surface of a very 
hard metal by making upon the said surface the imprint of a 
ball by Impact, according to the manner adopted in measuring 
hardness by the Brlzmell method. Under such conditions one 
soxnetlmes sees very fine fissares upon examining the imprint 
of the ball under the lens of a microscope ; but even when the 
metal appears to have remained perfectly compact it is only 
necessary to attack it with add at described above In order to 
obferve well defined radiating fissures, which are usdally 
arranged In the form of a regular star. The length of these 
fissures would seem to indicate the extent of the hammering 
produced by the ball around the imprint itself. This expert- 
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meat succeeds admirably with rapidly tempered tools or upon 
the points of bursting-shells. 

In the steel of average temper which Is used for rails (hav- 
ing a resistance of from 65 kg. to 70 kg.) the total surface 
hammering is much more difficult to obtain ; the work of rolling 
is powerless therefore to produce this result. In order to re- 
produce the phenomenon observed on railway tracks we, there- 
fore, conceived the Idea of making us of the analogy which 
exists, as long ago pointed out by Duguet, between the rolling 
of trains and the work of the rolling mill. The test is all the 
more readily made since rolls are frequently employed which 
are made of a seml-hard ste^ of a temper Identical with that 
of which rails are made. But In a great number of these rolls 
we have been able to observe, after they have been In service 
for a certain length of time, cracks which are strictly identical 
with those produced upon the rails. 

We have also observed the same phenomenon upon the 
trunnions of steel rolls 

It la worth while to mention here another example which at 
first glance appears to be very different from those described 
above * this Is the phenomenon of the erosion of the bores of 
cannon which have been made the subject of various studies, 
including In particular the quite recent researches of Professor 
Howe and of Mr. Fay Upon examining the surface of the 
gun bore at the moment when the erosions first begin to appear, 
one readily recognizes the presence of fine cracks which are 
identical with those of the rails and rolling cylinders described 
above, and which may be attributed to the hammering or 
rolling action of the projectiles upon the riflings. 

This example, as well as that of the mill rolls, leads to the 
belief that the formation of cracks in semi-hard steel occurs 
much more readily at a temperature above normal There is 
nothing surprising in this, however, for it has long been known 
that hard hammering is particularly dangerous for steel at 
those temperatures at which the metal is colored by oxidization 
(hard hammering at the bine heat). In the case of the rail- 
road rails this condition may occur, indeed, in the slldlngs 
caused by sudden applications of the brake, under which In- 
fluence a considerable elevation of temperature is produced, as 
we know. 

The above observations indicate also that in the case of seml- 
hard steel the hammering required to occasion the formation 
of cracks can not be Instantaneously produced, but necessitates 
a series of repeated actions which produce a gradual hardening 
of the surface. This view Is corroborated by statistical relief 
maps. A very complete map of this sort has been received 
by me from M. Euverte of the P L.M. railway system. If upon 
this map we place the curve representing the number of frac- 
tures of rays in function of the duration of the service, we find 
that it exhibits a sudden •change of direction after a lapse of 
about ten years, after which time the number of fractures, 
which was previously very small, rapidly increases. We are 
here concerned, therefore, with a progressive “ageing” of the 
rails, in which ten years represent a “critical age” so to speak, 
at any rate in the case cited. 

This observation enables us to discover a remedy for this 
condition. As a matter of fact the hardening produced by the 
hammering can he constantly suppressed from time to time by 
a suitable annealing; If this annealing is effected before the 
cracks have been formed the alteration produced is completdy 
annulled — in other words the effect of the ageing process Is 
suppressed, and we may say, therefore, to carry out the meta- 
phor, that we have affected a “rejuvenation” of the metal 
whlel) practically restores It to Its original condition. This 
deduction can be readily Illustrated by means of the experiment 
dted above concerning the Impression made by a ball upon hard 
sted. If after having made the impression the metal Is 
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annealed we And that it may be attacked to great depth by an 
add without oocaalooflng the elighteet awearanoe of a 
fissure. This sitperflclal annealing Is comparatlysly easy to 
apply In the case of raUs. Descripticms have recently appeared 
of ovens mounted upon wheels devised for the purpose of pro* 
duclng superficial tempering of the rolling surface of railways. 
The same apparatus can be used for annealing even more 
readily. If this annealing be done before the critical age of 
ten years is reached there is every prospect that it will be 
possible to diminish very considerably the number of fractures 
due to cracks. Without further Insisting upon this view to 
which we hope to return later, we feel It advisable to point out 
its very general character. Whenever a piece of metal is liable 
to undergo alterations by means of local hard hammering, 
which develops gradually In the course of service — ^and ex- 
amples of this are very frequent, not only In rails but in chains, 
bolts and pins, braces, etc. — this effect may be counteracted 
by annealing at suitable intervals. To continue our figure of 
speech we may say that the ''duration of life" of certain pieces 
of metal may he considerably prolonged by “thermal cures'* 
applied at suitable IntervoUs. Needless to say we have 
here a possible means of economizing metal which should not 
be neglected. 

WIND-POWER ELECTRIC PIANT 

Mb, Janson, of Sweden, hae erected a new winduilll near 
Stoekholira for the purpose of generating electricity. The 
irregularity of the wind Is equalized by cornpelling It to raise 
a heavy weight to a conisiderable helight and the energy de- 
veloped as it falls iK'tng utilized to <lr!ve a dynamo, instead 
of the usual direct drive. 

The mill wheel has four 18-fuot sails which make 80 revs 
per minute. The total surface exposed to the wind is 244 
square feet, and produces 6.22 h p. when tiie wind bas a ve- 
locity of 23 fi'ot per «<H?ond, The \vind-motor and dynamo are 
mounted on a bracket on the top of a 20-foot steel mast, and 
turn automatically to the wind. The mast Is in turn sup- 
ported from a tlmlKT structure 33 feet high, the lower portion 
of which, together with a ground surface of 269 sq. feet, 
are roofed over to a height of 11 ft 6 In for houcHlng the 
switch-board and storage battery. This consists of 05 cells 
with a capacity of 150 ampere hours when discharging at the 
rate of 46 amperes The current is used for lighting a manor 
house and for agricultural machinery. The 2-bon weight used 
to drive the dyuatno Is suspended from a chain and raised 
by a special gear. The arrangement Is very sensitive, and 
even the slightest wind will raise the weight slowly through 
an automatic variable speed gear, wlhlle a ratchet wheel and 
pawl prevents any reversal of the moment. — Ouafav Sellerffren 
In Tekrusk Tuitikrift (Sweden), abstracted hy the Technical 
Review 

RRINFORCED-CONCRBTE PIPE MADE BY THE CEN- 
TRIFUGAL PROCESS. 

OoNCBETB pipe which have been tested without serious rup- 
ture for an interior water pressure up to 400 lb, per square 
Inch are being made by the centrifugal process for a num- 
ber of uses in Australia and South Africa, The method of 
manufacture was developed by W. R. Hume, of Adelaide, South 
Australia, and the pipe are being made under concessiems 
from him. In brief, the system consists of whirling a pipe 
mold full of concrete on a horizontal mandrel, trusting to the 
centrlugal action to compart the concrete. 

The pipe are being made In 4-. 6> or 8-ft lengths. The re- 
inforcement le of wire. In South Africa old steel winding 
ropes from the mines are heated, to anneal and soften the 
wires and to bum off grease. Th^ are then wound in 
various ways upon revolving cylinders of the same dlameiter as 
the inside of the pipe, a sort of ropewalk being used for un- 
winding the strands of old rope. 

The mold consists of a flexible 1/16-in. steel cylinder *cat In 
half lengthwise .and re*)olned by hingee and damps^ so that 
when It is <^aed the pipe can be removed. This mold It 


Kflaced hoiisontally on the rotation frictien roUecs of tha 
casting madklfles. When a pipe is to be madA the sUsI 
wire reinforcenient; ts placed inside the mold, ilaageip the 
same depth as the required thickness of the pipe waU% are 
placed on the %nA of the mold, and wet concrete of various 
grades corresponding to the quality of the iflpe required is 
introduced from the ends, whidx are open except for the 
flanges mentioned. The pipe is revolved slowly at first, and 
the concrete is automatically distributed evenly along the 
whole length of the pipe and around the circumference, and 
completely incases and embeds the reinforcement. 

The pipe is then revolved more rapidly, and the excess 
water, with any impurities, is collected In the center of the 
pipe and drawn off at the ends. Pipe of d-ln. diameter can be 
“spun" out at the rate of one per minute. Pipe 6 In. In diam- 
eter take 2 min. ; 18-in. diameter take 8 min., and 48*in. diam- 
eter 20 min. The concrete by this time has set so hard that it 
is impossible to make an Impression on It with the finger. 
The molds are run into a steam house for 24 hours and then 
opened, and the pipe are seasoned in water tanks for a 
month, usually. Pipe can, however, be put to use within a 
week. The pipe show a remarkable density, and are Imper- 
vious to great pressures either in sections or as a continuous 
line. A Joint as strong as or stronger than the main Itself 
has been designed. The ends of the pipe are recessed and 
butted together, forming a diamond-shaped cavity between 
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them. A collar 6 Id. wide, of strength similar to that of the 
pipe, it put on and secured with a backing of cement at 
both ends Between the pipe a plastic bituminous cem<mt is 
Inserted, and pressure tends to compress this in the annular 
cavity of diamond-shaped section. This makes a Joint which 
has been tesM to 400-U>. pressure. Experiments show that a 
pipe designed for KKVIib. pressure shows at 200 M>. faint lines 
of dampness; at 260 lb. this becomes a dew. At 800 lb. the 
dew develops Into a heavy sweat, and at 850 lb. Jets of the 
finest ml 8 l 7 spray appear. If this pressure Is reduced the pipe 
takes up and is as capable as before of carrying 100-lb. 
pressure. 

Until 1816 there was considerable sk^tidsm concerning 
the suitability of these pipes for high pressure. In that 
year J. 0. Boss, cl^ engineer of Hobart, recommended the 
installation of 10 miles of 18-in. pipe to pass 18,000,000 gal. of 
water per day under a bead of 250 to 300 ft This line wu 
succesitfoUy laid with a saving of $16,000 over cast Iron, and 
the pipe Is now almost universally used In wateroapp^ and 
Irrigation projects In Anstralla. Oylinders 10 ft long and VA 
ft in diameter are being made by this process for tito In 
barbor works at Bumle, Tasmania, and cyUnders 16 ft In 
diameter have been made for use as buHdlaae and silos. — 
V. If. ITstfoa In Bngi nmi nff Jfewt-Baoonl. 
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mnum pacbs and sxlk spinnino organs 

1. Model Hhowing anterior row of eyea recurved 2 Llcoaa carolioenals , eyes in tbree rows 8. Kyes in four row*, Lysomanee. 
4. Face and chelicera of Tberidion. 5. Face and chelicera of Aranea. 6. An ampuSate gland. 7. Cylindrical gland. 8 Aggregato 
gland. 8, Hind apinneret of Steatoda. 10 Lobed gland tl. Section of abdomen showing silk glands 


Spiders as Mechanics* 

Their Skill as Weavers, Miners, Builders, and Aeronauts 

By Professor E. L. Bouvier 

Member of the French liutUute, Profeaeor at the National Museum of Natural History m Pans 


W HO has not seen and admlrwl the marvelous vertical 
orb-wei) made by tboae gifted) spiders which are 
called iodltlerently Acaneua or Bpeira! Kadlt 
spaced at equal distances form the framework and con- 
nect it with tibe helix where Insects are captured and which 
adheres tenaciously to the radii, and from the center where 
the latter converge there starts a guide line which, con- 
nects them with the ordinary retreat of the animal. In the 
case of the diademed Epetra (Arancua diadematua) this la a 
simple shelter formed by a few leaves loosely held together, 
while in the Aroneus quadratua It la a ailky shell-like struc- 
ture with an opening beneath. Lurking at bis post with one 
hand, so to speak, upon the guide line, the spider perceives tbe 
slightest tremor of the web. Has an insect been canght in the 
net? It so, he runs down the guide line until he reaches ft, 
binds it fast, and slowly sucks Its sweet Juices, on the spot if 
it Is small, but in hls retreat if It is strong. At the time 
when the eggs are laid It fkateos a cocoon packed with eggs to 
soote plant in the vicinity; and when the young issue con- 
siderably later from the silky envelop they at once begin to 
spin threads which float in the air and carry the daring 
aercmaots hither and yon. 

Bilk and Bpinnereta, — ^Whilo silk does not play so important 
a part annwg all spiders they are all capable of producing it, 
at least at the period when the eggs are deposited. This prop- 
erty Is characteristic of the chitlnous animals and la observed 
In all their groupa, at any rate ain9ng certain species, and in 
particolar stnong the larvae or caterpillars of butterflies ; but 
nowhere Is it so general and so skilfully turned to profit as 
among the eplders. 

nte ellk is a glandalar eeeretien which may be extended 
into aoUd threads as it is emitted by the apinnsrels from 
which it Issues, The larvae of Insects have usually only one 
spinnsTet which Is Mtaated upon the lower lip and from whldi 
Issuee only a single thread. But adders possess ssveral 
which are attoated at the rear opo n the ventral surface of the 
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abdomen, and each of them beam a variable number of tubu- 
uar hairs or fuauloo whidh serve as vector conduits Do 
an equal nuurt)er of small sllk-preduclng glands Being pro- 
duced by the partial or total fualoa of all these elementary 
threads, the llniahed thread of the spider Is complex in origin. 
The s|>lnnerets which daborate it are articulated appendices 
which vary In length. Four paiie are possessed by the 
PtphiatitAae, which are exotic Arachnidae in whlth the ab- 
domen has retained its dorsal aegmentatlon, while they are 
reduced to two pairs In the dosely related AvieularUdae or 
iiygalaa. On the other band the Vtoboraa Dyctinaa, Breaua 
and similar forma preserve the totality of these organs, hav- 
ing, moreover, a modification of the spinneret of the first 
pair, whldi are contiguous, project only very sllihtly, and 
form together with their fusulea a email protubemnce called 
the cribreUum. The other spiders, which are by far the most 
numerous, lack this organ and, furthermore, possess only 
three pairs of spinnerets whidi ore all grouped in front of 
the anna 

The silky threads are of different kinds but are usually 
cylindrical and are fine or coarse according to udietber tb^ 
result from the elementary threads {wodtMSd by the fusules or 
from the coalescence of these: In the suspending cable of 
ihe orb-webs several coarse cylindrical threads may even be 
Juxtaposed. The permanent helix of tiie oib-web of the 
Epdras is entirely formed of a viactd thread which la com- 
posed of a sdld cylindrical axis and vledd globnles whidt 
bold fast the ineecta which are the spider’s vlcthna; these 
globules are very -hygrometrlc and dissolve In rain water, 
while on the other hand, they idowly harden In the sun ; It is 
by means of these that the wch functions as a snare. Antong 
the cflbxellate tpldeTS the same rOle devolvea upon threads 
whidi are produced by the ctlbrdlum and are made flooeulent 
by a sort of comb, the catemMrvm which occoptes the penul- 
timate Jdnt of the hind legs; in the Vloboraa whtch weave 
a borlxontal oib-weh, the ealamiatral threada whidi are rolled 
around an axial thread constitnte the helix when the Insects 
become entangled. 
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MODELS SHOWING THE I'KOCESS OF WEAVING TUB Wl<a» OF BPBIRA SBKIOATA (»n/>PETAI«A) 


The apldi-r itarted from a branch a (t\rat plaque at left) and tiroi>ped tu branch b, Mplunlng a thread and fastening It She than 
climbed on thia thread to the upi>er branch, croised over to the point o and dropped to a point d, making the strand aa before Tlien going to e, 
she fastened one endi of the strand and spinning It behind her, went across by way of the upper tiranch to f. She then went to the nppw 

branch and dropped to this e-f strand fastening the new line at point h This puBed e-/ op sltghUy The neat strand which she put In was 

from i to a point on the lower branch below y, pulling this line made another angle in the cross strand c f as did the foltlowlng line from 

fc to b. These last tiwo strands were fastened near the center by a bit of silk, and the remaining radlt were put In by moving about on 

the foundation of the web Ttie next step in the operation was Uie laying down of the primary spiral which is Shown In this second plaiiae 
and which ended at L All these threads consist of smooth, tough silk which Is not sticky. From this point on, tlie spider uses the stieky 
threads which constitute the real snare The detatts of putting In the first of the sticky threads vary greatly. l%e spider started at m (third 
plaque) and Its course may be followed by the letters to v From v she continued In a regular qtlnal until the primary aplrail of smooth sUfc 
was reached, dbe then cut away the outer portion of the primary spiral so that aha might have more room for the snare This process «f 
cutting away the primary spiral and putting in the sticky spiral Is shown in the fourth plaque about half flulshed The laat plaque shows 
the completed web with nearly all of the primary spiral removed 


Besides the ealaiultdrum, whk*h Is proper to the Cribr^- 
lates, spiders possess organs situated at the end of the legs 
whld) are employed to grasp and to weave the thread, jl'o 
begin with there are two toothed claws to which there Is 
sometimes added a simpler accessory claw. Besides these 
organs one finds In good spinners bundles of pectinate hairs 
and, furthermore, a special hairy covering which Is likewise 
employed In weaving. . . , 

Tfie Cocoons . — Ordinarily the cocoons of spiders consist of 
a simple envelope; this envelope, which Is reduced to a few 
threads In the Mygalas of the genus Clmise, becomes thick In 
the Bpelras but remains loose and floceulent, while In the 
Drastus It is so compact that the separate threads can no 
longer be distinguished. 

The structure Is often more complex ; In the majority of the 
7’homisas and in the Lvoosas the cocoon has two valves, lens- 
shaped In the former, and nearly spherical In the second. 
That of our beautiful Argiope BrumnioM Is a double walled 
balloon which is truncated and fringed at one of Its ends; 
its Internal envelop Is a sort of cylinder provided with a lld 
which lifts at tlie tnom«mt when the young appear; It Is at- 
tached by a loose tuft to the external papyraceous wall which 
tears In the sunalilDe when the offspring Is ready to come 
forth. This tuft Is often accompanied by various ddbris In 
the double walled cocoon of our Tegenaria. Sometimes the 
cocoon Is suspended by a pedicle as in the case of the 
iiproeca bntnnea In which It is In the form of a graceful 
silken amphora covered with a layer of tempered earth ; it Is 
separated by a diaphragm into two stories, the upper being 
occupied by the eggs while the lower receives the young 
after they are batched and before they leave the cocoon. 

Each spedes has Its own architectural method which varies 
with the character of the stmetnre. The large Lpoosa of 
Nartxmne studied by Fabre, builds its cocoon in the open air 
outside the barrow which it Inhabits. It first spreads a coarse 
net upon the ground, then In the center of this it weaves a 
disk of superb white silk thickened at the edges. The eggs 
are dposlted all at the same time in the ceatral depreedon, 
forming a projecting globe which the little creature oovers 
with threada It then separates by means of Its legs this disk 
from the network beneath it and folds it back upon the globe, 
thus pi^udng a sort of equatorial ridge which does not 
adhere tery closely. When it has become free the rounded 


cocuon Is about as big as an average cherry, the upper end 
from which the young Issue being thinner than the lower part. 

As soon aa this work Is finished the L.ycoM attaches her 
cocoon to her spinnerets until the day when It opens and the 
young ones emerge, after which she carries her offspring <» 
her back. All the hyoosMae attach their cocoon In the same 
manner while the Pholquas the Ptsouras and Dolomedas of our 
own land liold it against the breast attached to the venomous 
hooks called the choHeerae. 

This method of protection whidi Is very troublesome for 
the animal and none too good for the mass of eggs Is ordina- 
rily replaced by the tnoubatinff chamber Among the Bisauras, 
however, the second method merely fellows suit upon the 
first; after having carried the cocoon around for awhile these 
wandering spidens weave a huge bell-slmped structure where 
•they deposit them and where they stay on guard after the 
young appear, remaining for some little time afterwards. 
Other wandering spiders make use of the second method at 
the beginning; thus the Thotntsiidae of the gmius Misumena 
establish a hammock where they watch over their mass of 
eggs and In the family of the Clubioniidae the Miorommata 
weave a large Incubating chamber of silky tissue^ construct- 
ing it upon bushes or trees. 

There is reason to beUeve with Pooock (1886) that the spider 
“by a all^t modification of Its intelligence bas been led to 
extend to Itself the protection" which it afforded first to Its 
eggs and that In this manner the Incubating chamber has 
become a permanent abode. Furthermore, this transformatlcm 
Is effected according to two divergent manners, whose itoint 
of d^rture Is found in the family of the DrassUdast some 
of these spiders confine themselves to the construction of an 
incihatlng chamber, but Slinon (1882) notes that others 
such as the Drassodus ktpldosus make of tills chambw “s 
large, residential shtil, where they pair with each other and 
stand guard over their eggs," while the qiedes of “the group 
of D, trofftodytos do not construct the but eitiier stand 
guard over their cocoon on tiie c^en ground or else dig a sort 
of little borrow which they make ose of as thrir retreat" 
Theee are the two aorta of induatrles proper to the tribe of 
spiders: the bnrrote which serves at once as a ahdter and aa 
an incubating (hainber; and the residmUat shift which ex- 
tends Into a web but which doea not always continue to serve 
to protect the eggs. 
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BKfYoi^.— ^The eartb digging industry has 1>eeii devel- 
oped independtetly in two groups which differ greatly from 
eadi other: Lyoosoi and the AvitmlarUdae or MyiffaloM. 

In the first we can observe all the stages between an existence 
which is frankly wandering and that of an almost entirely 
sedentary life: *^he small species of the genus LycosCf* 
writes Simon (1897), **found In meadows and woods pursue 
their prey by the chase; some of them (L. nemcralie . . .) 
build no retreat, others take refuge at the egg-laying period be- 
neath a stone and surround themselves wUh a little rampart of 
earth (L. pulverulmta . . .)* while still others (L. fabrilU) 
dig a shallow shelter which is often garnished with threads; 
those which live upon shifting sand (L. perita . . .) adorn 
their dwelling with a little silky sheath which Is very slack 
and is agglutinated . » the large species dig a burrow which 
la often quite deep and Is vertical as a rule ... .its yawn- 
ing orifice is BuniK>unted by a little circular or seml-clrcular 
wall which has been compared to a bastion." In the group 
of the Tarcntula lyeo&ast at least, the digging habit although 
definitely instinctive develops only with oge: Fabre has 
proved, In fact, that the young of Lycoaa NarbonvnensiB are 
wandering spiders during the greater part of their first year 
and do not dig a shelter till the coming of autumn , he' has 
observed also that the animal establlshc^s this retreat little 
by little, that It never abandons it, and that is it incapable 
of making a second one when dislodged from the first, In which 
case It beoamos w'anderlng unless provided with another. 
This shelter is not built of masonry but is (Xiverofl with a 
little silk, at least in its upper portion 
The AvUnilariidac and the closely related Atypun possess 
in a very high degree, the skill of the miner th<»y also know 
how to construct masonry, for before weaving for their re- 
treat an envelop of silk they rough-coat it and make it Im- 
permeable by means of a mortar made of i*arth and saliva 
The galleries of these Arachniidae differ gr<‘atl> according 
to the species, being sometimes In the form of simple pits 
more or less Inclined ns In the mason Mirjala (SrmeHa 
comentaria), sometimes expanded into a jKicket in the iow^er 
portion as in the \typu8 Abhoti, and som('titm*a having a 
lateral gallerv of n^fnge as m the Nem^caia Mm^fHonalia, the 


badia modifies its burrow in the autuimi, making a setond 
orifl<*e in it. This seasonal habit becomes a custom in the 
Btofhis a^tuta which, according to Simon (1$89). digs an 
underground gallery in the form of an are in the shifting 
soil. Many exotic species make their galleries In wooit, per- 
forating the bark for this purpose. 

A young English observer, Moggridge, devoted the last days 
of his too brief existtmce to the study in the vicinity of 
Nice of the manner in which our Mygalaa establish their re- 
treat. "The legs" he says (1873), "are not employed in the 
digging and the palps are but little used; the principal instru- 
ments employed are the Chcliccrae with their A*? 

soon as a little earth has been detached and collec'bHl the 

spider comics to the edge of the hole and there deposits a 

full mouthful of material, spreading Its cheltcerar apart and 

shaking them up and down so as to let fall the hall of 
earth which It has held between the hooks and the luuvnl 
organs" Better to perform their work certain sptHles have a 
sort of rake upon the basal Joint of the c/ic/ico^ac near the 
Imok; others, ac<^rding to Simon, use the hind legs to push 
off the earthy particles detached by the c/icliccrae The earth 
dwelling Lycoaaa also work with the rhclicerac but the,v 
always lack a rake, and according to Fabre they hold the 
pellet of earth which they are carrying with the palp 

Fabre lias likewise studied the manner in which the Lyvoaa 
of Narbtmne builds the bastion which surrounds the oi>enuig 
of Its burrow. It forms it "of little pebbles, bits of wood, 
scraps of dry leaves, etc., the whole dexterously interlaced 
and cemented with the silk." And again It is the chelwtTae 
which arc employed Many Lycoaaa, especially among the 
Amcrir*an sjH'cleR i}erform similar labors McCook reports 
(1H80) that the Lycoaa arcn4Co/a builds a bastion in the 
foiui of a chimney with small bits of straw or wood and that 
at I he base of this edifice it builds a little wall of grains 
quart/ More skilful still, the L, Carotinenaea executes a 
neat bit iyf basket work. It curves, interlaces and fastens pine 
needles, so uis to form a sort of bastion In the shape of a 
bird’s nest upside down Sometimes the bastion is a mere 
prolivngatlon of the silky inner tube, as in the L. tigrina In 
which it spreads into a cone ami Inclines towards the ground, 
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' WBB OF TBB MOrfi^ROIOPB TRIFASCIATA W\BB OF THB ARANBA TRIFOLIXJM 

This and Its larger relative Miranda auraatia are among the tnoat A signal line mna from center of weh to the tent which It make* 
connptcnooB of the oil>-w«b spider*. leave* and *Hk »ome diatance off. 
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and la the Atypus AbboH in whUih it is a long tube fastened 
to the trunk of a tree. . . . Simon also mentions an Algerian 
MygOfla {Leptopelma eUmgata) In which the uprli^t bastloil 
has the form of a spreading funnel. , , . 

The bastkm is an observatiou post but above all It Is a 
protective edifice* Fabre observed that the Narbonne Lyooia 
frotLuently closes the orifice of its neat by a silken celling, 
which It perforates and throws to one side when It wishes to 
make its exit; he supposes that the habit of building a bastion 
may be derived from this However this may be, Mary Treat 
(1880), has shows that such edifices may afford effective pro- 
tectl<m to the spider. Like the other earth dwelling I/yoo»<M 
the L tigrpnu Its bastion In the autumn and closes its 

shelter with various materials; it also closes It at certain 
periods during the summer but at this time It leaves the edifice 
untouched, covering it with leaves, moss, or grass, so as to 
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entirely hide it. This Is at the inoultlng season, and later 
when it Is about to spin its cocoon the spider also shuts itself 
in in this manner, but this Is also In the mklst of August at 
which time Its activities should be very great. However It 
la in the month of August that the BH$ 4 notata, the bitter 
eoetny of the Jjycom, sets forth upon the chase, and it is 
probably to protect Itself against the attacks of this preda- 
tory wasp that the spider closes its dwelling. The young 
LyoosM, which are scorned by the wasp, never take this pre- 
caution; as for the adults they seem to foresee some return 
to the attack, for even after the season of the Eli$ baa passed, 
when they have opened their bastion, they leave attached to 
the edge of it a bit of foliage or the like which they make use of 
as a swing door, which they pull tdiut after them when 
danger threatens. 

^Is brings us to the operculum or lid which serves to 
close the burrow of some Lyoosoi and of most MygaUu. That 
of tbs cunlcular Lvoota, of Algeria protecte a retreat which 
ledte a besrtloa ; it Is rtmply a dldc of earth whose solid per- 
are held in place by a allky network, which covers the 
lower eurface and spreads Into a homogenedos layer. It le 
kept In place by a few threads which do not make an elastic 
hinge BO that it is found cast aside when the spider makes 
its exit. 


itevAsr, ia». 

i^e <vercaln of the ATygolM exhibit a mote perfeet fotm 
of Industry and their nenbs btfong to two tjfwa whlohlmve 
beat called by Uoggrldge wafer-neeta and eoifc-iiests. The 
Uds of the fonner are thin and rest upon the mtidee wltfumt 
penetrating It and are mainly silky, bnt are often encnitad 
with earth; when they are rigid in character the binge la 
remaihahle for Us great elastielty. The etn^de bnirow of oar 
NemetUt Bitnotti Is closed by a soft operculam. The Uds 4^ 
coik nests always penetrate the orifice fitting It exactly Uke 
the stopper ta a bottle; they are made of alternate layers of 
earth and silk, have a more or less perfect hlng^ and have 
a thick covering of silk on the underdde; they are foond In 
many species in the neighborhood of the Mediterranean Sea. 

. . . The simple burrow of the tfemesta Eleonora observed by 
Moggrldge has two Uds, the outer one of the wafer type and 
the inner one of the cork type; the same thing is seen in the 
bifurcated barrow of the Nemeaia MeridionaU$ In which the 
operculum is immediately in front of the bifurcation. The 
bifurcated burrow of a Venezurtan My gala (.tthyUHoohut 
atructor) . . . has three lids all of the cork type, one outside, 
the second have the middle of the principal gallery, and the 
third at the orifice where the latter opens Into the bifurcation. 

The layer of silk which lines the inside surface of the 
opercular of the cork type sometimes has a marginal aeries 
of boles whld) enable the spider to hold the door shut by in- 
serting its (daws. Moggrldge observed tbat when one knodcs 
upon the lid of the maam Mygala the spider sometimes re- 
mains perfectly quiet but sometimes on the other hand leaves 
the bottom of Its retreat In order to hold the door tight shut. 
When the latter is forcibly opened one sees the Mygala with 
all its claws hooked Into the lower cudilon of silk. . . . The 
spider thus holds Itself across the pasage way with Its back 
downwards and its head opposite to the hinge. This Instinc- 
tive act is a reflex action, but it was without doubt occa- 
sionetl by Intelligence when it originated. The inside opercu- 
lum of the N, mertdionaH» serves to close the lateral branch 
when it is drawn inside and the principal gallery when It is 
thrust outward. The R. atructor undoubtedly performs two 
similar maneuvers, for its two opcrcnla at the extremities 
open from within outward, while that in the middle opens In 
the opposite direction. It Is evident that Uie Instinct of these 
vpiders is as remarkable as their Industry and must have un- 
dergone a long process of development. 

The Weh . — ^As Pocock points out, while the operculum of the 
earth dwelling species is the result of a need of protection 
the web of the aerial species was evolved by the need of ob- 
taining prey. It is at first a simple shdl for habitation and 
the d^KHrit of the eggs as is seen in the Saltlquea but this 
shell sometimes assumes quite large dimensions and becomes 
an observation post whence the spider departs to follow the 
chase. An example of this Is seen in the “Olotho*' {VrocUfii 
Durandi) studied by Fabre; thts southern species constructs 
a reversed cupola underneath stones, almost as large as half 
a mandarine. **The edge of the 'cupola radiates Into a dozen 
angular prolongations whose expanded point Is attadied to 
the stone. Between these suspension cables there open an 
equal number of spactous Inverted arcades. ^ A flattened roof 
stretched between the cables of attachment ckwes the top of 
the dw^Ung ... all the arcades of the edge open under- 
neath the roof* save for one whldi is similar to the others 
exc^t that it la In the form of a two-leaved door which the 
spider can 4^pen or (dose. It is throuidi this do<» that It de- 
parts tor Its noctnnwl chase, but It Is In Ute interior of the 
chaalber that It plants Its eocoems, five or six In number which 
It stands guard over trwn October to the following June with- 
out taking food. When the young ones have taken tiielr 
departure the mother abandons this dwdllng and goes dse- 
where to build another. 

In sifite of its great size and the nummous trabeautae trhkh 
attadi its dome to the ground beneath It, the diamber of the 
Clothe Is not employed to capture Its prey. . . . Onr UtUs 
Chiraeanthlam Camlet builds upon the panldes of oats or 
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in lanvM an ovoid abMl about tbe alze of a plgetm’a egg; tbia 
sbell iM tbldt, opaque, very smootb Inside^ open beneath and 
connected with tlie adjacait plant organs by threads; the 
spider remains ambtiahed within In order to seise the Insects 
which flreqnent the stalks of grain or which become entan- 
gled in its threads. Thus the dwelling Is hot only a bunting 
post but to some extent an instrument for the purpose of 
capture; it also serves as an Incubating chamber and the 
wider closes it up to stand guard over the cocoon and await 
the birth of Its offspitng. 

In the family of the TheridUdae a true web makes Its ap- 
pearance>-aulte irregular to be sure and with very large 
meShes comparable to a certain extent to the “fixator” net- 
work of the Olothos and of the Ohiracanthium but much more 
extmuive and well fitted to be used as a trap. In our TAeri- 
dium Riparium it extends In every direction around the cham- 
ber, which it helps to hold firm. This chamber la conical, 
beneath, and covered on the outside with small stones or 
earthy or vegetable ddbrls which make it resemble the tube 
of the PhrygoM or of the Piyohe. This Theridium which Is 
sedentary Uke the Chiracantkium captures its prey by en- 
tangling them In the network; and when the period of egg 
laying arrives it fkstens its little globular cocoon inside the 
point of the cone. Some of the TheridUae content themselves 
with constructing an incubating shelter in the midst of their 
web and some of them, such as the Theridula, attacli the 
cocoon to a spinneret like the Lyooaaa. The latter K^ds us 
to the Industry of the Pholqva which construct a web similar 
to that of the TheridUae but which remains lying bock down- 
ward upon this web carrying its cocoon upon Its breast at- 
tached to the chelicera. 

Being a network annexed to the dwelling chamber tlie 
web Is i>epfeeted in two different manners — a theet 0 / close- 
looven ttarue find the orhtoular network. 

The first of these methods is exhibited in two forms of the 
same family — ^the Tegenoria ond the Agalenaa. In both of 
these the chamber of inhabitation which is also a look-out 
post has the form of a funnel with a double orifice; the dr- 
cuiuference is large and Is continued by u she«‘t of close 
woven tissue In which end the threads of the network are 
employed for capturing the prey. When the time for laying 
her eggs arrives the spider leaves the web and plants her 
silky cocoon somewhere In the neighborhood Our A galena 
labyrinthioa, which establishes her web upon the grass, also 
constructs her snow-white chamber with two exits, where she 
perishes In the autumn in the midst of her wqtch over the 
mass of eggs from which the young will not emerge until 
the spring. The large spider found In cellars and on walls 
(Tegenatia parietina) also stands watch over her eggs In an 
Incubator hammock, but the other Tegenaria content them- 
■Mves with placing their cocoons and afterwards return to 
their webs. Among these their predatory habits predominate 
over the care of their progeny ; we shall find the same thing to 
be true In thoae spedee In which the oib-web exhibits its 
most perfect type. 

The various stages of the development of the orb-web may be 
observed in the large family of the Argiopiidae. The Unyphia 
leave an Irregular network like that of the Therldiona, but 
this network supports a flat web in the L. Cottate and two 
dome-shaped weba in the L. Cornmnnle In which we see an In- 
distinct orb arrangement make its appearance. There are 
Ukewise two superposed weba In the Cyrtophora BatiUca 
studied by McCook (1889), but while the lower web is flat 
the uroer one is a dome wltii an evident orUcnlar arrange- 
ment. Like the preceding ones this qiecies remains in the 
structure without a realdsnee ahdl and places Its eggs there, 
the latter being connected in tiie form of a string of cooomis. 

In the Theridioeoma gennoeum {Epira redtota ot McCook) 
the web la stretdied vertlcaUy, being sustained by radii which 
are fused together towards the ^center and without a wiral 
thread except at the perigdiery where the- rudiments of one 
may be seen. The spider does not remain* within the web. 


but stays upon -a taut guide line which idves the wSb tbe 
appearance of a cone. The vertical web of tbe Zkla la an 
Incompletely tegular oib in which the radii and the helix are 
interrupted in a triangular segment traversed by tbe guide 
line; the latter leads to a dwelling sbell in the form of a 
bell or thimble. Tbe large tropical spiders of tbe genus 
Bephtla and our own Argwpe do not stroteb a guide line ; tbe 
former remain In a close woven network which occupies a 
hollow at the upper edge of their web and the second stay 
at the very center of the structure, which is sustained by 
one or two zig-zag radii, the StabUimentum, formed by a tuft 
of Interlaced threads. In both, moreover, the wch is almost 
vertical and forms a perfect orb as it does also In our 
Aranetts or Epeura which also have a guide line at the end of 
which Is a dwelling shell whldi serves them for a retreat and 
an ambush during the day. In these latter forms tbe cocoon Is 
rarely placed within the web being generally found in the 
vicinity and receiving no care. Here again the original ma- 
ternal instinct which forms the point of departure for arach- 
nean Industry is dominated by the predatory habits. 
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AN KNORMOUfl TROPICAL SPIOBK WITH A SPRiIiiAD OF 
7 INCHES AND BODY 2 11/16 INCHES LONG 
(-aORNOEOOMA BP.) 

, The most dlfllcult but not the most delicate work in the 
making of an orb- web is the establishment of the suspending 
cable which stretches between two points at a distance from 
each other and supports the whole structure. Sometimes the 
spider tastens Its thread at one ot these points and thmi 
repairs to the other where It stretches and fastens the cord 
which has Issued from its spinnerets during tbe course of Its 
Joum^. But this process is not applicable over all sorts of 
terra%n and is even practically Impossible when the two points 
are separated by a stream of water or by any other insurpassa- 
Me obstacle. In this case tbe spider stations Itself or suspends 
Itndf at one of tbe points . . . and emits a thread which is 
carried by the wind until It attaches itself at another Me- 
vated point. According to Fabre the process may differ some- 
what, however : the spider may suapend bersMf but soon there- 
after reascends by her thread; the latter then forms a loop 
which la stretched out and fastened by the wind as In tbe 
preceding cases. In any case Uie spider knows quite well 
wben the attachment has occurred. She then stretches her 
cable, and runs back ahd forth across It several times In 
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order *to multiply the number ot threads and thus render the 
Liable tnc»re firm. The next thing Is to establish another aide 
to the framework; the spider suspends herself again, then 
reasc^nds by means of her thread, follows the cable to the 
opposite end, and then seeks a suitable i>oint further down 
where she stretches and fastens the thread emitted in the 
(.ourse of tlje Journey 

In the same manner, or by simply walking from one point to 
anotAier u diagonal thread is established which serves as the 
hrat radius of the web Upon this diagonal line a point is 
chosen to l>e the center of the structure; the spider attaches a 
second radius at this i3olat and then proceeda to walk to the 
framework where she fastens the other extremity, after which 
she returns in the opposite direction to stretch this thread 
and make of It a definite radius ; the excess length is reserved 
at the center to form a cushion. Now at one side and now at 
the other, In order to render the structure more stable, the 
spider attaches new radii by the aid of those already estab- 
lished, When finished the radii are spaced at equal distances; 
they vary in uumtber according to the species; Fabre counted 
twenty-one in the angular Epcira and thirty-two in the fas- 
cia ted Argiope. 

Hesting upon the cushion the spider now revolves re- 
peatedly about her own axis, attaching to the radii a central 
helix whose inter-radinry elements are straight lines. Then 
she advances a little farther and begins to establish a second 
similar helix which extends to the framework. This second 
helix is permanent in the Nephilae and temporary In the 
Argiopaet the Epeira and nmst other forms Since It con- 
sists of cylindrical threads It Is not very suitable for pur- 
poses of capture. Consequently aa soon as It has carried it 
to the framework the animal returns along this helix, placing 
between Its spirals a new helix whose elements are composed 
of threads bearing sticky globules. This helix constitutes a 
marvelously eiteettve trap. In establishing it the spider takt's 
for a support and soaftoldlng the auxiliary helix ; but as the 
work proceeds the latter Is destroyed except among the 
Nephilae^ In which It Is retained to give more solidity to the 
structure. 

Upon arriving at the narrow open space which separates 
the auxiliary helix from the small central helix, tlie spider re- 
turns to the cushion which has now become usclcfiM and re- 
duces It to a compact mass which she proceeds to swallow 
and digest to provide new threads. At this place the Eperia 
weaves a loose network while the Argiope makes a sort of 
shield of microscopic threads which serves aa a sort of sup- 
port for the look-out post ; In tbe latter the Btahilimentvm is 
a mere prolongation of the shield and exhibits the satm* 
structure. 

Spiders that have a cilbelluim replace the threads that 
bear globules by calamistral threads as seen in the Vloboraa 
which make an orb-web which Is similar to that of tbe Argiope 
but la extended horizontally 

The orb-webs nnd especially those of the Epcira represent 
the most perfect type. Pocock has shown how their radial 
structure indicates to the animal the very point at which 
they are disturbed and how the arrangement of the spirals 
sustains them though leaving them almost Invisible, without 
Increasing their weight to such a x>olDt as to Involve breaking 
by means of rain; furthermore, the elements of the helix 
cross the rays at such an angle that they give to the structure 
a maximum of solidity with a minimum number of threads, 
so that in constructing these oibs **an Epeira economizes both 
time and silk and' ^akes her net as resistant as need be 
while as delicate and nearly invisible as possible.” 

Paychology of SpWm.— In order to arrive at such a degree 
of perfection and to be able to adapt themselves so well to 
their Industrial needs our Epeiraa must have gradually de- 
veloped through various stages from the epoch when Chelr 
ancestors contented themselves with weaving a simple oocoon. 
Among them, ^ as among the spiders which weave sheets of web 
and among |he earth dwelling spedles the comparative method 


of study has enabled us to reconstruct In a measure the series 
of these stages which has led us to the present form of the 
industry, . . « But h must be admitted that our knowledge 
of aradmean psy<mology still leaves us in ignorance as to 
the manner in whiich such a gr^t degree of progress has been 
accomplished. 

It is not always easy to dedde between the parts played 
by IntdUgence and by Instinct, but apparently the former 
is low in degree and dominated by a strict automatism, . , . 
The Nemoaculua Lauras establishes in a vertical portion near 
her oib-web the inverted cone which serves as her retreat; 
this Is constructed by starting with tlie periphery of the orifice 
but ”froin the very beginning the threads which hold the 
orifice open are placed in position and a few temporary 
threads hold the upper porilons of this ring;” is It possible to 
ascribe to pure automatiiitn or to mere reflex action so Judi- 
cious a bit of architectural scaffolding? Undoubtedly the 
psychology of spidera offers a vast field for observation and 
experiment. 

Nevertheless, thus far, research has demonstrated but little 
Intelligence among spiders. Fabre reports that the Nephila 
of Madagascar, nigiitly renews the viscid threads of half Its 
web and regularly alternates this destruction and remaking 
of one-half and the other But if the new made half be in- 
jured or destroyed the spider pays no attention but automoftlc- 
ally destro.vs and remakes the part remaining intact Fabre 
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lias noU^d that our native species are incapable of repairing 
their web when it is injured ; he has seen the angular Epeira 
collect the fragments and swallow them, starting from the 
beginning to make a new one; he has also seen the same 
siiccles reunite by a simple thread the two halves of a web 
which had been split along the diameter or else remain mo- 
tionless in the center of the network whose helix had been de- 
stroyed while the radii remained Intact, . . . 

Our C, camifex seems to take better care of Its dwelling. 
*Tf the wall is torn It repairs it without leaving It; If the 
nest he cut Into fragments It unites these with a remarkable 
patience." But wo are her© concerned with maternal cares 
and these are nearly always automatic among spiders. . . . 
Warburton has observed that when our labyrinth Agalma 
has finished constructing Its complicated Incubating chamber 
it remains tliere even If the eggs arc removed ;and Fabre states 
that Thomisa readily acec^pts the nest and cocoon of another 
member of the same species, while the Naibonne Lyooaa 
glues to Its spinnerets as If it were a pouch of eggs, a ball of 
cork, paper or thread, and finally, t£at the same spider will 
readily accept other o&pring when deprived of her own. The 
Peckhams ev«i report tha* a similar spider several times 
ecc^ted a ball of lead three times as heavy as her pouch of 
eggs, but covered with the envelop of the latter, Fabre has in- 
terpreted these carious phenomena by saying of his Thomisa 
^Trovlded it tms a piece of satin under fits legs does not 
perceive Its mistake.” . , . But It may be observed in this 
connection that many mammals and birds can be stmilarly 
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deceived « . . does not one see hens lavish their maternal 
warmth upon Imitations of plaster or ^tone? In short our 
spiders are attached to their cocoon or their nest and not 
to their progenyt This explains the labor of the ClUraoanihium 

repairing it» injured ehclh LdcalUon has noted that this 
species Is more attached to Its nest than any other, that it 
recognizes the nest after an absence of a week, and spares 
no pains In the elfoit to re-enter it, and that it defends it 
with fury when one tries to remove It * . . 

Some authorities have seen a proof of Intelligence In the 
behavior of certain Mygatae which hide their operculum by 
coverign it with bits of vegetation. It Is possible tliat this 
habit originated in an Intelligent act, but it has certainly be- 
come entirely mechanical and is even of disadvantage to the 
animal at times. Moggridge says: **1 have removed a little 
clod of iimssy earth about three inches square and two inches 
thick from the surface In the terrain where there was the 
orlftce of the burrow and Ihe cork-lid of the Nctneeta cemerh 
taria. JSlx days later I found a new of|>erculum upon which 
the Mygala had planted moss found nearby. But this actually 
servid to attract attention instead of hiding the burrow since 
It was in the midst of the little area of brown earth which I 
had left when removing the clod.” 

Does all this mean that spiders are entirely lacking !u intel- 
lect? Not at uH. They pro^e that they ixjssesa memory by 
the recognition of their neats: many examples show that they 
are capable of learning .... and they necessarily display a 
certain degree of discernment when they establish the bases 
of their shell or nest. And it is by making use of these facul- 
ties that they have been able to dlisplay plasticity In their 
habits and undergo an e%olution in their Industries. At the 
present time they are doubtless quite as capable of evolution 
as in former times, but this tendency escapes our notice 
because of the automatism which dominates it. We are 
particularly struck by the extraordinary rOle played by touch 
In their automatic manifestatlotis. Spiders nearly always 
perform their labors at night and it is merely by touch that 
they are able to recognize whether their cables are sufficiently 
taut, their radii properly spaced, and the spirals of the helix 
regularly placed. With their legs and their palps they search 
for contacts and measure distances and the sensitiveness of 
the spinnerets reveals to them the moment when their silken 
thread Is properly attached They seem to work as If blind, 
being largely guided by simple tactile reflexes. 

Aeronautic Spiders , — Young spiders «nd in some cases adults 
also owe their faculty of crossing space like aeronautics to a 
peculiar form of tactile sensibility. This curious phenomenon 
was pointed out in 1670 by Martin Lister and has since been 
the subject of numerous ol>w‘r\ation8 including those of 
Darwin. During the cruise of '‘The Beagle” when the ship 
was sixty miles from land In the mouth of the La Plata, he 
saw the space around him filled with fioculent webs. “A large 
number of little spiders about one-tenth of an inch long were 
hooked to the webs. I suppose there were thousands sur- 
rounding the ahtp. When the little spider came in contact 
with the rigging it was always hanging to a single thread and 
not to the flocculent mass. The latter seems to bo produced 
by simple threads. These spiders were of a single species, 
but of both sexea, with their young. . . . While I examined 
some of them hanging from their single thread It repeatedly 
happened that the lightest breath of wind carried the spider 
out of sight in a horizontal direction.” 

Three weeks later Darwin saw members of the same species 
climb upon a projection,* }}ft the abdomen, emit threads, and 
bringing their legs dose together sail rapidly away. In his 
opiuion it was the hot air rising from the ground whidi 
carried away the little creatures suspended from their threads. 

Not a line of this account but gives an exact idea of the 
manner in which the spiders manage their aeronautic travels. 
The sole point whldi remains somewhat obscure Is the method 
employed by the animal In emitting its tl^ad and suspending 
itself therefrom* This differs in dlfferent;.i^ede«. According 


to McCook the wandering spiders . . . climb op to an deviated 
point, place their heads In the direction of the breeze, lift the 
abdomen, and spreading the fnsules and spinnerets apart, 
emit a quantity of fine threads which follow the direction 
of the wind. Arched upon its legs the animal at first resists 
this force, which tends to lift it, and then when the threads 
are long enough It allows Itself to be carried away with Its 
back downwards and its legs pressed against the body. It 
can also climb along this floating rigging which It shortens 
and gathers into a ball against its ventral surface or which 
It elongates by the functioning of Its spinnerets. . . . 

TJie method seems to differ in the case of the orb-web 
spiders, in wdiioh it nuieb resembles that which preludes 
the establishment of the suspending cable. Fastened by one 
end and the other continur>us]y with the spinnerets the ropes 
of the aeronauts take the form of a loop under the influence 
of the currtmt air which carries them away and stretches 
them; and when their ascensional force is sufficiently great 
they are severed near the point of attachment. . , . Details 
seem to vai*y in different species or individuals. According 
1o McCook the spider suspends itself by a long thread which 
breaks under the of the wind, according to Fabre the 

fusciated Arglopc suspends Itself repeatedly, reascendlng to 
make a collection of threads. . . . “Gently lifted by the as- 
cetidmg eurnmts which rise from the ground heated by the 
sim, this thread rises, floato, undulates and strains at Its point 
of attachment. Finally it breaks and disappears in the dis- 
tance bearing with it the creature that spun It.” . . . 

* « * * « 

However the manner may differ spiders behave like aero- 
nauts making ust‘ of a Kite- they require a current of air to 
curry away the thread which suspends them and this currwit 
always results from differences of temp<»ra‘ture in the dif- 
ferent strata of the utmoH!)here, In Fovler’s experiments this 
current was produced by the temperature of the observer’s 
body and wJien he increased his distance the little parachute 
descendini. Consequently the flights of spiders may occur 
only on fine, warm days when there Is a gentle breeze, 
or when the superhi'ated ground produces an ascending cur- 
rent of air. When favorable weather coincides with an abun- 
dant hatching of young spiders, as happens especially along 
towards autumn, -the rf>iK?s of our aeronauts float In large 
numbers over plants and In the atmosphere where they com- 
pose those silky ribbons commonly known as the threads of the 
virgin. Sometimes individuals of large size also fly in this 
manner: “The largest orb-web spider which I have ever seen 
floating in the air,” says McCook, “was a big Epeira dowici/io- 
rum nearly a quarter of an Inch long. After having floated 
above a field it crossed a road and attached Itself to the top 
of a young tree ll was never more than 20 ffeet high, but I 
had some trouble in following its flight with my eye,” But 
young spiders are able to reach a much greater height, for the 
same biologist tells us that he found Epeiras spinning their 
threods at the summit of the dome of St, Peter’s. 

Most spiders, but not all, are capable of this sort of aero- 
station . . This faculty is eminently favorable to the sur- 
vival of the species, since our ArachnUfae are born In groups 
in a cocoon and are disseminated in space like the winged 
seeds of plants, thus more readily finding favorable places of 
existence. McCook explains In this manner the vast area of 
distribution of a large tropical spider, the Heteropoda vena- 
torie which is found without perceptible variation in all those 
continental regions where tlie trade winds blow. 

In fine, the flight of spiders is a phenomenon in which the 
tactile sensibility of the spinnerets plays a great part, since 
this indicates to the animal the amount of ascensional force 
at Its disposal; it Involves a certain degree of discernment 
since the aeronaut can prolong its ascension or direct It to- 
wards the earth at pleasure by elongating Its cable or by 
gathering the latter irvto more or less of a ball, but it is diffi- 
cult to tell the precise degree to which these Intelligent acts 
have awimed an automatic form in different spedes. 
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FOOD AS A NATIONAL INTEREST 
By Vernon Kelxooq. 

* BOUT Q quartiT-ivntury ugo tb0 great 
AA I'ollah <Hon<ui>lRt, Jean Blocb, de- 
^ clared In his fninoiis b<H>k, “The Fu- 
ture of War” : “That Is the future of war, 
fhmliie, not flghflnK.” And while this epi- 
gram was revealed by the World War of 
1914-I918 to be but a half-truth, as most 
other epigrams are, yet the element of real 
truth In It was abundantly proved. If the 
Allied and American military effort hud not 
been successful In the fall of 1918, as It was, 
famine would have been successful In 1919 
In ending the war. Even as It was famine 
played an Important part In making the mil- 
itary victory possible at the time It occurred. 

So Insistent throughout the war was the 
food problem of all the nations engaged In 
fighting and, Incidentally, of many nations 
not fighting, especially the European neu- 
trals, that Food Ministries, Food Controllers 
and Food Ooinmlssions were established by all these harnsse<l 
governments, and the governmental and iiopular attention to 
food matters was hardly less than that which wa« given to 
military matters. 

In all th<>ee governmental efforts to administer food most 
economically and effectively for the sake of the national phys- 
ical strength and spiritual moralo-— for starving is a great 
weakener of morale as well as of body — and In all the great 
private relief undertakings, the food administrators early 
found themselves face to face with the necessity of knowing 
as much as they could of the scientific basis of ratlcmal food 
use. And In trying to find out what this knowledge la, the 
various responsible administrators and their advisors soon dis- 
covered that this scientific knowledge Is anything but com- 
plete ; there are great gaps In the necessary knowledge and 
great differences of expert opinion about many matters which 
are a part of the alleged knowledge as far as It goes. 

So serious was the need of bringing to bear on the situation 
all that science could contribute that even during the stress 
and rush of war the Allied governments and America united 
in forming an Inter-Allied Scientific Food Gommlsalon com- 
posed of leading physiological chemists and special food and 
nutrition experts from each country. This Oommlssion met 
at different times In the spring of 1918 In Paris, Rome and 
London, again In Paris In October, 1918, again In Rome and 
Naples In December, 1919, and finally at Brussela In May, 
1919. The results of the CommlsBi<m’B meetings are Included 
In various reports which were handed promptly to the Food 
Ministries and other food-controlling authorities of the va- 
rious countries represented on the Oommlssion and much use 
of the llndingB and recommendations of the Sclmtlflc Com- 
mission wore made by the authorities on whom fell the re- 
sponsibility for the allocation of food quantities to the va- 
rious Allied countries from the existent and obtainable 
BuppUea. 

Among the Interesting points taken up by the Oommlssion 
were: First, the determlnatibn of the most deslnble daily 
ration for the “average man” from ■ the point of view of 
total calories necessary and thfi best relative proportions 
in this ration of proteins, fats and carbobydiatea ; second, the 
determination of the proper coefficients to kpply to Infants, 
children, and women and men doing different kinds of work, 
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that is, no work, light work, heavy work, 
etc., so as to define their food needs in terms 
of those of the “average man“; and, third, 
the determination, on a basis of the varying 
make-up of the population of the different 
countries, what coeffleient should be used for 
each country to express Its total needs in 
terms of the “average man" ration. 

As for the first point, it was agreed that a 
doily ration composed of a variety of food- 
stuffs, including meat and bread, providing 
8,300 calories, or energy units, was proper 
for the “average man,“ and that this ration 
should Include In its make-up at least 75 gr. 
of fats. It was agreed that in practically 
auy mixed ration provided that would pro- 
duce 3,300 calories a sufficient supply of pro- 
tein matter would almost certainly be in- 
cluded, so no specific recommendatton as to 
protein content was made. The same applies 
to the carbohydrate content 
As for the second point, the following 
coefficients wereognM^l on 

Age and Sex. Coefilcients of Conversion 

into the “average nian.“ 

0 to 6 years (both sexes) 5 

0 to 10 years (both sexes) 7 

10 to 14 years (both sexes) 83 

14 years and above (women) 88 

14 years and above (men) 1.00 

As for the third point, the determination of the coefficients 
to be applied to the total population of the different countries 
taking into account the relative proportions In each popula- 
tion of men, women and elilldren, the following were de- 
cided on: 


XTnited Kingdom 835 

France 845 

Italy 828 


United States .84 

That is to say if we take any one country, as England, for 
example, It Is believed that an average 100 of the population 
equals from the food needs point of view 83.5 “average man." 

Many other important problems were taken up, but most of 
them refer to conditions which only exist in times of war 
and hence are of less present Interest. One, however, is of 
perennial Interest. It is that of the most advantageous rate 
(extraction rate) of milling the various grains when It is 
desirable to have the available supplies of tiiese grains go as 
far as possible in bread-making, i. e., produce as many loaves 
of wholesome bread as possible. This is primarily a matter 
of special interest In times of grain shortage, but it also 
touches the moot question of “whole wheat*’ ,^read versus 
bread made from flour of lower extraction rate. It would 
obviously **stretch** the grain more if 100 per cent flour (owi- 
talnlng all the ^‘offals’* ) could be used in times of grain 
shortage, but the Inter-Allied Committee of representative 
physiological chemists and nutrition experts decided that 
even in times of great shortage wheat could not advantageously 
he milled at an extraction rate hinder than 85 per cent for use 
in making bread for the whole population. For certain In* 
dividuats there Is little doubt that a higher rate would not 
be disturbing; for others it is preferable to use even a lower 
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ratA For rye the recommended rate Is 70 per cent, for barley, 
06 per omit and for malae, 86 per cent 

At the Broraele meeting in May, 1919, v^lch was the last 
held by the Commission, it was decided that as the war had 
passed and the Oommlsslon had been formed as a war organ !• 
aation It should dissolve Itself. This was done by formal 
resolution, to which was attached an equally formal and 
positive recommendation that a permanent international sclen- 
tide food dommlssi<m should be established to take its place. 
And It was further decided to attempt to have such a com- 
mittee function in some recognized affiliation, perhaps like 
that of the International Red Gross Societies, with the League 
of Nations. Nothing has been decided about this as yet, but 
it at least shows how convinced were the governments whose 
official delegates had represented them on this war food body 
that there is need of a continuing study of the science of 
food use In relation to Its larger aspects, national and In- 
ternational, 

In the meantime separate action has recently been taken 
by the National Research Council of this country to initiate 
and carry forward work on certain food and nutrition Investi- 
gations which are of pressing importance This action has 
resulted In the formation of a special Committee on Food 
and Nutrition of the Council’s Divlshm of Biology and Agri- 
culture, The Committee Is composed of fourteen members 
who represent the physiological cheiiilets, the experts in 
both human and animal nutrition, and the home economics 
students of the country. The list of members is as follows: 

Chairman of the Committee, and of the Sub-commltteo on 
Human Nutrition, J. R. Murlln, Professor of Physiology and 
Director of Department of Vital Economics, Uni verity of 
Rochester; Chairman of the Sub-committee on Animal Nu- 
trition, H. P Armsby, Director of Institute of Animal Nutri- 
tion, Pennsylvania State College, Curl Alsberg, Chief, Bureau 
of Chemistry, Department of Agriculture. Isabel Bevl<*r, Di- 
rector of Department of Home Economics, University of Illi- 
nois; E, B Forbes, Chief, Department of Nutrition, Ohio Agrl- 
<*ultural Experiment Station; W H Jordan, Director, N. Y. 
Agricultural Experiment Station; Graham Lusk. Professor of 
Physiology, Cornell University Medical College; C. F. Lang- 
worthy, Chief of Office of Home Economics, Department of 
Agriculture; F. V. Mc(k)llum, Professor of Biochemistry, 
School of Public Health and Hygiene, Johns Hopkins Uni- 
versity; L, B, Mendel, Professor of Physiological Chemistry, 
Yale University; R. A. Pearson, President of Iowa State Ag- 
ricultural College, H. C Sherman, Professor of Food Chem- 
istry, Columbia University . A E, Taylor, Rush Professor of 
Physiological Ohoralstry, University of Pennsylvania ; and 
A. F. Woods, Botanist, President of Maryland State College of 
Agriculture. 

The problems which have already been formulated by indi- 
vidual members and sub-committees of the Committee and to 
which It purposes to give immediate attention, include those 
of the comparative food values of meat and milk and of the 
conditions of the production of these foods in the United 
States together with the whole general problem of animal 
nutrition; the nutritional standards of infancy and adoles- 
cence, and other similarly large and Important problems. 

A subject to which the Committee is giving serious consid- 
eration is that of the establishment in this country of a 
National Institute or Laboratory of Human Nutrition. Each 
of the delegations to the Inter-Allied Scientlflc P'ood Commis- 
sion is recommending to its government that a national labora- 
tory for the study of the problem of human nutrition be estab- 
lished in its country. If this can be done and an Interna- 
tional Scientlflc Food Commission can be established In con- 
nection with thd I^gue of Nations, which can correlate the 
work of the various national institutions, a great apd most 
needed advance In food science can be made. Not only can 
advance be made in flnding out more of the actual dftaracter 
of va^ous food stufts and the actuaf ne^s of human beings 
of different ages and sex existing u^er varying condl-* 


tions of wmrk and disease or abnormality, but advance can 
be made In knowing more exactly the national production 
and consumption and waste of food in different countries, and 
In planning for more economical international food exchanges 
and general relations. And such a series of national food lab- 
oratories or institutes could also help materially to educate 
the people of their various countries in wise and economical 
ways of food usa 


THE CERAAIIO INDUSTRIES. 

Tiik National Research Council and the American Oe- 
ramie Society have formed a special committee on 
(Vramic Research in affiliation with the Division of 
Chemistry and Chemical Te<»hnology of the Council. This 
committee Is eompoHcd of Albert V Hlelnlnger, of the Govern- 
men Bureau of Standards, Chairman; Professor E. W. Wash- 
burn, of the University of Illinois, Secretary; Arthur L Day. 
Second Vice-President of the Corning Glass Company, Rob- 
ert B. Sosman, acting director of the Geo-Physical T-nboratory 
of the Carnegie Institution at Washington, and Horner F 
Staley, of the Bureau of Standards The first efforts of the 
committee are being directed toward the establishment of a 
group of university rt*search fellowships In ceramics whose 
holders are to devote themselves primarily to the investiga- 
tion of fundamental scientlflc problems in the ceramic Indus- 
tries, rather than to the “works problems*’ which, though 
equally urgent in their need of solution, can be attacked more 
advantageously perhaps in the ceramic plants themselves, 
and, anyway, have back of them still unsolved scientific 
problems 

The commlttpe has recently prepared a report which con- 
tains much matter of general interest as throwing light upon 
the present-day status of the ceramic industries. 

These Industries, which include brick and tile making, 
and gtmeral crockery and glass manufacture as well as that 
of ornamental potteries, although among the earlli^st ones 
developed by man, have been among the last of our great 
manufacturing Industries to rise from the status of empirical 
art to that of applied science This is doubtless In a great 
measure due to the fact that the Industry, being older than the 
science, had necessarily to develop in a purely empirical 
fashion. Tin* many rule-of-thumb methods and so-called trade 
secrets ^hlch are the inevitable accompaniments of a com- 
plex Industry, representing the accumulated experience of 
luany generations of workers, have, in the past, naturally 
bred a conservall’am not favorable to new ideas and methods 
or to a ready appreciation of the value of scientific research 
or the advantages of scientlflc <'ontrol over Its materials, pro- 
cesses and products. 

In sharp contrast to the painfully slow development of 
these ancient industries we have thefse exclusively modem In- 
dustries, such as the syntJu'tlc dye Industry whose foundation 
was made possible by the discoveries of modem sdence and 
whose industrial success and marvelously rapid growth is 
almost entirely the fruit of highly organized scientific re- 
search with methods of scientific control at every stage of Its 
operations. An English scientist is authority for the state- 
ment that the capital, large though It has been, which the 
German dye firms have Invested In scientific research, has been 
the best paying investment which the world has ever seen. 

It is true that the synthetic dye industry had, from its in- 
ception, the highly developed and rapidly progressing science 
of organic chemistry as its foundation., that is, the In- 
dustry was not forced to explore a wholly new domain ol 
science in order to ascertain fundamental principles and 
accumulate the data needed for its development For the 
greater part of this material It could rely upon the results 
of the research carried out in the laboratories of the uni- 
versities of the world. 

In the case of the ceramic Industries the situation has been 
somewhat different The chemistry of the compounds of silt- 



176 


80IBNIIFI0 AMBBIOAN MQNXBLY 


WmmoMVTj itiSD 


con, particularly the silicates, has not by any means reached 
the stage of development attained by the chemistry of the 
compounds of carbon, and In fact nearly all that we know 
concerning the chemistry and physics of high temperatures, 
whldi play such a dominant rdle In all ceramic Industries, 
represents an acquisition of comparatively recent date. It Is 
doubtless for these reasons that ceramics, as a branch, or as 
ti potential branch, of applied aclence, received no recognition 
in the universities of the country until within the last quar^ 
ter of a century. With the recent development of methods of 
producing, controlling and measuring high temperatures in 
the laboratory, however, has come the possibility of creating 
a new domain of science, the chemistry and physics of high 
temperatures. It Is this new domain which will prove of 
fundamental importan(*e to the ceramic Industries, and the 
rapid expansion of our knowledge lii this field should be en- 
couraged and promoted in every way possible. 

The committee believes that the industries concerned ought 
not, and In their best Interests cannot, leave this work to the 
unaided efforts of university, governmental and Institutional 
laboratories. 

Fundamental research In this field Is expensive, difficult and 
slow. New methods, new apparatus and new materials fre- 
quently have to be Invented and created before the actual 
attack on the problem itself can be begun. The problems pre- 
senting themselves for solution are almost Innumerable and 
many more workers especially trained for research In this 
field must be produced. 

In the endeavor to enlist the active cooperation of the ceramic 
industries in furthering research upon fundamental ceramic 
problems in university, governmental and Institutional labora- 
tories of the country, the committee is submitting for con- 
sideration by the indisturies a plan for the establishment of 
Researdi Fellowships in Ceramics, each fellowship to be sup- 
I>orted by one or more producers or users of a ceramic product 

lu submitting this proposal, it seems desirable, in the in- 
terests of clearness, to explain somewhat more fully the dis- 
tinction which the committee makes between "‘works prob- 
lems’’ and “fundamental scientific problems.’* This can per- 
haps best be accomplished with the aid of one or two examples. 

Typical examples of works problems are: The discovery 
of remedies (a) for the appearance of “white wash” on the 
w'are In a waste heat drier and for the pitting and corrosion 
of the framewwk and cars of the drier; (b) for the forma- 
tion of “kiln white” on the ware, or the production of “off 
color”: (c) for “blistering," "spitting out,” "shivering” and 
"crazing” of glazcnl ware; and (d) deterioration of burned clay 
products under certain conditions. With the discovery of a 
successful remedy for the trouble the "works problem” is 
solved, regardless of whether the real cause of the trouble is 
known or the method if action of the successful rmnedy un- 
derstood. 

The source of some of the dlffioultics listed above has in 
many cases been ascribed to the presence of sulphur In the 
raw nvateritale, the water, or the fuel employed, and the 
"disease” has often been cured by the avoidance of materials 
containing more than a minimum (determined by experience) 
percentage of sulphur. The chemistry of what takes place 
and how the reactions and equilibria depend upon the temper- 
ature and tlie partial pressures of the SO* and SO| in the 
gases of the kiln are, however, but little understood and the 
poeslbiUtles, which, in a given case, may exist of avoiding the 
necessity of employing a more expensive low sulphur material 
have not been Investigated. Such problems represent the 
scientific aspects of the larger problem of the general influ- 
of the presence of sulphur in the manufacturing system. 
^ < Other problems of this type are met in the manufacture of 
f>ptical glass, the determinations, for each variety of glass, of 
the maximum temperature which must be attained in the 
Hftelting process, the temperature at which stirring must be 
begun, the rate and amplitude at which the stirrer should 
be driven, and the temperature at which the stirring opera- 


tion should be completed, Associated with this “works prob- 
lem” is the fundamental scientific problem of the measuremeat 
of tlie viscosity of molten glass and the determination of the 
laws which govern the dependence of this physical property 
upon temperature and compos^ion. In the same way the 
relation between composition and temperature, on the one 
hand, and viscosity, surface tension, gas content and vapor 
pressure of the molten glass on the other is a fundamental 
scientific problem intimately associated with the works prob- 
lems connected with the process of fining. 

To cite one more example, the chemistry of the rate and 
equilibrium of the reaction between aluminium 6lllcate( or, 
more accurately, the aluminium silicates) and water, Is a 
fundamental scientific problem at the root of works problems 
arising in the burning of clay wares (especially during the 
“water smoking” operation), In the rate of diHinlegration of 
the burned ware if afterwards subjected to high temperature 
and humidtiy, and in one of the common processes employed 
in measuring rate of vitrification. 

Most "works problems” have behind them unsolved scientific 
problems. When the scientific problems have been solved 
there usually still remains a “works problem” for it is 
seldom indeed that the data of the laboratory can be Imme- 
diately transferred to the works without further experimenta- 
tion. The “works problem” which remains after the scien- 
tific questions at the root of it have been solved, however, 
often presents quite a different aspect from that which It pre- 
sented at first. 


IDENTIFICATION OF FUR. 

We are all familiar with the existing practice of clipping, 
plucking, dyeing, and otherwise changing the appearance of 
lower class fuds to make them appear and sell for the 
more desirable varieties. The furs of animals whose habitat 
is In the warmer countries is not so durable, does not form 
as good leather, and is less supple than the furs from the 
animals living In colder climates, so that for some time 
there has been a desire for methods by which furs could be 
Identified, even after going through elaborate processes. 

Dr. L, A. Hausrnan of (Cornell University gives a popular 
account of his researches in the Scientific American Monthly, 
VdL 1, No. 1, January, 1920. By the use of the mlcrosc<^e and 
micro-chemical methods Dr. Hausrnan has found that there 
are characteristics of most mammalian hair which can be 
used as a key to identification. The characteristics of most 
importance are the scales of the cuticle^ considering their 
shape and arrangement on the hair; the diameter of the 
hair and of the medulla; and the disposition of the pigment 
granules. A variety of methods is required to emphasize 
these characteristics. Staining methods, treatment with va- 
rious reagents, extraction with alcohol and ether to remove 
interfering natural oils and other technique hag been developed 
by Dr. Hausrnan. 

It may be of interest to note the relative durability of the 
different types of commercial furs and since experience has 
shown that the fur of the sea otter is the most durable, 
that is taken as 1(X) in the following scale; beaver, 90; bear, 
94; chinchilla, 15; ermine, 25; fox, natural, 40; fox, dyed. 
20-25 ; goat, 15 ; hare, 05 ; kolinsky, 25 ; leopard, 75 ; lynx, 25 ; 
marten (skunk), 70; mink, natutal, 70; mink, dyed, 85; 
mole, 07; muskrat, 45; nutria (ooypurat), {ducked, 25; otter, 
sea. 100; otter, Inland, 100; oppossum, 87; rabbit, 05; rac- 
coon. natural, 65 ; raccoon, dyed, 50 ; sable, 60 ; seal, hair, 80 ; 
seal, fur, 80 ; squirrel, gray, 20-25 ; wolf, 60 : wolverine, 100. 

The examination for identity is usually made upon the 
ufider or fur hair, and not upon the outer protective hair of 
the skin. It is interesting to note the effect of dyeing upon 
the. wearing qualities of the various furs. This work makes 
It possible to take ^another step toward informing the pur- 
chaser as to the real character of the merchandise in which 
he is Invited to invest 
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AN IMPROVED WORM GEAR, 

Im a description of a worm gear developed by a British 
concern, it is stated that in a certified test made at the 
National Physical Laboratory, Teddlngton, England, an efh- 
cioncy of over 97 per cent was secured. 

The illustrations (Fig. 1) show the details of the character 
and area of contact in the new F. J. gears. The view on the 
left ^ows the worm in such a position that the drive Is taken 
by the three threads, A, and C, while that on the right 
shows the worm In u diiTerent position, having been rotated 
through an angle of 45 degrees, with the result that the two 
threads A and B are In simultaneous contact with the worm 
wheel. The area In dotted ouUlne across the teeth of the 
worm marks the zone of contact between the gc'urs when 
the worm Is rotated in the direction indicated in the end view 
The Intersections of the worm threads and the zone give the 



FIG 1. ZONE OF CONTACT PIG 2 ZONE OP OONTACT 
BKTWEKN THE P. J BBTWESBN THE ORDINARY 

WORM AND WHEEL WORM AND WHEEL 


lines of contact between the worm and wheel teeth, and at 
no point outside this zone is there any contact between worm 
and wheel. It Is this contour of the zone of contact that 
was arrived at by the matheraaticel calculation previously 
referred to, and which was submitted to B^araday House 

In the left-hand view, the actual contact between the worm 
thread A and the , wheel is marked by the dotted line 1-lA, 
that between the worm thread B and the wheel by the line 2-2A, 
and on the worm thread C by the line 3-8 A. In the rl^t-hand 
view this worm has he^ rotated through an angle of 45 deg., 
the new line of contact being again shown dotted, only In 
this case the worm thread C has passed beyond the zone of 
contact and has thus ceased to contact with the worm wheel. 

The Illustrations (Fig. 2) show the one of contact for a 
four-threaded worm of the ordinary shape in W'hlch the 
teeth of the worm are straight-sided In section; that is to 
say, in the form of a rack. As the linear section of this type 
of worm corresponds to a straight-sided rack, and as the 
atralghtrsided rack forme the basis of the Involute spur gear 
this shape of worm is generally known as the Involute worm. 
As before, the zone of contaot is shown in dotted line, but in 
this Instance two teeth only are in contact In the left-hand 
view — A and jB — giving lines of contact 1-lA and 2-2A, while 
in the right-hand view the tooth A carries the entire load 
along the line of contact 1-lA. The unsymmetrlcal contour 
of the zone of contact will be observed: More noticeable 


still Is the difference between the Irregular lines of contact 
shown on the end views of the involute worm as compared 
with the symmetrical lines of the F,J, 

11 must he understood that m both cases whenever the worm 
Is revolved through an angle of DO deg., the line of contact 
1-lA will sweep across the zone of contact until It takes up 
the position marked 2-2A, because when a four^threeded worm 
Is moved a quarter of a revolution (or 00 deg.), the thread A 
will naturally take up the position of the thread B. In the 
F.J. system It will he seen that the point 1 at the root of the 
worm (end view) falls Into the position 2 after a quarter of a 
revolution ; tliat is to say, the actual contact travels in the same 
direction as the worm through a distance of approximately 
50 to 00 deg, hence about two-thirds of the motion is trans- 
mitted by a rolling action and only one-third by sliding. This 
means that a rolling action is Introduced between the teeth 
of the gears, thereby reducing the ordinary rubbing velocity to 
a minimum Thus the gear IcH'th, Instead of rubbing against 
each other at, say, 1,0(X) ft per niln., really only rub at the 
reduced speed of aiwut 350 ft per min., due to the rolling 
action of the F.J. tooth contact. 

This Is not so on the Involute worm-gear system. In the 
left-hand view In Fig 1 the point of contact lA actually moves 
in the opposite direction to the rotation of the worm to the 
point 2A, tlicreby giving the rubbing velocity even more than 
Hs full theoretical value, wMle rolling action, at the ends A 
of the lliu‘H of contact, Is absolutely non-existent. 

A peculiarly Inefficient characteristic of the involute system 
is that the extremities of the lines of contact (see plan view 
of worm) travel from positions 1 and lA iotoard each other 
until they meet, and vanish Just beyond the points 2, 2A, as 
shown in the left-hand plan view (Fig. 2). 

The plan view of the F J. system (Fig. 1) shows the point 
A always moving from left to right, In the same direction as 
the rotation of the worm, while the left-hand plan view of the 
•‘involute*’ system shows the point A moving very slightly from 
right to left, actually against the rotation of the worm. The 
high rubbing velocity which occurs on the point AA, together 
with the converging linos of contact which Induce a concen- 
trated load, all tend to produce the worst possible conditions 
on the leaving side of the worm wheel. This explains tihe 
well-known fact that when a worm gear of the “Involute” 
type Is overloaded, “pitting” first takes place on this side of 
the wheel, and on this side only, while those portions of the 
teeth on the entering side of the wheel remain unmarked — 
The Uitoniobile Engineer, December, 1910, p. 449. 

MAKING DIAMOND WIRE DRAWING DIES. 
Diamond dies are extensively used for drawing small wire 
made of all kinds of metals and for sizes from 008 in. down 
they are used practically exclusively. Because of this the fol- 
lowing data as to the manufacture of such dies by the Vianney 
Wire Die Works at Trefoux, France, become of Interest, 

For the manufacture of dies diamonds are used which are of 
a grade unsuitable for use in jewelry. 

The Arm standardized the size of diamonds from which dies 
of dllTerent diameters are made, the diamonds themselves 
ranging from one carat to sizes as large as twenty carats. 

As Is generally known, the diamond Is so hard that It can 
be cut only with another diamond or diamond dust. The first 
step Is the flattening of a rough stone, wlilch is done with 
laps charged with diamond dust made by pulverizing small- 
sized diamonds or chips from larger stones and then grading 
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the duet by Mlftlng it through sieves with various numbers of 
meshes per square Inch. This Is succeeded by several opera- 
tional comprising the cutting of the die opening. The first 
step Is to chuck the dianK>nd on the faceplate of a special 
drilling machine and cut a conlcal-ahapod 
op^ngi as indicated at 0, Fig. 8. This open- 
ing is made by means of a diamond chip held 
by hand between the points of a pair of long- 
nosed pliers. After the conical hole has been 
cut, the drilling operation is started by means 
of a tool carried In the spindle of the ma- 
chine, which is so designed that the table ro- 
tates and also has a vertical reciprocating 
motion Imparted to it. 

After the hole has been drilled about three- 
quarters of the way through the diamond, as 
Indicated at D, the work Is removed from the 
machine and turned over, after which It is 
reset and the conical opening is cut in the 
opposite side of the diamond, as Indicated at 
Of courst% this second conical opening has 
to be lomted exactly opposite the hole which 
has been drilled in the work. The next step Is 
to drill from the bottom of this conical open- 
ing to make a connection with the hole en- 
tering the stone from the opposite side, F, It 
Is very important to have the Inside of the 
die absolutely smooth In order to prevent 
forming seams in the work and also to have 
the bell mouth of the die formed In such a 
way that the metal will pass Into the die 
without undue frictional resistance. This is 
done by giving the die the shape shown at O 
The inlet to the thniat of the die is made 
slightly larger than the outlet at the back, 
which requires a great amount of dexterity 
to do The dies are set in brass mounts. 

The feature of diamond dies which makes them more eco- 
nomical in use tlmn steel, cast Iron or other comparativ(*].\ 
inexpensive material s. Is that they gi\e a far greater amount 
of service before the tool is worn 
out, because of the extreme hard- 
ness of the diamond. The resist- 
ance against wear is also the means 
of maiutainlng greater uniformity 
In the diameter of the wire that Is 
drawn through the die. 

The time comes, however, when 
the die becomes too large to produce 
wire that comes within the speci- 
fied limit of tolerance. When this 
point has been reached the dies Is 
reqfr^ 'for a larger size, which is 
d(Hte by the use of a steel lapping 
tool charged with diamond dust. In 
cophectlon with this operation the 
bell-inouthed opening must again 
be carefully finished to bring it 
tangent to the new throat which has 
been cut in the die and the Inner 
surface must once more be careful- 
ly polished. The original article 11- 
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fig 4. SOLUBILITY 
CURVES OF VARIOUS 
SAF/TS 



FIG. 5. EMIL PA<SSBURQ INSTAXiLATlON 
FOR PRECIPITATION OF OUT OF 

SOLUTIONS BY REFRIGBSIATIOCN 


lustrates the special type of lathe used for reflnlsblng dia- 
mond dies . — Edward K, Banmiond in Machineryt Nov, 1919, 

pp. 264-266. 

SALT PRECIPITATION BY REFRIGERATION 

In the chemical industry many salts have 
to be precipitated out of mixed solutions by 
means of crystallization. This is done by 
cooling tlie concentrated brines to the point 
where their ability to maintain the salts in 
solution Is reduced. 

Fig. 4 gives the solution curves of several 
salts in water, Indicating how much of the 
salt at various temperatures may be contained 
In 100 grains of water (saturated solutions). 
As shown by tliese curves, the solubilities of 
various salts are unlike to an extraordinari^ 
degree and each salt permits to secure a 
greater or lesser precipitation out of a brine 
at a given temperature. 

Thus, for example, In the ease of Chilean 
salti>eter (NaNO,) cooled from 00 to 20 deg. 
cent (104 to 68 deg. fahr ), out of 165 grams 
held in solution at 00 deg ecmt so much Is 
precipitated out that onl> 88 grams remain 
in solution 

The curves show that many brines can 
maintain quite considerable amounts of salt 
in solution even at 20 deg cent. (68 deg. 
fahr.) and that substantial amounts of crys- 
tals are precipitated only when the hrine 1*^ 
cooled to a much lower temperature 
Because of this, provision lias to be made 
for certain salts to cool the brine to quite a 
low temperature and Fig. 6, for example, 
shows an Installation built to precipitate out 
ot It^ solution potassium chloride. In that 
(•ase 3,000 grams of brine at 20 deg. cent when cooled to — 10 
dieg cOTt (14 deg. fahr.) will precivitute out In crystal form 
200 grainx of potassium chloride 

The cooling is effected m two 
stages : by means of a water cooler 
to + 20 deg. cent. (08 deg. fahr ), 
and then in an ammonia refrigerat- 
ing machine to — 10 deg. cent. (14 
deg fahr). 

The ammonia oonapressor A com- 
presses the ammonia and forces it 
into a coil condenser B, in which 
ammonia under a pressure of 8 
atmos. Is liquefied toy cooling water 
having a temperature of IS deg 
cent. (59 deg. fahr.). The liquid 
ammonia, the flow of which Is con- 
trolled by a special valve, is th«i 
again vaporised In the coils C of the 
crystallization cooler D, the ammo- 
nia then going back to the compres- 
sor by means of pipe E. 

The precipitation of the crystals 
Is produced toy cooling brine In 
cooler B, the salt settling mainly 
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on tho coollxig cotlo C. It is then swept off of them by special 
adjustable brushes, which also help to main tain the efficiency 
of the cooling action of tlie coil C. The crystals precipitated 
in this way sink through the brine and collect In the cone- 
shaped bottom of Ihe cooler whence they are from time to 
time discharged into the straining tank O through a quick- 
acting valve G, It is necessary to have the valve of a quick- 
acting type In order to have the liquid pressure dischargo 
the crystals containing brine without letting out too much 
liquid Itself. The straining tank 0 has on top a fine screen on 
which the brine falls. The thin liquid passes througli and is 
strained off while the crystals stick on top of the scn^en and 
are collected therefrom from time to lime. 

In the installation deecrlbed approximately 6,000 calories 
(say, 24,000 B.tu.) would have to be taken up from the refrig- 
erating plant per hour. In order to reduce the consumption 
of cold the Installation is so arranged that the brine which 
leaves the crystallizing cooler I) at II is concluctt*d to the 
Jacket of a second crystallizing cooler ./ and on the w’ay pro- 
cool« the fresh hrliu^ which enters at K with (he tempera- 
ture of 20 deg. cent, (68 deg. fahr.). 

Brine entering with the temperature of — 10 deg. cent (14 
deg fahr ) takes up heat to tbo extent of leaving the cooler J 
wltli the temixTutuie of 5 deg cent. (41 deg fahr.), whereas 
the fresh brine which enters with the temperature at 20 deg. 
cent (68 deg. fahr ) leaves with the temperature of 6 deg. 
cent (41 deg. fahr). The suit which is crystallized out in 
the meantime is swept away by brushes in the same manner 
as in the first cooler and precipitates out through the quick- 
acting val\e 7. Into the same straining tank O In this manner 
the consumption of cold is reduced to about one-half. 

In computing the consun^ption of heat In refrigerating in- 
stallations of this lyiK* It is necessary to bear in mind that in 
addition to the heat which is necessary to cool the brine Itself, 
quite considerable amounts of heat have to be taken care of 
as heat is given up In the process of precipitation by crystalli- 
zation at the instant when the dissolved salt passes Into the 
form of crystals, the amount of heat thus given up being the 
same as that which was previously consumed in order to dis- 
solve the salt. In the case of cooking salt about 20 calories per 
kilogram (35 B.tu. per lb.) Were consumed, for potassium 
chloride (KCIO*) about 81.5 calories per kilogram (147 Bt.u. 
per lb ) and so on.— BrrtftoW Block In Zeitschnft fUr die 
Ceaamfc Kdlte-Jndvstriv, August, 1919, pp. 57-59 


PUDDLED IRON PRACTICE 
Notwxthstandizvq the impression prevailing among laymen 
today, steel Is a comparatively recent product. Its general 
use, that is, aside from using tools, dates from the intro- 



duction of the Bessemer process In the middle of the last 
century. Until then the world knew iron In the form of either 
cast lion or wrought Iron and when Kipling put Into the mouth 
of one of his God heroes the line 

‘^What iron called Inm is mae^tw of them all?” 
he m^nt Just what he said, iron and not steel. 


ITD 

Bessemer first and open-hearth eteel next proved to be in 
many respects superior to iron to such an extent that they 
displaced It practically forever. 

Steel is better wearing than iron as regards mechanical 
stresses and after a while proved to be even cheaper. Because 
of this the production of puddled iron, which took on a new 
life with the Invention of the Hall process about a score of 
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^eais before the Invention of the Bessemer converter, lagged 
liehlnd both conumerclally and ti'chnically. Scarcely any new 
furnaces for the production of puddled iron were set up 
previous to the war in the last fifty years, and some of those 
which were In existence have either shut down or converted 
to steel manufacture. 

Xxneitheless puddled Iron has certain advantages over steel 
in its better ability to resist rust and heat 

This brought about an Interesting revival of the puddled 
iron Industry in the last few years 

Hall’s process lies at the root of present and future pud- 
dling processes and is not likely to be superseded. It Is con- 
ceivable that further attemirta may be made to produce 
wrought iron directly from poorly sillclous ores or by the dc- 
cariiuiizatlon of cheaply produced mild steel, but there are 
fundamental difficulties In the way of success affecting the 
character of the crystalline structure and the related welding 
and fiberlng properties of the resulting product. 

Tluw are three factors in puddling that effect the entire 
situation These factors are: 

1. The puddling furnace as we know It Is one of the most 
wasteful of metallurgical furnaces using more fuel per ton of 
product than any other continuous process. 

2. The labor coat iier ton is abnormally high as is also the 
cost of furnace upkeep. 

3. The rolling, shingling and material handling and trans- 
port plants are usually crude and excessively wasteful In 
powder cost per ton of product. 

Tlie writer vlgorou'sly criticizes the design of coal-fired pud- 
dling furnaces, claiming that the radiation losses in such a 
furnace and its waste heat Iwller amount to at least 20 per 
cent of the heat energy of the coal burned, or c<iulvalent to, 
say, 560 or 784 lb. per ton of puddlod-iron heat, whereas in 
the steel furnace the radiation losses do not exceed 224 lb. per 
ton of steel cast. 

Tho radiation losses In a puddling furnace per unit of metal 
charged average from 10 to ir> times as much as In the open- 
hearth steel furnace, and so on. 

On the whole, the author comes to tho conclusion that the 
small furnace used in puddling 1« a real obstacle to fuel econ- 
omy as its relatively large hearth causes the excessive radia- 
tion areas. 

The construction and proportions of the modern puddling 
furnace are not likely to be substantially altered or improved, 
but it is possible to Improve the grate and flr^ox and to pro- 
vide efficient means for fmrnlng the poorer coals— In partlc- 
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ular, to reduce tSie amount of uofburned fuel lAiat 0 oea ixfeto 
the ashiMlt. Flga. 6 and 7 show eectlona of a furnace armnge- 
ment designed by the aufthor. 

The grate consists of a series of tubular bars perforated for 
air ejection, over which a number of specially shaped chilled 
cast-iron disks are threaded. Those form a kind of roller 
grooved longitudinally, so that when it is rotated it causes 
clinkers to crack and burned a^es accumulated in the troughs 
between the roller bars to roll Into the ashpit 

The air required for conibustion is forced through the 
tubes by steam Jets and passes out through the perforations 
Into the fuel bed and ashpit which is closed by the front 
plate of the osh-rcmoval car. The air ducts between the grate 
disks are uozzle-shapcd and the grates can be cleaned with- 
out openting the doors. l 4 irge clinkers can be removed through 
the largo holes provided above the grate in the flrdbox 
plate. 

The application of gas firing to small puddling furnaces has 
also been suggested and a furnace was built with a small 
producer at the firing end. 

The process of puddling covers three stages, namely, the 
melting stage, occupying 30 to 40 min. depending on the class 
of pig iron used and the efficiency of the fuel; the boiling 
stage occupying 30 min. ; and the drying and balling, followed 
by fettling and charging pt^iiods, Oixiipying about 40 min. 

It appears further than the melting period demands, under 
the present conditions, from a little over 5,000 lb. to close to 
6,000 lb. of coal per ton of metal melted and Is the most waste- 
ful stage of the puddling process. 

OaiK>la melting which would be more economiioal as far as 
fuel consumption goes Is not suitable as it yields a higher- 
carbon metal and very little reduction of the remaining metal- 
loide» and because of this the boiling period in the puddling 
furnace is lengthened. 

The author proposes a special method of procedure based 


on manipulation of the slags with a view to producing a low* 
sulphur metal from the cupola deacrlbed in the original 
article. 

The characteristic feature of the new process is the addition 
of manganese at a certain stage wblch causes a delay In the 
elimination of the carbon, while it acc^erates the eliminatloa 
of silioon and phosphorus. A liquid slag resulted and the 
metal poured flows easily and is well deoxidised. 

The author also proposes the design of a plant consisting 
of an open-hearth tilting or fixed basin-lined furnace, the 
waste heat from which is used in attached efficient biters 
fitted with auxiliary fuel supply apparatus, this latter having 
the purpose of Increasing the steam requirements during the 
charging and tapping stages. From the open-hearth roughing 
furnace the metal is ladled to mechanical puddling furnaces 
fired with pulverized coal and having waste-heat boilers at- 
tached to them. 

Each of the units composing the proposed plant are at 
work. The open hearth furnace is regulasJy melting iron on 
a pulverized coal consumption of 448 to 560 U), per ton of 
iron melted. Puddling furnaces similarly fired are operating 
on a consumption of 1,300 to 1,600 lb. per ton of puddled 
bar, when dealing with cold pig iron. When puddling molten 
charged material the coal burned' should not exceed 800 to 
1,000 lb. per ton of product, six furnaces doing the work of 
the present ten. 

If the roll trains and shingling machines or squeezers be 
operated by electrical power, and they can be, it Is conceiva- 
ble, that, given cheap electrical energy, such a combination of 
the duplex system with mechanical puddling furnaces and with 
electrical rolling and shingling equipment should furnish the 
most economical puddling plant possible. — ^Paper by J. E. 
Fletcher before the Staffordshire Iron and Steel Institute read 
Nov. 22, 1919, abstracted through The Iron Trade Review, Jon. 
8 . 1020, pp. 152-156. 


Progress in the Field of Electricity 

Summaries and Excerpts from Current Periodicals 


A SUBSTITUTE FOR PLATINUM CRUCIBLES IN ELEC- 
TRIC ANALYSIS. 

Recent experiments In the Ohemlcol Institute at the Uni- 
versity of Bonn have shown that the platinum vessels, cus- 
tomarily employed as cathodes can be advantageously replaced 
by glass vessels whose Inner surface Is silvered. In order to 
obtain a layer of silver which will adhere closely to the 
vessel the Inside of the Latter must be treated with a sand 
blast, BO that the surface resembles that of ground glass. It 
Is less advisable to produce this effect by means of the 
vapors of acids, since this method does not usually produce so 
uniform an effect. Before the first application of the silver 
the vessels must be thoroughly cleansed with chromic add 
then with soda lye and finally with nitric acid. 

The silver solution employed consists of an ammoniacal 
solution of silver nitrate which has been reduced by the ad- 
dition of 2 cern. of a 40 per cent formalin solution. At a tem- 
perature of not more than 30® C. there Is obtained In from 
three to four minutes a silver predpltate of frewn 003 to 0.06 
grams, which has a uniform mat surface, and which is dark 
blue In iolor by transmitted light. The vessel is then dried 
and provided with a strip of sheet platinum, 2 mm. in 
brefidtfa, one end of which must touch the silver coa'ting, while 
the other is bent so as to hang over the edge of the vessel 
outside; this end Is provided with a screw damp. Other ex- 
periments, having as their object the repladng of platinum 
anodes by carbon anodes, have thus far yielded poor results, 


but win be continued with Acheson carbon. The glass cathodes 
Just described gave excellent results in tests made with copper, 
cadmium, zinc, nickel, cobalt, and mercury, showing that they 
could readily be used as substitutes for the platinum vessels 
whose cost Is now almost prohibitive. — H. Geweeke In the 
Vhemiker Zeitung (Berlin). 


A SUPER-POWER TRANSMISSION SYSTEM 

In the territory between Boston and Washington and In- 
land from the coast averaging 100 miles, which terri- 
tory may be described as the finishing shop of American 
industry, there Is an Installed machine capadty of 10,000,000 
lu>rsc-power. At the same time the load factor of this great 
regional demand for power is not more than 15 per cent This 
means that for every 15 h.p. required 100 h.p. is installed. 
Today, due to lmproi>er form of power generation and distri- 
bution, for every ton of coal burned another is wasted — ^liter- 
ally thrown away. 

It is quite amazing to learn that there Is shipped into the 
tasteni territory 87,000 tons of coal daily for public utility 
central stations. The total coal tonnage used by all the elec- 
tric power plants engaged in public service Is only 95,000 
tons daily, and thus in only a part of the zone under discus- 
sion, representing less than 5 per cent of the total area of 
the United States, there Is required 40 per cent of the total 
amount of coal so used. Again, to ahlp this amount of coal 
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Into this district xeqidres over 800 cars in and out every day. 
This would r^resent a sollfd train of coal cars seven miles 
long. 

If It is further considered that our cool fields are being 
rapldlF exhausted and that our merchant marine la soon to 
carry the products of our Industrlaligm the world over, it Is 
dear that we must have economical power, i, e., cheap and 
reliable power. Especially la it true of the territory under 
discussion where the power must in a large measure be fur- 
nished wi'th fud as a basa Economical power Is the sole re- 
maining means to prevent this finishing shop of American in- 
dustry from being converted Into the playground of American 
tourists. 

The solution lies In the conetructiun of high powered, high 
economy tidewater steam and hydroelectric stations and steam 
gtatioDS erected at the mouth of mines, within the territory 
named, all interconnected with a super-power transmission 
system, using also the large plants now in existence in the 
larger cities, such as Boston, Providence, New York, Phila- 
delphia and Baltimore. The present companies would matn- 
tain their preset entities, carrying all their present franchise 
rights; they would become merely distributers of power. The 
districts in which they operate would receive power in bulk 
from the super-power system at the points of tlieir present 
stations and substations to be erected. 

This plan has the hearty endorsement of the engineering 
press and of such sodetiea as the Boston l>Tanch of the Amer- 
ican Institute of Electrical Engineers, the National Electrical 
Ldght Association and of the Engineering Consul. Further- 
more, It has the approval of Dr. George Otis Smith, Director 
of the Geological Survey, and of Secretary Ivane, who is 
asking Congress to provide suUicient funds to the Department 
of the Interior by which an Investigation can be made to 
allooate the losses now sustained and to he Inclusive of rec- 
ommendations covering a power transmission and distribu- 
tion system by which they may be saved. 

It is admitted that the financing of euch an enterprise 
will Involve the expenditure of a very large sum of money, 
which, however points to the truth that we are not only upon 
the eve but in the realm of far larger things than have con- 
cerned us In the past. Yesterday we were willing to spend 
a million dollars in construction to save one hundred thousand 
a year. Today we are ready to spend a bilUon to save a hun- 
dred million a year. “We have spent billions for destruction 
for preservation, now let us spend billions for construction 
for conservation.” 

It is estimated that the following advantages would result 
from such a super-power transmission system: (1) Tlie power 
required in the industries of the zone under discussion as 
well as for Us aggregate of 7,000,000 h.p. steam locomotives 
would offer unexampled opportunity In the application of 
diversity factor, that Is power delivered from the same 
source to different points at different times; such a system 
would have the maximum load factor possible and the lowest 
coal consumption, resulting In an annual saving of $3,000,000 
to the nation. Moreover, if the curves of recent progress are 
continued the electric power used in New England will In- 
crease four fold and the economies of the future should 
greatly exceed the figure given above. (2) It would release 
the railroads from the hauling of the 00 per cent of the coal 
now transported. This is very Important as the limit to in- 
dustrial expansion la likely to be the transportation facili- 
ties. If Industrial expansion is to continue tliie railroad fa- 
oilltles must be Increased, and the way to increase them in 
congested regions Is by elect rlflcatlon. This not only in- 
creases the traffic capacity of tracks and terminals but It 
reduces the coal required for railroad operation. A general 
electrification of Industry will further reduce the coal to be 
transported, thereby releasing the equipment for Industrial 
freight 

8. While the coat of power does not represent more than 
5 per cent of manufacturing cost, yet electricity is the agent 


of highest efficiency in power applicatloii and the greatest 
agent to facility. This country Is to produce more and more 
If It wishes to maintain Its supremacy in world's trade. Sven 
If the cost of the application of electricity were twice as 
much as steam, Its contribution to the facility of production, 
in nearly every form, would far outweigh the additional cost. 
Especially is It true of New England which is a manufactur- 
ing community without raw materials or cool. 

4. Such a system would provide continuity of poorer pro- 
duction-due to an established breakdown service between 
power centers, and would greatly do away with fuel crises, 
sucfli as waa faced by New England in the winter of 3917-18. — 
W. S. Murray in the Journal of the American InttUute of 
Electricat Enffineer9f January, 3920. Address delivered be- 
fore the Connecticut Chamber of Commerce. 


RADIO-TELEGRAPHY BY INVISIBLE INFRA-RED 
RADIATION. 

J. Heruebt S'l'EVENs and A. Larlgaldie have perfected a de- 
tector apparatus, particulars of which have recently been 
rommunicaied to the Paris Academy of Sciences. With their 
device they have been able to obtain records of Infra-red ra- 
diations over distances of more than 20 km., the best results 
being obtained with a thermocouple. 

In the tests as carried out the source of emission was an 
arc or electric lamp projector, tlie luminous flux of which was 
absorbed by a filter screen, a black glass coated with manga- 
nese dioxide or gelatine. These screens absorb 50 per cent 
of the total energy, buit do not allow any rays which may 
affect Uie eye to pass. 

The receiver is a parabolic mirror arranged to trap the 
maximum of radiant energy , the thermophlle being placed at 
the focus of tills mirror. 

A metal plate 1/100 mm. thick is autogenously welded to 
the point of a crystal of high thermo-eJectrlc power. The 
thickness of the plate and the diameter of the point of con- 
tact were kept as low as possible so as to form a whole of 
very low thermal caiJacity. The lK»st results were obtained 
with a platinum plate and a crystal of tellurium tempered 
and welded in the direction of crystallization. The Junction 
is enclose<l in a glass bulb having a fluorine window. 

The thermocouple Is mounted at the terminals of a lamp 
amplifier, the current being broken by a ticker of musical 
frequency A potentiometer Is connected up In the circuit In 
order to obviate all eddy currents due to the surrounding con- 
ditions which might cause a difference of constant tempera- 
ture between the two Junctions. 

The dimlnuntlon in the radiant energy captured at the re- 
ceiver is generally proportional to the distance covered from 
the transmitter, but regard must be had to the absorptive 
power of the atmosphere, which Is sometimes low and some- 
times considerable according to the proportions of water- 
V4iipor, fog, diust, and COs. 

Where the thermophile Is not used in telegraphy but In 
pyrometry, In tele-mechanics, or for revealing the presence 
of bodies whose temperature differs from that of the sur- 
roundings (e. g., Icebergs at sea), its current Is passed 
into a falriy sensitive galvonometer to give a deflection of 3 to 
4 mtr ih-r micro-ampere (2 to 3 ohm coll) 

For ships the authors have designed a special double pivot 
galvanometer of the same sensitivity as the previous one, 
which Is capable of working in any position and is unaffected 
by pitching or rolling. 

The following teats made are worthy of mention: 

(1) In September, 1938, signals were exchanged between 
two stations 14 km. apart. The transmitting station was 
provided with an arc projector of 1.50 m. 

(2) In May of this year signalling experiments were made 
between two stations 7,500 meters apart. At the transmit* 
ting station there was a 0.40 m. mirror and an 800 watt nltroh 
g(m-fllled electric lamp; while at the receiving 9tatl<m a gilt 
mirror of 024 m. was used. (Genie Civil, Aug. 2, 1939.) 
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AUDIBLE ELBOTKIO SIGNALS IN INDUSTRIAL PLANTS, 
AND ACOUSTICAL ENGINEERING, 

Uni>kh tho lmi>etus of the pressure for greater effidency and 
increasiHl lu^ductlon the modern plant finds it a paying 
prupojsillon lo install a system of loud acoustic signals. Such 
electric signals are usually similar in construction to the 
familiar electric ‘‘horn” U8 <m 1 on automobiles. It consists of 
a diaphragm with an anvil at its center. A toothed wheel 
drUen by a small electric motor strikes tlie anvil many times 
a second and causes it to vibrate vigorously. These vlbra* 
Uons produce the well known warning tone, whlcdi carries 
over a considerable di-stance. The device is provided with a 
projector or born tlie shup4* of which depends on whether It 
Is desireil lo scatter the sound, to intensify it in horizontal 
direction, or to deflect it downward. Such motor driven sig- 
nals are now made muc(h more x>o^6^ul than automobile 
horns, and are wound for 110 or 220 volts, direct or alternat- 
ing current, bo that they cun be connected* to a lighting or 
power (drcruit, and do not require a separate low- volt age bat- 
tery. By moans of these signals calls could be given only 
lmi>erfec'lly by pushing a button, and for this reason a special 
code calling instrument has liecm developed, which closes 
electric contacts automatically, after having been set for a 
desired combination ; It can also actuate a bell, a buzzer or an 
electric lamp. 

The uses of such electric signals are many, and their prime 
advantage in each and every large plant is tihe elimination of 
the waste of much time usually lost by the officials, experts 
and Important employees in trying to locnite each other. With 
loud signals installed throughout the plant it t>ecomefi possible 
to locate any of a considerable number if men instantly, using 
a simple code call for each. In noisy places — steel mills, tex- 
tile mills and printing establishments — ^they are used as ex- 
tensions to telephone bells. They cun also be used as warning 
signals on cranes, local signals at various furnaces and roll- 
ing mills. Itielr Importance in increasing the efficiency and 
safety in shipyards end coal mines should not be underesti- 
mated. They are equally applicaible to construction Jobs 
where, in the absence of electric power, fhey could be operated 
from 6-voU storage batteries. A largo number of such horm 
have been recently installed on various U, S. naval vessels as 
fire akirm signals, for general alarms, as hoist signals and 
also for code cells throughout the ship. At large public gather- 
ings, oonventlous, festivals, etc., sudh a system of signals 
could reach any one of the participants which is wanted either 
by the executive committee or for delivery of Important mail, 
etc. A new application of audible signals well worth looking 
into Is the hold-up alarms for banks. With a masked man 
pointing a revolver at him, the teller could press a push- 
button with his foot, which would cause an alarm to sound 
at the next street corner, or somewhere in the building where 
certain men have been trained and armed for such an emer- 
gency. 

In industrial plants and other places in which acoustic sig- 
nals will be gradually installed, the engineer will soon he 
oonfroutod with various acoustical problems: the indistinct 
noise known as reverberation, sound interference, consonance, 
echoes and zones of silence. Fortunately, plhysiolsts and archi- 
tects have done some splendid ground work in this direction. 
Prominent among them Is Prof. Wallace C. Sabine of Harvard 
Unlvreslty, who made numerous tests of the relative absorbing 
power of dlfferenl substances, using organ pipes as tlie source 
of sound. Other investigations on transmission, reflection 
and absorption of sound by different materials were made by 
F. R, Watson, by II. D. I'aylor and by C. S. McGinnis. 

Prof. A. L. Foley of Indiana University opened a field of 
many possibilities in experimental acoustics by perfecting the 
method for directly photographing sound waves. These pho- 
tographic researdhes promise a method for an experimental 
study of sound waves under conditions which are too complex 
for theoretical computations. Dr. Sabine has applied this 
* method to the solution of acoustic problems in some theaters. 


It U quite possible that this method may prove of utility in 
the solution of similar acoustle problems in Industrial plants. 
Photogxaphs taken on models of complioatel shipyards, coal 
mines or a mill full of machinery may explain some ojHBerved 
abnormal conditions, such as zones of silence and a departure 
of the sound intensity from the simple law of Inverse SQuarSs. 

If acoustics Is to become a branch of applied science simple 
and robust Instruments must be developed for measuring the 
physical quantities involved, particularly the sound intensity. 
An electric horn may be guaranteed to produce a sound in- 
tensity of so many **Carusos*’ per square cenitlmenter, at a 
distance of say one hundred meters from its diaphragm. The 
need of such instruments has already been felt in connection 
with log signals. A simple indicator of sound Intensity Is the 
so-called Rayleigh diek, which has not been used much in 
practical acoustical measurements. An instrument of con- 
siderable accuracy and sensitiveness for measuring sound In- 
tensity at a point is the phonometer develoiied by Dr. A. O. 
Webster, of Clark University, 

A sensitive telephone receiver may be used for measuring 
Ihe sound intensity, as the current induced In its windings 
is proportional to the sound Intensity. The Induced cur- 
rents are measured by a crystal rectifier and a die. galvano- 
meter, or by inc^aus of a very sensitive vacuum tliermometer. 
I'rot. Miller’s phonodeik distorts the relative magnitudes of 
the harmonies and requires tedious corrections to reconstruct 
tlie actual sou nil wave. 

It Is evident tlial the question of selective sensitlv^esa of 
the human ear must also be considered, and the energy meas- 
ured only within the audible range; the range of maximum 
Henaiitiveness of audWdllty lies between 700 and 3,000 vibra- 
tions per second. Systematic experiments will be needed on 
the sensitiveness of the human ear not only to sounds of dif- 
ferent pitch, but to the same sounds accompanied by disturb- 
ing noises. Only a beginning tias bec^n made In this direction 

The diaphragm Is the most essential part of an electric 
horn. A large number of investigators have worked on this 
problem in connection with the telephone, phonograph and 
otlier reproducing devices. The problem Is further complicated 
by the fact that the diaphragm is seldom used alone but usu- 
ally has a horn aaflocteted with It. This horn adds its natural 
frequencies due to tihe enclosed air and thu» modifies the 
properties of tho diaphragm itself. Besides, there are una- 
voidable little cavities where the diaphragm is built into a 
housing, and these cavities act as resonance chambers adding 
to the troublesome selective sensitiveness of the combination. 
A systematic study of those factors is still in its infancy and 
offers a big and fruitful field for the future Investigator — 
V. Karapetoff in the Journal of the American Institute of 
Electrical Engineers, January, 1920 


KFFKCrr ON EXPOSED WIR15S OF THE ELECTRICAL 
CHARGES CARRIED BY RAIN-DROPS. 

To investigatk the causes of the electrical disturbances in 
olr lines and the changes, often without apparent cause, in 
the pressure and current-intensity in electrical networks, and 
to see if they could be accounted for by the electrical charges 
tarried by raln-dropa, the authors carried out experiments 
with an insulated copper wire 100 meters in length. They 
have found that the charge on the Insulated wire is sometimes 
of the same and sometimes of opiK>slte sign to that of the 
charge carried by the min. The potential of the vrtre fre- 
quently exceeded 1,000 volts, and it was not uncommon to 
obtain sparks of 2 or 3 mm. between an extremity of the 
wire and an earthed plcUe. The authors ctmdude that an 
insulated wire acts as an equalizer of potential, and that, 
therefore, the dl8turi>ances are caused by the earth’s electrical 
field, rather than by the dmrges conveyed to the wire by i41n. 
—A. BaldU, Comptea Rendus, Nov, 17, 1910. Abstzacted 
through The Technical Review* 
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ELBOTRIO FURNACES FOR NON-FERROUS METALS* 
EtACTBiG FUBNACKs are now In actual use for the melting 
of brass, aluminum, zinc and other metals. Attempts to 
utilize furnaces of the arc type fur melting metals which 
readily oxidize and volaitilize resulted In comparatively high 
metal losses. Recourse was therefore had to Uie Induction 
furnace, but this type has been built for non-ferrous work 
only in units of small capacity, has a lower power factor, and 
is said to be comparatively costly in upkeep; the purely re- 
sistance furnace, on the other hand, has both a high power 
and load factor. 

The heating element consists of u trough lllled with a gran- 
ular resister material, and although the furnace appears to 
be of large size In relation to output, metal losses are, it Is 
claimed, reduced to a very low figure. On a six days’ run 
on yellow brass scrap, the actual metal losses were 13 per 
cemt., whflle during a i>erlo(} of six weeks the over-all metal 
losses were only 0.811 per cent. The resister troughs an* 
said to have a four months* life, and the material with which 
they are flllod a two weoks’ life under normal operating con- 
ditions. Owing to the absence of intense local heating, the 
refractories are said to require renewal only at long Inter- 
vals Five of the furnaces are In use at one plant for melting 
an alloy which contains over 80 per cent zinc. They are made 
in sizes ranging from 40 kw. up to 1,000 kw , but the unit size 
more generally adopted is the 105-kw, round, hand-tlltlng type, 
which has a normal hearth capacity of 1,500 lb and a melting 
rate of 000 lb. per hour. 

Experience and commercial piactice shows the current con- 
sumption to vary from 300 to 350 kw.-hr vev ton of yellow 
brass scrap melted. The larger funmccB, of frf)ra 500 to 1,000 
kw., are of the rectangular nontilting or tupping type. The 
cold cliurge is introduced through rnotor-oiieriited doors, and 
rabbling doors are conveniently placed. One of these furnace®, 
iifltMl for remelting aluminum pig, Is supplied with 600 kw. 
and has a hearth capacity of 3 tons. The .snme furnace has 
a hearth capacity of 0 tons of brass, with a melting rate of 
2 tons per hour when supplied with 6(K) kw A 1,000-kw, 
furnace of this type is employed for melting zinc cathode, and 
has a capacity of 200 tons per ilay. Its operating sheets show 
that the percentage of metal dnisa averages 0 024 per cent. 

Payer presented by Vertion O, Cutts at meeting of Institute 

of Metals held in Sheffield, England; published m The En- 
gineer (Ix)ndon) of Oct. 10 


PUIiVEBIZED COAL AND ITS FUTURE. 

Remakrabiji: strides have been made recently in the adoption 
of pulverized coal as a fuel for stationary boilers, and this 
development Is now attracting considerable attention. Pulver- 
ized coal was burned In boiler furnaces, but with destructive 
results to the refractories, because the fuel, being In suspen- 
sion In nearly a gaseous condition, was burned 4n fur- 
naces designed for other methods of firing. 

In the earlier days, the coal was not pulverized to the pres- 
ent standard degree of fineness and also It was not as care- 
fully dried. Furthermore, it was Introduced into the furnace 
at too high pressures, with a resulting blowpipe effect which 
created local zones of high velocity gases In the furnace, 
agalitot the refractories. 

It was not thoroughly understood that there was a certain 


relation necessary between the volume of the combustion 
chamber and the quantity of fuel fired per unit of time. The 
many continued attempts that were made developed the fact 
that the basic reasons for the destnictive conditions in the 
furnace were ctm tract ed volume and excessive velocities of the 
gascse of combustion passing through tho furnace. It has been 
found that the maximum velocity that can be maintained 
wltiiout destruction Is 7 ft. per sec. This, stated in terms of 
boiler horse-power developed, would equal approximately 2 
(*u fit. of furnace volume per boiler horse- power developed, 
assuming that Ihe combustion chamber was nearly In the form 
of tt cube The limiting feature would be the velocity of the 
gases through the smallest cross-st'ctional area and where 
the highest temperatures prevail Absolute control of fur- 
nace temperatures prevents to a great extent refractory trou- 
bles and consequently i educes furnace maintenance. 

aiivantaoeh of pulvicbizI'D coal as a fuel 

The principal n^ason for pulverizing coal is to make it bum 
more easily Combustion is continuous. l*ulverlzing per- 
mits of a more complete mixture of the particles with the air, 
so that complete and practically perfcHut (‘ombustion Is obtained 
with a low percentage of excess air. When coal la pulver- 
ized to the *<tandard degrei^ of fineness — that is, 05 per cent 
througli tlie 100-ine«h sieve and 85 per cent through the 200- 
mesh ®ieve — its surface exposure Is Increased between seven 
and eaght hundnxl times and tho number of particles in a cubic 
inch of puverlzed coal of this flneni*ss Is somewhere be- 
tween 5U0,0(K),<KX) and a billion The subdivision of the 
particles of combustible Is so great that they exceed even that 
pt>8Sible of attainment by the use of oil in the present oil 
burners, and Uierefore hlglicr efliclencles are possible, due 
to the better mixing of the luCl with tho air, than can be 
expecteil by burning fuel of any other kind, except, possibly, 
natural gas, or by using any other method of burning coal. 

Tlie furnace contents previously Hi>ecified refer to the use 
of pulverl/Axl bllumilnous coal In stiatlouary boilers. The same 
general rule holds goial for all high volatile coals or coals in 
which at hxist 26 per cent of the total cornibustlble is volatile 
matter Where other fuels are concerned, such as anthracite 
or coke brf»eze or any other grades of low volatile fuels, the 
furnaw must be designed to suit these fuels. Where low vola- 
tile coals are burned, it it^ nect*ssary to locate the burners 
through vvldch the fuel is inlroihiced to the furnace at a point 
sufficiently close to the flow of the products of combustion 
on tucir way to the boiler, In order to ai«ist the initial Igni- 
tion of the fuel by a n*generatlve action In tho furnace, and 
this action can only be obtained by the return flame approach- 
ing near the Jets of fwl entering tlie furuac^' 

LOW-OKADE COALS CAN BE USED 

Ail grades of coal can be burned In pulverized form and all 
grades of commercial coal can be burned with high elficienc> 
regardless of the percentage of ash. This metliod has opened 
up and made useful wide fields of low-grade coals hlthert< 
not available due to their peculiar nature Among these mlghi 
be mentioned llgiilte coals, graphite anthracite coals of Rhod< 
Island* and also various kinds ol waste fuels from mlnlni 
operations. 

There is practically a coimplete elimination of standby losse 
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wiliere pulverized coal Is useiL If the firing operation ccasoe 
the doors are closed. No air is allowed to pass through the 
furnace and the radiant heat of the furnace ie atieorhed by 
the boiler. There are no metallic parts exposed to the action 
of the heat and Interferfng with continuous operation In pul- 
verized coal burning. There are no fuel beds or clinkers to 
interfere with the air supply. The ailments, therefore, In 
favor of pulverized coai mt'thod of firing appear very strong 

COST OF PHEPABATION. 

The adoption of this merthod of firing, however, for any 
particular installation, <le[)ends strictly on the cost of prep> 
aratlon. The cost of preparation varies with the quantity of 
fuel burned daily and it Is a question of the profit In sight as 
to which equipment will show the greatest returns on the 
investment for any plant of a given capacity. In the table 
here shown, the first two item« are nmrly constant. The drier 
fuel will vary slightly, according to the price at which coal 
Is received The cost of labor dlmlnitAies as the quantity of 
coal Increases. The jwwer Is assumed to cost %c per k w.-hr. 
The repairs at 7c. per n^'t ton. The drier fuel Is based on 
coal at $5 per net ton deliver'd with an overage moisture 
content of 7 per cent, assuming that 6 i)er of moisture 
would be driven off per pound of coal in tlie drier The fur- 
nace labor Is assumed at 50c, per hour. 


Coat of Palvertztng and Delivering the Pulverized Fuel to 
Boiler Furnaces 


Dally 

Capacity, 

Tons 

Cost 

or Labor, 
Cents. 

Number 

Labor 

Hours 

Repall 8 
Cents 

Drier 

Fuel. 

Cents 

Power 

Cost of 
Pulverlalug 
Cents 

20 

30 

12 

7 

6 

13 

50 

30 

30 

18 

7 

6 

1 13 

66 

40 

25 

22 

7 

6 

13 

51 

80 

20 

32 

7 

0 

13 

46 

120 

18 

42 

7 

6 

13 

44 

160 

17 

48 

7 

0 

13 

43 

240 

I 13 

62 

! 7 

0 

13 

39 

320 

11 

72 1 

S 7 

0 

13 

37 

400 

10 

83 i 

i 7 

0 

13 

36 

480 

9 5 

94 

7 

0 

13 

13 5 

640 

8 

104 ' 

7 

6 

13 

34 

800 

6 75 

108 

7 

6 

13 

32 75 

960 

6 

114 

7 

6 

13 

32 

1;120 

5 

110 

7 

0 

13 

31 


No Intereet* depreciation, insurance or taxes have been in- 
cluded In the above total. 

The cost of pulverizing should not be considered as an 
additional expense In the preparation of the coal in pulverized 
form, when comparing the total cost of handling fuel with 
the best stoker-fired practice, because the handling of coal 
in stoker Installations, which includes the crushing and 
handling of the coal to the stokers, the cost of power for driv- 
ing the crushing, elevating, and conveying equipment, stokers, 
and fans for air supply, together with the repairs on the 
entire equipment, amoumts to from 30 to 60c, per ton cool 
fired, depending on the size of the plant Address to Phila- 
delphia Section, American Society of Mechanical Engineers, 
Oct 28, 1919, by H, G. Bamhurai; published in the Journal of 
the Bnginecra" Chib of Philadelphia, December, 1919. 


DLAST-FURNAOB FLUB DUST. 

By B. W. H, Atcbkrson. 

Buist-hurnace flue duot Is one of the most troublesome 
operating factors ui the Iron and steed industry. Several 
successful operators claim that It is useless to recharge raw 
flue duet because the furnace would never have blown It out 
if It had been suitable material for blast-furnace consumption, 
ifet some very remarkable results have been attained at the 
Ohio Works of the Oarnegie Steel Go. through recharging 
raw dust The plant comprises six modem bloat furnaces. 
Up to 1909, about 300,000 tons of flue dust had accumulated in 
stock piles. During the last 10 years, there have been re- 
charged Into these furnaces all of the flue dust recovered 


from the furnace oiperations, the entire stoede pile of flue duat, 
and nearly 80,000 tons of dust shipped from other furnaces of 
the Oamegle Steel Oo. 

In common with a great many blaat-furaace men, we have 
tried many schemes for reducing the amount of dust carried 
out by the gas and numerous ways of recharging It, in both 
tlie raw and the sintered state. We have operated on Incon- 
siderable percentages of Mesaba ore and again have used 
nothing but Mesaba for yiHirs at a time. Yet we are still 
making a great deal of flue dust, probably not any more than 
the average blast furnace using ores, but the amount Is 
out of all proportion to any physical changes in our ores and 
lias never been as low as In some furnaces that are being 
driven at about the same rate of pig-iron production. 

I believe that much of the opposition to the use of fine ores 
iu blast furnaces is superflclal end prejudicial. Burdens com- 
jiosed entlndy of fine ores are being very successfully handled ^ 
by furnaces built on lines as developed today. High flue 
dust production, where prevalent with high percentages of 
line ores in the burden, is frixiuenitly due to an linproi>er 
mixing or sizing of the ores Where no thorough effort is 
loade to counteract the natural segregation of lumps and fines 
nt each rehandling from tlie mines to the furnace, there is 
txmnd to exist in the blast furnaces strata of ore of a finer 
fonsistenoy then contiguous layers The obvious requirement 
of these finer and denser layers is an augmented gas pres- 
sure, sufficient to force through tihe denser layer. The action 
Is rather more vlodent than would be the normal flow of gas 
and ds attended by a greater disturbance of the stock, re- 
sulting In a larger pnHluctlon of dust than would follow the 
passage of the gas through the more open layers of ore. As 
n means of limiting the segregation of the fines Into layers 
In the furnace, the method of charging is of incalculable value 
as a corrective feature but is not sufficlerutly thorough to coun- 
teract indifferent handling at the mines and docks. The inti- 
mate mlxiture of each ore into a uniform material physically 
brings about a much desired chemical equality. 

From any view point, coke Is the very life blood on which 
the whole smelting process depends. The physical structure of 
the coke has a very much greater influence on every phase 
of blast-furnace practice than has the structure of any of 
the other materials. As indicating the effect of soft coke on 
flue-dust production, a comparative statement Is given, cover- 
ing two oiK*rating periods on the same furnance under appar- 
ently identical conditions aside from the coking time on the 
by-product ovens. While using the soft coke, so much of It 
was dissolved in the furnace stack that it was found advlsa- 
1>le to decrease the volume and Increase the temperature of the 
blast and to charge additional coke while It was also neces- 
'^ary to use several times the normal number of scouring 
charges of Bessemer slog to keep the furnace working smoothly. 


TENSILE PROPERTIES OF BOILER PLATE AT ELE- 
VATED TEMPERATURES. 

By H. J. Fbewch, Met. Enob. 

At the request of a committee of the Engineering Division,' 
National Research Council, a study of the properties of boiler 
filute at various temperatures up to about 900* F. (482* 0.) 
has been Instigated. The paper Is a report of preliminary 
tests made on two grades of ^-In. plate and Includes a de- 
scription of the apparatus used in the detenminatlon of the 
proportional limit The steels tested were %-ln. (12,7 mm.) 
boiler plate of firebox and marine grades. 

The test apedroen was heated by means of an elertric tube 
furnace, two spiral resistors In series being used. The fu^ 
nace vvas operated on either 110 or 220 volts direct current, 
dose regulation being obtained by two 15-ohm SO-ampere 
variable resistanoes in series in the circuit 

In both grades of plates Increase in temperature from 70* 

«n raymteal Chanfgs fa Iron and StaSl Bdow the 
Thannal Critical Rang^ Dr. Zay JaffrlH, Chairman, 
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to 870* F< (21* to 406* 0») le accoinpAnled 1>y diafilDCt changes 
In strength and duotUlfty, viz.: (a) The tensile strength at 
first decreases a few thousand pounds per square inch» reaching 
a nfinlmum at about 200* F. (98* O.). This is followed by an 
Increase up to about 650* F. (288* C.) where the t^udle 
strength reaches a maximum about 10 per cent greater than 
the normal room temx>erature value, after which another and 
final decrease oocura. (b) The percentage elongation in 2 ln> 
(6 cm.) decreases rather slovtdy up to about 200* F. (93* O.) 
after which It drc^ more rapidly, until a minimum is reached 
at about 470* F. (243* C.) ; this factor then increases through- 
out the balance of the range under consideration, (c) The 
reduction In area closely follows the infiections registered in 
the curve for elongation, but has a minimum at slightly higher 
temperature than the elangiati<m. (d) The proportional limit 
at first Increases slightly and shows a maximutn in the neigh- 
borhood of 400* F, (204* 0.) for the firebox plate and the 
highest values between 200** and 300* F (98* and 149* O.) for 
the marlite plate. It Is noted that both the actual and the 
percentage increase are much greater In the case of the firebox 
grade and that the subsequent and final decrease in propor- 
tional limit for this plate takes place more sharply than In the 
case of the marine grade of boiler plate. 


AN EXPERIMENTAL GUN CONSTRUCTION 
By P. W. Bbidqman. 

DuBtNQ the war, the Navy undertook the construction of an 
experimental gun embodying features designed io lessen the 
cost and time of pnHluetion These experiments were Initi- 
ated after representations ns to their desirability had been 
offen'd by myself, by the Naval Consulting Board, and by 
tlio National Research Council. The first drawings were 
made In June, 1917, and the experiment was completed in 
November, 1918. 

For the sake of clearness it will pay to recapitulate briefly 
the fundamental Idea of gun construction. It is well known 
that if a hollow cylinder is subjected to internal fluid pressure, 
the maximum stress o<vura in the Inside layers, the outer parts 
carrying much leas tlian their due share of the stress. This 
Inequality of stress is more pronounced the thicker the walls 
of the cylinder. If such a cylinder is pushed to the elastic 
limit, failure In elasticity will take place long before the 
outer layers have reached the limit of their capacity. Eco- 
nomical use of the material would demand, however, that all 
parts of the cylinder reach the limits of their capacity simul- 
taneously* This may be brought about, at least in cylindere 
of not too great thickness, by producing In the Inner layers an 
initial compression, and in the outer layers an initial tension. 
The effect of Internal pressure Is at first to relieve the com- 
pression of the Inside layers, while Increasing the tension of 
the outside layers. If the initial stresses are pxx>perly distrib- 
uted, all parts of the cylinder will reach their elastic limits 
siinultaneously, thus giving a cylinder of maximum strength 
for its weight. 

In gun conMniction as hitherto practiced, this initial dis- 
tribution of stress is produced either by winding the Inner 
tube with wire, a common English practice, or by shrinking 
hoops over the innner tube, which has been the standard 
American practice. Either process Is long and expensive. 

There Is another possible method of producing the desired 
Internal compreesltm. If a heavy cylinder is stretched con- 
siderably beyond its cAastlc limit, the inner layers flow and 
the outer layers receive a permanent stretch. On release of 
pressure, the outer layers shrink back on the Inner, pxoducliig 
an Internal compression, and of course, an equilibrating ten- 
sion in the outside layers. If now pressure Is reapplied, It 
will be found Hint the destic limit has been raised to the 
previous maximum pressure. It Is possible to raise the limit 
in this way to two or three times the value as calculated by 
the usual theories. This behavior of cylinders under high 
internal pressure was demonstrated experimentally, and has 


been continually used In the construction of apparatus for my 
high-pressure experiments at the Jefferson Physical Labora- 
tory since 1906. In these experiments I have accurately meas- 
ured hydrootaUc pressures as high os 300,000 lb. per sq. in. 
(21,090 kg. per sq. cm.), pressures which would have been un- 
attainable except for this behavior of thick cylinders when 
stretched beyond the elastic limit. 

With regard to gun fabrication, it has been demonstrated 
by actual construction and firing tests that It is possible to 
make a gun from a single forging, producing the required dis- 
tribution of internal stresses by a preliminary application of 
hydrostatic pressure so high as to strain the material 
considerably beyond Its yield point. The great simplicity of 
construction by this method leads to the expectation of im- 
portant economies of time and money If quantity production 
should be attempted. 

The technique of controlling the pressures required, which 
are of the order of 100, (HK) lb. i)er sq In, (7030 kg. per sq. cm.), 
has been descrlbi^i as applied to the experimental gun. The 
essence of the technique is a imcklng which automatically 
becomes tighter at higher pressures. There is no reason 
to think that the technique should not be successfully applied 
on a commercial scale. 

The behavior of the hollow cylinders composing the gun, 
when streiehed by heavy internal pressure, has been de- 
scribed Such cylinders flow and receive permanent set under 
pressures whicli may be about twice the elastic limit com- 
puted according to the simple theories After once stretching, 
the cylinder receives little or no further pt^rmanent set up 
to the previous pressure maximum Wltldn this range of 
pressure, Uie cj Under behaves In a manner approaching that 
of perfect elasticity, but with very marked disturbances, of 
which hysteresis and accommodation effects are the most 
prominent. These disturtiancea tend to disappear with time. 
The approach to perfectly elastic behavior Is much closer for 
thin than for thicker cylinders A valid theory of the stress- 
strain relations under such conditions is much to be desired, 
hut has not been formulated. 


USE OF MICROSCOPE IN MALLEABLE-IRON INDUSTRY 
By Enrique Touceda. 

As IN the case of steel and the non-ferrous alloys In general, 
the use of the microscope In connection with the manufacture 
of malleable cast iron has proved of inestimable value to the 
industry. No fairer statement could be made than that the 
start of real progress In the Industry was coincident with the 
application of metallography to the product. 

The writer has bt*on associated with the manufacture of 
malleable-iron castings since 1894. In 1964, he 'became con- 
vinced that while practical experience combined with close 
observation, when accompanied by a good metallurgical foun- 
dation, made possible the explanation and elimination of many 
of the troubles encountered, works* control could never be 
satisfactorily attained without proper facilities for a study of 
the structure rather than the fracture of the annealed prod- 
uct. Steps were then taken to secure the best metallographic 
outfit available and, with the aid of a small electric-resistance 
annealing furnace and tMs outfit, more knowledge was ob- 
tained In 3 months than in tiie previous 10 years. 

It must not be assiumed, however, that In all cases depen- 
dence on the use of this Instrument alone will disclose the true 
and complete story, for what may be shown by the fracture, 
the structure, and the chemical composition must, in many 
inatances be carefully considered before an accurate diagnosis 
can be rendered. 


UNWATERING THE TIRO GENERAL MINE BY AIR-LIFT. 
By S. F. Shaw, E, M. 

In 1918, the Tiro General mine, at Oharoas, S.L.P., Mexico, 
wibicb had been making from 126 to 150 gal. of water per min., 
was allowed to become flooded, after all the pumps had been 
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reinf>vecl^ and in 1918 the problem of unwateriDg it came up 
for aoiutloD. There are two vertical ahallta, the Tiro General, 
1890 ft*, and the San Fernando, 122Q tt In depth, with five 
oounocdag levels between them. The San Fernando shaft 
had been pertly xetlrobered while the Tiro General had been 
newly Umbered from the collar to 1090 ft in depth. It had 
been possible to place guides in only one compartment of the 
Tiro General, from the collar to the 7th or 860-ft. level, to 
which it was necessary to lower the water before station 
pumps could be Installed. Soundings Indicated that compart- 
ments In the Tiro General were open to 1082 and 428 ft., and 
in the San Fernando shaft to 471, 488 and 586 ft. The water 
had risen to a point 140 ft. below the collar of the Tiro General 
shaft. 

The steam plant at the Tiro General shaft includes one 300- 
h p., one 160-h.p,, and one 100-h.p. Erie City water-tube boilers, 
aud two 160^1 p, Heine water-tube boilers. AH but one of 
these boilers were supposed to be in good shape, but It was 
soon dlseorerod that six years of idleness in a dimate that Is 
foggy for several months of the year had left them in poor 
condition. The compressed-air plant comprises one Nordberg 
cross-compound compressor with piston displacement of ap- 
proximately 2,500 cu. ft. of free air compressed to 96 lb. per 
sq. In., and another Nordberg cross-compound with piston dis- 
placement of 1,235 cu. ft. of free air, to the same pressure. 

The main pump station Is on the 7th level where had been 
installed a Prescott potvalve plunger pump with capacity of 
200 gal. i)er min.; also a Gould triplex plunger pump with 
capacity of 136 gal. per min., driven by a 6Vi by 10 by 12 in. 
steam engine. From the lower levels the water bad been raised 
to the 7th level by small staUon pumps and sinking pumps 

Although the aubmerbenoe of an air-lift pump at the final 
stage of unwaterlng to the 7th level would be limited to about 
225 ft, we were assured by pump manufacturers that this 
point could be reached by a slngloetage air lift, and we 
therefore dedded to adopt this method. The equipment to 
be purchased consiaied only of piping, foot pieces, etc., since 
the compressor plant was considered adequate for the pur- 
pose. Not only did we save the first cost of such equipment 
as sinkers^ or ceotiifugal pumps and motors, but we also 
found (that delivery of pli)e could be effected in much less 
dme than pumps and motors. 

At the beginning of opere-tlons, two alr-llfts were Installed, 
one in the Tiro General and one in the San Fernando shaft. 
These were operated until It became evident that they were 
not suitable for the work to be required of them at greater 
depth ; they were then removed and replaced by alr-llfts of 
better design, designated No. 3 and 4 Since the lift lnvolvc<i 
In lowering the water to the seventh level, where steam pumps 
could be installed, wa* much greater than Imd ever been 
atltempted before where a large quantity of water was to be 
handled, it was necessary to make inuay careftil experiments 
as the work progressed, in order to anticipate the probable 
performance of the lifts that were InHtallod. 


LOW-TEMPERATURE CARBONIZATION OF COAL 
By S W. Pabb and T. E. Layno. 

The low-teinfierature carbonlxattlon of coal involves the 
carrying out of the coking process under conditions wherein 
neither the coal (mass nor any of the passageways through 
which the volatile products pass are heated above 700* or 
800* 0. For convenience In this discussion, the single num- 
ber 750* will be used to designate the maximum range. This 
temperature Is not selected arbitrarily ; it is the result of 
certain natural conditions that are Inherent In the substances 
Involved. Two of these conditions are sufficiently pronounced 
to suggest a line of demarcation at this point as follows • (1 ) 
Below 750*, all the heavy hydrocarbons are expelled, whi<* 
means that, at these lower temperatures, the iUumlnants, the 
gases of high calorific value, and the condensible oils are dis- 
charged; above 760®, there are given off the lean, non-illuml- 


natlng gases consisting for tiie most part of hydrogmi and 
marah gas and having no considerable oonsUtnents present 
(2) Below 750®, there is snbirtantlally no seomdary decomposl'* 
flon; above 750®, the volatile pro&octM are readily decom- 
posed, forming tars, naphthalene, free carbon, etc. 

It is acknowledged that the maintenance of these tempera- 
ture conditions at the present time has only an ideal and not 
a practical statua Actual operatlona under these conditions, 
as an Industrial accomplishment, are still In the experimental 
stage. However, many tendencies are working toward this 
goal and the topic is certain to be one of great Interest until 
we have come much nearer the ideal in practice. There is a 
definite value, however, in setting forth In quantitative terms, 
so far os they may have been determined, the factors that rep- 
resent the normal yield to be expected if conditions are main- 
taind as planned. 

Attention is called to the following facts: The temperature 
(onditions were maintained consistently 'throughout so that 
uncertainty on that point Is elimlnqted. The yield of by- 
products from a given type of coal is suffidmt in form to 
afford strong presumption as to the fact that these are the 
normal values that may reasonably be expected under low 
temperature carbonixation coudttions. The tars are of unusual 
interest and require further study to arrive at full Informa- 
tion concerning this product. The gas yield represents usually 
high calorific values. The behavior of the sulfur is, in some 
respects, the moat iimportant of all the data. The coke is, 
in many respects, the moot interesting product of all. It is 
sufficient at this time to say that the so-called non-coking 
coals of Illinois give inomise of being advanced into the class 
of coking coals. 


THE COEFFICIENT OF EXPANSION OF ALLOY STEELS 
By John A. Mathews, Ph.D. Sc.D, 

Dubino the prosecution of the aircraft-production program 
in 1917 and 1918, the writer visited many plants engaged in 
the manufacture of motors, planes and parts, in carrying out 
his duties as chairman of the Committee on Aircraft-engine 
Forgings. While the coefllclent of expansion Is not without 
Its effect In volume changes In hardened steel, it Is not a 
determining factor In the matter of distortion and going out 
of 9hape Irregular heating, uneven furnace bottoms, and 
(urelessness In withdrawing the part from the furnace, as 
well as the manner in which the part enters the quenching 
bath are of greater moment Generally speaking, also, steels 
of relatively low hardening temperature will distort less than 
those requiring higher hardening heats. The coefficient of 
expansion must be consideFed in engineering design most fre- 
quently when different metals or alloys are used In the same 
construction For example, the difference of expansion be- 
tween a steel crankshaft and an aluminum crank-caoe might 
be of real importance and a steel with no coefficient of ex- 
pansion would be mudi less desirable than one with the nor- 
mal coefficient. 

Through the cobperation and assistance of Major Heaslet 
and Capt. H. F. Wood, of the Detroit Branch of the Aircraft 
Production Department, the Ooamnltibee was assisted in secur- 
ing various types of alloy steels used for crankefhafte; and In 
connection with them we have the analyses and tensile proper- 
ties, also the hardness and shock-test values in several cases. 
The writer has supplemented this list with other types of alloy 
steels frequaitly used for axles, shafts, etc. ; all of til^ material 
has been tested in a heabtrtod condition, which hais produced 
elastic properties between 100.000 and 150,000 lb. per sq. in. 
yield point. The Bureau of Standards cooperated with the Oom- 
mittee and made the actual tests of ooefifccieikt of expansion, 
which Is a sufficient guarantee of the accuracy of the figures 
presented. We hope the complete data presented may prove of 
value to engineers and that future authors. In presenting 
data on the same subject, may follow the example we have set. 



Progress in the Field of Applied Chemistry 

Notes Culled from Current Technical Literature 


GERMAN CHEMISTRY, 

The one excuse for again directing attention to the brand of 
Chemistry which has been so well advertised is the apparent 
determination of Germany to regain the world markets which 
she once held due to the application of science to her commer- 
cial problems. There are still some who feel that there Is a 
certain potency in German chemistry which we cannot expect 
elsewhere and hence we refer to the article entitled “The Ger- 
man Chemical Myth,’* by Benjamin T, Brookes, which appeared 
in the North American Review of November, 1018, and Mr. 
Townes R. Leigh*s article on “Germany's Stolen Chemistry,'* 
which appeared in Drug md Chemical Markets, These gentle- 
men point out to what extent German chemists have failed to 
take part in work on the fundamentals of chemistry. In lay- 
ing down twenty-one fundamental laws by which the science Is 
governed, sruch as Avogodro, Boyle, Charles, Daltcm, 

Faraday, Henry, Mendelejeff, van’t Hoff, Dulong and Petit 
appear, but nowhere is the name of a German to be found. 
Holland, Russia, Italy, France, England and America all ap- 
Iiear. 

The discovery of chemical elements shows at once what a 
small number of the useful ones have been discovered by Ger- 
mans. Oxygen is creditcHi to an Englishman ; the discovery 
of nitrogen to a professor at Edinburgh University; carbon 
dioxide was Isolated by a Scotch chemist; and the other rarer 
elements of the air were first discovered and studied by 
British subjects Nor have the Germans discovered the ele- 
ments of water— both hydrogen and oxygen having been 
first recognized as elements by Englishmen. Chlorine was dis- 
covered by Sheele, a Swede, and sodium, the other component 
of salt, by a I-oiidoiier, Davy 

In Buckley’s "History of Natural Sciences," thirty of the 
chief men of science of the 17th century iucluded but three of 
German blood. Twenty-seven of the 18th century Include 
again but three Germans, and the majority of the important 
contributions to chemistry during the 19th century were not 
made by sons of the Teuton Empire. 

If one considers the question by sublects, Professor Brookes 
points out that in the field of dyes every one has had a hand, 
but the origin was through Perkin in England. It was van't 
Hoff of Holland who first showed the Germans how to develop 
their potash natural monopoly. The phosphate Industry, pe- 
troleum, and radium from carnotite ores are American, Nickel 
and cobalt are American and Canadian. The cyanide process 
so important in metallurgical operations is attributed to McAr- 
thur and Forrest in South Africa; electro-chemistry and 
aluminum to Hall, an American, and Heroult, a Frenchman. 
Artificial graphite and abrasives are American, cement is 
English and American, and the development of the use of 
powdered ooal which made cement a possibility in Germany, is 
likewise an American invention. Hydrogenation, which one 
pro-German writer called a beneficial result of militarism in 
that large supplies of hydrogen made for balloon purposes 
could be used for the process, is French in its origin. Arti- 
ficial resins are to be credited to a Belgian working In Amer- 
ica, and to a Frenchman we credit organic compounds of 
magnesium. 

Radio-activity, electrolytic dissociation, electrochemical ac- 
tion, spaciai isoaserism laws In heterogeneous systems, the 
law of atomic heats and of mass action, together with the law 
of conservation of mass and the atomic theory, are all of other 
than German origin, as is also the fjindamental work on 
gases. It is seen therefore that while the^ fundamental work 
on chemistry has been almost universal, German names are 


conspicuous by their absence, and their prestige is really to 
be found in lexicons, text-books, tables of constants, not always 
too well done, and careful systems of systematic instruction. 
So far as ability is concrened, it should be apparent that the 
rest of the world is perfectly able to take care of Itself; 
but chemists need assistance In preparing for themselves the 
kinds of things in which Germany has had a monopoly. We 
refer particularly to the compilation of Tables of Critical 
Physical and Chemical Constants and the preparation of other 
compendia of scientific knowledge more complete, more accu- 
rate than have appeared heretofore and in the English language. 
The English-speaking people arc cooperating on this work, 
but there is need for material support in the undertaking that 
is so large and yet so important that Industry can properly 
be expected to do Its part. 


ANTI-DIMMING COMPOSITIONS. 

Attention Is called to the contribution of P. W. Carleton to 
the December, 1019, issue of the Journal of Industrial and 
Engineering Chemistry on the subject of antl-dlmmlng compo- 
sitions, primarily for use In gas masks. There la also a con- 
tribution from the Chemical Laboratory of Oberlin College 
on the same subject in that number of the Journal. It seems 
reasonable to expe<t that some commercial applications may 
be made of the prln<»lple& which have been established and 
the formulae which have been devised. 

Inasmuch as good vision is one of the important properties 
of the gas mask, it early became apparent that some device 
must be invented which would prevent the rapid dimming of 
the various types of eye-pieces used in gas masks A consid- 
erable number of people worked upon this problem. 

Some of the requirements which a satisfactory antl-dimmlng 
composition must fill are: *Tt must be soluble in water and 
reduce the surface tension of water so that moisture will not 
form drops on the lens. It must be easy to apply. Its method 
of application must be fool-proof, so that If possible an un- 
successful application will be impossible. One application 
must last a long time, several hours of consecutive use. It 
must function properly several doys after Its application. It 
should be put up In a convenient outfit which should have but 
few parts and should not be fit for other uses. Obviously 
the unit should be cheap” It Is interesting to note that one 
of the first anti-dlmmlug compounds was In the form of a 
stick which was put up In a little tin box, strong and well 
made, and this holder became so attractive as a receptacle for 
matches or cigarettes that without thought of future safety, 
the sticks were discarded and the holders put to new uses. 

A variety of formulae were used, the stick to which refer- 
ence has been made having a formula: 100 parts 86 per cent 
turkey red oil; 16 parts caustic soda, 6 parts water glass; and 
5 parts paraffin oil. This product contained from 10 to 20 per 
cent of moisture. Later sodium carbonate was substituted 
for the caustic soda because of the harmful effect of the 
caustic upon the hands. 

Another formula, in addition to the ingretUents above named, 
added 28 parts of glycerine and required a different method 
of application. The surfaces of the eye-piece were wiped clean, 
and after breathing on the Inside surfaces, a very small 
amount of the composition was applied, rubbed In thoroughly 
with the finger, and then gently polished with a cloth. 

The work at Oberlin was undertaken at the suggestion of 
the National Research Council, and Involved an elaborate 
study of some nine points. These were: Studies of the sul- 
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phuiiattHl glycerides of saturated and unsaturated fatty addtt 
as well as aulpbonated fatty acids; of the relative tnerlts of 
the different alkali salts of the snlphonated fkts; of soaps of 
the satnmted and unsaturated fatty acids; of Twitcheirs 
sulpho derivatives; of the effect of excess constituents in 
preparing antl-dlmming sticks; the relation of surface tension 
lowering to the desired antl-dlnimlng effect; the influence of 
solubility on the lasting power of anti-dimming sticks; the 
effect of varying thickness of the anti-dimming film, and 
more rapid and accurate metliods of testing. 

The results obtained from these studies appear in the origi- 
nal article and it is pointed out that soaps In general are im- 
proved by the addition of a few per cent of glycerol, 10*15 
per cent of alkali, and a small quantity of marine oil. The 
sodium silicate or water glass serves well as a binder. The 
soaps from a variety of vegetable oils all show excellent film- 
forming proi>erties, and the final recommendation concerns 
autl-dlramlng preparations made from sulphonated rape seed 
oil and sulphonated cotton seed oil. 


WHAT A FLOUR CHEMIST DOES. 

In the Chicago Jiulletin which is issued by the Chicago 
Section of the American Chemical Society, we find in Number 
8, Volume 6, an outline of some of the things a chemist who 
specializes in fiour is called uiK>n to do. The greatest empha- 
sis is placed on Imklng tests. The loaves are allowed to rise 
to the greatest possible extent, since the size of the loaves 
gives important information as to the so-called strength of the 
flour. As a result, the loaves are of very coarse grain 

Many analyses must be made and certain facts have been 
determined, although there remains much research to estab- 
lish new data. To quote from the article mentioned: 

"Mofstwm Moisture should not exceed 18 per cent. Flour 
with excessive moisture is more likely to become sour or 
musty, especially In warm weather or in unventilated or damp 
storage. 

‘VleWity. The percentage of acidity (calculated as lactic 
n<*id) Is an approximate measure of the soundness and keep- 
ing quality, or In the case of flours bleached by chlorin-con- 
Ualulng gases, of the amount of bleaching given. A small 
Increase In the amount of acidity present might not render it 
unfit for use, but indicates a somewhat diminished ability to 
keep well if storage conditions are adverse. 

*VSfolu&fc Carbohydrates Soluble carbohydrates (sugars, 
dextrine, etc ), are the fermentable materials and in sound 
flours do not usually exceed 0 per cent. Flours made from 
si)routed wheat have increased amounts of soluble carbohy- 
drates* If soluble carbohydrates are present in less amount 
than about 1 2 per cent, the loaf made will usually have a 
pale crust or require extra amounts of sugar in order to take 
a normal brown. 

**Qlut€9i Low grade flours have more gluten than higher 
grade flours made from the same wheats, though they are usu- 
ally of inferior quality. Soft glutens lack the ability to spring 
and will not stand a long fermentation with yeast Flours 
high In gluten of elastic quality require longer or more vigor- 
ous fermentation than those with less gluten. 

"The Baking Test, The test loaf is made by a special form- 
ula and baked in an expansion test pan designed to give the 
gas-filled dough maximum opportunity to expand and to ex- 
hibit its stability. It is not the intention to produce a loaf 
of the same qualities, close-grained texture and shape pro- 
duced commercially, but to bring out and emphasize the in- 
dividual merit or demerit of the flour. Test loaves having a 
volume of more than 180 cubic inches (2,950 cubic centimeters) 
are to be considered strong and satisfactory for bread making 
and those of 200 cubic inches or more <3,277 cubic centimeters) 
as o superior strength. A variation up to 5 or 0 cubic indies 
is of little significance, owing to the cmnplexity of yeast fer- 
mentation processes and the fact that yeast is a vitql or- 
ganism variable to some degree in strength. 


**V0lutne, The volume indicates the ability of the fiour to 
expand, hold up well and give a light, well-piled loaf, and if 
necessary stand a reasonable amount of unfavorable treatment. 

**Weight of Loaf. The weight of loaf is taken as it comes 
from the oven and shows the ability of the flour to hold the 
absorbed water and make a good bread yield to the barrel of 
flour. Yields are strictly comparative, but due allowance must 
be made for the continuous shrinkage in weight of loaf from 
the time of weighing. The water used shows the actual ab- 
sorbing and retaining capacity of the fiour In baking. Due 
consideration must be given to the moisture content and age 
of the flour, freshly milled flours usually having less qtbsorp- 
tlon and bread yielding ability than older flours.” 


THE WORK OF THE FOOD CHEMIST, 

In Chemical Age for December 10th there is an interesting 
discussion by L. M. Tolman concerning the "Work of the 
Chemist In the Food Industries.” As Dr. Tolman points out, 
a survey of the last twenty years in the development of chemis- 
try and scientific control in the food industry, would indicate 
that the most important work has been accomplished along the 
lines of preventing spoilage and decay. A great deal has been 
learned regarding the cause of spoilage and quickly following 
that work has come tlie development of methods to remove the 
cause. Much of this work has been done in the Bureau of 
Chemistry, as well as in the laboratories of those who prepare 
food on a large scale and in the universities. 

At the present time the Bureau of Chemistry numbers among 
Its research problems the following investigations with respect 
to food; the cause of decay in poultry and eggs; the handling 
and care of broken eggs, first to determine their fitness for 
food, and second to improve methods of freezing, drying and 
storage; a study of the methods for handling poultry as re- 
gards cooling, chilling, packing, transportation and storage 
until they are marketed; a general survey of the questions 
relating to the deterioration of food products from the time 
they leave the farm until they reach the consumer. There is a 
similar investigation with reference to fish and the effect 
of low temperatures during the different periods of storage. 
Special attention Is being directed toward the sardine in- 
dustry and the sanitary and hygienic methods to be employed 
In packing. 

The National Canuers’ Association laboratory has been ac- 
tively engaged in studies upon the types of micro organisms 
responsible for spoilage in canned foods In an effort to de- 
velop satisfactory methods for complete sterilization that will 
leave the contents of the cun attractive in appearance. 

There has been a vast amount of work done upon milk to 
the end that notwithstanding the difficulties inherent in our 
modern long-distance transportation of this food, safe milk 
may be delivered in our large cities Just imagine for a 
moment what would be Involved if a city bad to depend upon 
the distribution system of the small town or upon the primi- 
tive method in vogue in parts of the old world where the 
milk goat is driven to the door and milked! 

It may be news to some that the frying of doughnuts is an 
exact science and as Dr. Tolman says, ”To give the best re- 
sults it must he carried out at a definite temperature for 
each individual kind of fat, and with the different methods of 
making the dough. The working out of these conditions has to 
be done with much more exactness than is ordinarily done in 
the kitchen. So that we find the large producers of lards, 
cooking oils and compounds first work out the best methods 
of using their products in pies, cakes and bread before they 
send out their directions for using. In this way we find the 
chemical laboratory expanding its work so as to include the 
trained dotmestlc science worker” 

The problem of the food chemist is frequently vef7 com- 
plex. Many industries have actually begun in small kitchens 
with the producers personally marketing their product To 
maintain the same characteristics in such products when pre- 
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pftrcd on & cotninc^rdal scale is sometimes dlfflcult* for foods 
must be not only nourishing and attractlTe In taste* but must 
maintain an api^lslng appearance. Flavor is a very delicate 
quality and when once the public taste has been cultivated all 
precautions must be taken to maintain the taste unimpaired. 

Just as the prevention of spoilage has been the outstanding 
feature of the last twenty years, so Dr. Tolman predicts that 
during the next period we may properly expect unusual de- 
velopments doe to recent work with those Indefinite substances 
called vitamines, the influence of which upon body growth 
and maintenance has been proven so conclusively in experi- 
ments not only upon laboratory animals but In, many cases, 
upon human beings. 


^ SCIENTIFIC INSTRUMENTS. 

The United States Tariff Commission has compiled informa- 
tion concerning scientific instruments for the use of the Com- 
mittee on Ways and Means of the House of R^^presentatlves, 
and in this is brought together considerable information of in- 
terest to the chemist. For example, the many paragraphs un- 
der which scientific Instruments are mentioned In the Tariff 
Act of 1913 are brought together in one place where a com- 
parison of rates of duty on the different materials of Inter- 
est to the laboratory can be made. The articles included under 
the term scientific Instruments are very diverse Such instru- 
ments are characterized by a high degree of senSltiveneBS and 
the dependability with which they serve their various pur- 
poses. They are Instruments for the measurement of weight, 
volume, length, heat, temperature, light, color, and time. A 
great many instruments are electrical, either bemuse of their 
employment in relation to electrical phenomena, or by reason 
of the use of electricity in the determination of other phe- 
nomena. The continued application of scientific methods to in- 
dustry has developed a new and extended demand for scien- 
tific instruments which were formerly little known outside 
the laboratory of the student. We now have many kinds of 
engineering, physical, chemical, and medical instruments. 

In the manufacture of such Instruments the major portion of 
the raw material is metal and glass but porcelain, wood, rub- 
ber, different sorts of insulating materials, quartz, feldspar, 
and calcite may also be mentioned The methods of manufac- 
ture employed in the United States do not differ materially 
from those abroad, but it is evident to many that If the in- 
dustry can be developed to the point where quantity produc- 
tion can be undertaken, our manufacturers can then provide 
the necessary tool** and in some cases automatic devices that 
will p(*rmit the production of high-grade instruments on the 
American system, which should greatly reduce the cost of 
manufacture, now a handicap in competition for both domestic 
and foreign custom. For example, there has been no such 
opportunity to standardize and to put the scientific Instru- 
ment Industry on a great producing basis as has been the 
case with automobiles, sewing machines, typewriters, and sim- 
ilar apparatus. 

The census indicates that tliere were 197 companies, with a 
total capital of thirteen million dollars, as producers of scien- 
tific instruments, excluding medical and surgical instruments, 
in 1914. Seventy per cent of these establishments are to be 
found in New York, Illinois, Pennsylvania and Massachusetts, 

The conditions of war have changed some classes of instru- 
ments from the exclusively imported to the exported side of 
the books and scientists generally, as well as the manufac- 
turers, are now concerned with the question of keeping our 
scientific Instrument industry on a basis that will provide do- 
mestic needs and also permit exportation. To do this without 
placing an undue burden upon educational institutions is 
one phase of the problem, for notwithstanding the greatly 
increased cost of production abroad, It still costs more to 
make devices of this kind in the United States, although in 
some Instances, notably chemical glass ware, the quality of 
our American manufactured material 4$ better than that 
which heretofore came from across the * ^nd* 


QUEBRACHO. 

The Latin American Division of the Bureau of Foreign and 
Domestic Goimnerce has recently reported upon the quebracho 
industry as it is found in South America, Argentina and 
Paraguay being the two most lmix>Ttant countries. The fol- 
lowing is abstracted from that report. 

Quebracho is one of the natural monopolies of South Amer- 
ica, Just as potash has been a natural monopoly of tiermany 
and Jute of India. It Is a distinctly South American wood, 
but is confined to a region of some 300,000 square miles near 
the central part of the continent, particularly northern Ar- 
gentina and western Paraguay. In some of the other coun- 
tries, notably Bolivia, Brazil and Umguay, these trees are to 
be found scattered through the forests, but this distribution 
greatly raises the cost of operations. It is believed that the 
present rate of cutting is less than the annual growth, so that 
there is no immediate danger of exhausting the supply of raw 
material 

The first appearance of quebracho wood was at the Paris 
Exposition in 1807 soon after which it began to be used for 
tanning purposes in Europe. It has been prominent as an 
important commercial commodity for only thirty years, the 
exports In 1887 of logs from Argentina being valued at 172,700 
pesos, with a high water mark in 1911 when the value was 
0,897,000 pesos The total value exported from South America 
In 1910 was 19,663,000 pesos. The first trade was established 
In quebracho logs but in the last twenty-five years the in- 
dustry of preparing the extract has been built up in South 
America and Is now In a flourishing condition Notwith- 
standing this activity, there has continued to be an extensive 
exportation of logs, particularly to Europe and as the wood 
is very heavy, it is one of the curious features of the trade 
that this shipment of logs 0 or 7 thousand miles should be 
maintained, especially In view of the fact that the expansion 
of the extract industry in South America could easily provide 
the requirements of American and Euroix^au tannersL The an- 
swer seems to lie in the fact that certain tanners find it de- 
sirable to make themselves independent of the extract pro- 
ducers and In the fact that the quebracho wood contains such 
a large percentage of tannin that the loss involved in shipping 
the logs is not great They arc usually carried in sailing 
vessels at low cost and besides this, the Increased skill and 
experience of the operators and the more scientific methods 
employed in certain foreign countries made It possible to 
import the logs and then sell the extract at prices lower than 
those in Argentina. Before the war Gi*rinany, for example, 
exported 20,000 tons of extract yearly at prices less than 
those of tbe extract delivered in Buenos Aires. 

In obtaining the extract from the wood the customary 
method is to reduce the logs to chips by the use of revolving 
cylinders faced with sharp knives, after which these chips 
are either placed in vats of water and boiled or are di- 
gested in closed copper containers with the use of steam. The 
resulting liquid, which is very concentrated if preimred by 
the second method, is cooled, then allowed to stand a suffi- 
cient time for settling, or precipitation is caused by the use 
of **11 ‘inicals. This process also tends to decolorize the liquid. 
Now the clear liquid is evaporated until the moisture has been 
reduced to BO to OO per cent if it Is to be shipped in liquid 
form, or to 20 to 25 per cent when it solidifies upon cooling. 
Approximately 23 per cent of the weight of the wood Is rep- 
resented by the extract 

While quebracho is not Indispensable to the tanning in- 
dustry, it is a very desirable reagent, for it does Its work 
very rapidly, producing results In a few days which are se- 
cured by other tanning materials In a period of weeks or 
months. The Importance of quebracho in the war was largely 
due to this rapid action, and when the demand for greatly 
increased supplies of leather is not so imperative as it has 
been, other tanning materials can be used If there is a cost 
advantage. 
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QUICK-HARDENING CONCRETE. 

I\ H. Bates of the Pittsburgh branch of the Bureau of 
Standards, has reported the results of some of his researches 
on cements capable of producing quick-hardening concrete. 
These materials are prepared in a manner similar to the 
method employed In ranking ordinary Portland cement, but 
their oompositlon dlifers considerably In that they are com- 
posed principally of lime and aluminum. These calcium 
alumlnates are very high in alumina and while they do not 
have a very rapid Initial set, they do harden quickly and 
therefore produce high strength within a short space of time. 
For example, one of the mixtures has a strength of 3,145 
pounds per miuare inch for ti 1 6 mixture, tested In the form 
of a six by twelve-inch cylinder at the end of twenty-four 
hours, 6,100 pounds per square Inch iit the end of seven days, 
and 8,220 pounds per square inch at the end of one year. 

There are also a number of tests reported with concrete In 
which **Sorei cement'' was employed. These cements are pre- 
pared from light calcium magnesium and magnesium chloride 
solution and In twenty-four hours such a cement develops 
strength nearly equal to that shown at the end of seven days 
by a similar concrete in which Portland cement is employed 

Such cements cannot be used where the resulting concrete 
is expected to withstand prolonged action of water, but the^ 
do commend themselves for certain special useg where a am- 
Crete must not only harden in a brief space of time, but also 
develop high strength. The Sorel cement concretes cannot be 
frozen and temperatures below freezing, while retarding set- 
ting, do not Interfere with the action of the cement and no 
special precautions need be taken in protecting the material 
when used at low temperatures. The preparation of founda- 
tions for guns Is but one of the many examples of the special 
uses for which such materials can be employed and as such 
an amount of moisture as Is usually present in the air does not 
materially affect the strength, it appears that other considera- 
tions than quick-hardening may make them very desirable. 

In the case of the Sorel cement concrete, hardening takes 
place as the result of the reaction between the magnesium 
chloride and the magnesium oxide. Hence the importance of 
having the correct proportion between these two magnesium 
compounds in preparing the cement and concrete. In the rase 
of the calcium alumlnates, It appears that hydrated alumina, 
and calcium, whcoi formed under the proper conditions, consti- 
tutes the greater part of the binding material of the com- 
pounds. The higher the alumina content in the alumlnates, 
the slower will be the action with water forming the hy- 
drated alumina, and consequently the slower will be the tinn 
of setting 

The results of Mr Rates' work were reported before the 
American Society of Testing Materials and will be found In 
the Proceedings for 1019 


SMELTER WASTES. 

In many instances so-called Industrial wastes can be 
recovered, but there Is frequently the question of what to do 
with them. Manufacturers c*an hardly be expected to go to 
the expense of recovering large quantities of material for 
which there is but a Umltetl demand and apparently small 
prospect for developing new uses. It has been pointed out 
that If all the arsenic was to be recovered from smelter fumes, 
tlie mere storage of this poison would become a considerable 
problem. The same has true of the sulphur dioxide 

froth the stack gases of smelters which are naturally U>cated 
at points at considerable distances from possible markets. 

In the December Issue of the Journal of Industrial and 
Engineering Chemistry it is noted that the Forest Products 
Laboratory has suggested the possibility of utilizing liquid 
sulphur dioxide which could be prepared from these stack 
gases for the manufacture of sulphite add for the paper in- 
dustry. Liquid sulphur dioxide would not present a difficult 


transportation problem and possesses many advantages over 
sulphur for the purpose mentioned. For example, this liquid 
sulphur dioxide from the smelter product Is free from all 
foreign material with the exertion of a very small percentage 
of moisture. It could be produced In quantities exceeding the 
demands of the sulphite Industry and its use would conserve 
sulphur and sulphnr-bearlng materials now employed. 

The paper Industry has also been suggested as a possible 
outlet for the excess chlorine gas sometimes produced in the 
manufacture of sodium hydroxide from brine solutions. Cer- 
tain mills have already installed their own bleach plants, 
finding it more satisfactory to produce chlorine products at 
the mill than to transport them, but there are still a number 
of mills which might find it profitable to experiment with 
liquid chlorine in preference to the bleach with which they 
are so familiar. 


FIRE PROOFED TIMBER 

Notwithstanding extensive uses of metals, concrete, and 
other non-lnffammable building materials, a vast quantity 
of wooil continues to be used, and it is still important to de- 
vise methods for reducing the fire risk. An English company 
has announced the perfection of a process which consists In 
first removing the air, moisture and sap under heat and 
vacuum treatment, and then impregnating the wood with a 
mixture of nou-inflanunable chemical solutions which replace 
the materials previously removed. The flnal treatTnent dries 
the wood, causing the chemicals to crystallize and then these 
crystals to form a coating which excludes oxygen, thus ren- 
dering ignition an impossibility. It is claimed that the higher 
the temperature the greater the expansion of these crystals 
throughout the wood, so that while excessive temperatures 
may cause charring, there is no ffamo. It is also stated that 
no detrimental effects are imparted by this treatment, that 
the wood can be nailed or have screws Inserted, finished by 
any of the approved processes, resists warping and deteriora- 
tion as well as changes due to atmospheric conditions. The 
figures as to costs have not been published In detail, but no 
doubt the cost of treatment Is not cxcesHlve considering the 
imin> resultant adviiuHiges 


PRICE OF GERMAN CHEMICALS IN GERMANY. 

According to a recent Issue of the Leather ^^orld, an Eng- 
lish publication, the prices of chemicals in Germany and 
especially thosi* used in the production of leather, have risen 
enormously This may be Illuminating to a few Americans 
who have been longing for the return of the days when It 
\^lll be possible for them to again Import German supplies 
at the old flgurea The rise in price Is due partly to 
the central offices which have increased some of the prices 
by fifty and sixty per cent, and it is Impossible to ascertain 
prices far in advance, as they vary within wide limits ac- 
cording to the buyers and sellers lu different districts. One 
kilo of soda, for example, is now five marks in Germany ns 
against eight to ten pfennigs in pre-war days, and there seems 
to be little, if any, prospect for early Improvement m the 
situation 


INSULATING VARNISHES. 

Tuk Electtical World publishes o note accompanied by a ta- 
ble giving the characteristics, solvents, and drying time of 
several varnishes suitable for insulating material. Dielectric 
resistance is said to increase directly with the length of 
baking or time required for drying, and it has been found 
that the slow drying varnish Imparts the highest degree of in- 
sulation, producing a flexible, tough film which has high 
mechanical strength and considerable durability. Black var- 
nishes seem to produce better Insulation than clear varnishes 
of the same class- Of course, varnishes should not crystal- 
lize under prolonged vibration. 
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PAPER BOTTLES. 

Altbouor bottles of glass have always seemeO rather cheap, 
those who are looking ahead begin to realize that the cost of 
fuel may some time soon so greatly Increase the cost of glass 
that other types of containers mnst be considered. The de- 
sirability of a one-time or single service container Is also 
obvious and considerable research has therefore been done 
upon a paper or wood fibre bottle. 

Many devices have been Invented, some of which depend 
upon forming the wood fibre on the outside of a collapsible 
tm^d through the use of suction. The raw material in most 
cases has been the same — ^pulp, or waste paper reduced to a 
pulp, forms the basis of most of it, and the remaining prob- 
lem Is that of proofing the container against the materials 
which are to be placed in It, having the proper consideration 
for low cost and an odorless, tasteless material. 

A recent invention provides for blowing the pulp Into the 
desired shape and drying the container by the use of super- 
heated steam or air It is stated that with the automatic 
machinery which has becm developed one dollar’s worth of 
ground wood pulp will produce 2,188 one-pint containers at a 
total manufacturing cost less than that Involved In merely 
gathering and washing the usual pint milk bottle. 


ANALYSIS OF GERMAN AIRCRAFT FUEL. 

In a recent paper read before the French Academy of Sci- 
ences particulars are given regarding the composition of the 
aviatl<m gasoline employed by Qennany. Analyses taken of 
twenty-two separate samples have given the following result: 
Aromatic cait>on», 10 per cent; saturated cyclic carbons, 10 
per cent; acyclic carbons, 56 per cent — Abstracted by The 
Technical Review from La NainrOt Nov. 22, 1919. 


FURTHER DYE DEVELOPMENTS. 

ArncNTiON Is again called to the dye question and particu- 
larly to the hearings which have been held before the Senate 
Committee In connection with the Longworth Bill, passed by 
the House and now before the upper body. The question which 
has been so frequently asked by those opposed to the licensing 
system, namely : ‘’Why did Dr. Herty fall to obtain the dyes for 
which he Journeyed to Franco?” was fully answered in the 
testimony of the Allen Property Custodian, F. P. Qorvan, who 
was able to produce a copy of the cablegram sent by ‘German 
agents in this country to von Weinberg, from whom Dr. Herty 
had received certain options. The cablegram in question 
stated : “We fully expect modification Government regulation 
which will permit us to confirm our orders. This will enable 
you to maintain your position that all goods to this country 
outside reparation goods should oorae to us.” Five days after 
that cablegram was sent von Weinberg cabled: “Sorry we 
cannot renew your option.” Shortly after this, Information 
came to light making it clear, as Mr. Garvan pointed out, that 
It was not a question as to whether we shall have a license 
system, but merely whether this license system shall be an 
American one or one controlled by Germany. The German 
agents realized the damage that had been done by the cable- 
gram exchange and later on von Weinberg again cabled re- 
newing the options. 

The hearing in question was one of greatest interest and a 
mass of testimony was introduced to show the Importance of 
the dye industry to the medical profession through the accom- 
panying research work on organic compounds, to biologists^ 
and as an agency for defense due to the ease with which plant 
and experience can be turned to munition production in time 
of need. It Is difficult to see how anyone can seriously oppose 
the steps needed to Insure these advantages for us. 


Research Work of the United States Bureau of Standards 

Notes Specially Prepared for the SCIENTIFIC AMERICAN MONTHLY 


THE WORK OF THE BUREAU OF STANDARDS IN 
TESTING AIRPI-ANE ENGINES. 

The difBcultles which Hurround the successful testing of 
an engine designed for service In an air craft are perhaps 
not generally appreciated. The successful testing of station- 
ary steam or gas engines presents no particular dlRicultles, and 
even In the case of locomotives, laboratory dynamometer tests 
have been carried out with success for many years. The 
peculiar conditions under which aircraft engines are called 
upon to operate are the main causes of the difilculty in carry- 
ing out successful laboratory Investigations Such engines 
do not ordinarily work under the conditions encountered near 
the surface of the earth but perform most of their duty at 
altitudes ranging from a few hundred to 80,000 feet or more. 
Atmospheric pressures and temperatures are very different at 
high altitudes from those existing at the earth’s surface, and 
both have a great influence on the operation of an internal 
combustion engine. The amount of explosive charge which 
the engine is capable of drawing into Its cylinders varies with 
the density of the air, and this, of course, changes with the 
altitude. Temperature Is also a controlling factor, and be- 
sides affecting the quantity of the ebat^e drawn Into the 
cylinder, also produces numerous other variations In the 
operation of the engine, such as those brought about by the 
r^uctlOQ In temperature of the drcnlating water, the oil, etc. 

Over two years ago, It was decided that an extensive In- 
vestigation of airoraft engines under altitude condltloiM 
ought to be carried out, and in cooperation with the National 


Advisory Committee for Aeronautics, the Bureau of Stan- 
dards constructed what has since become known as the 
''Altitude Laboratory.” Briefly, this consists of a small con- 
crete room constructed with walls of sufBclent thickness and 
so reinforced as to resist a considerable pressure from with- 
out. The chaml>er is provided with two large doors on oppo- 
siite sides, arranged to close upon rubber gaskets, so that they 
are practically uLr-tlght wh«a shut. Wlitliin this chamber a 
stand is placed, so arranged that upon It can readily be 
mounted any ordinary type of aircraft engine. Means are like- 
wise provided for witSidrawlng the air from the Interior of 
the chainl>er, end also the exhaust gases from the engine by 
means of a vacuum pump. The engine is connected through a 
flexible coupling with a shaft ipassing through the wall of the 
chamber to an electric dynamometer mounted outside the 
latter. The power of the engine Is tons absorbed and may be 
readily measured. 

The air \\blch supplies the carbureter first passes over a 
bank of refrigerating colls placed above tbe altitude chamber 
and its temperature Is thus reduced to a point approximating 
that which would be met at tbo altitude under which the test 
is to be conducted. Since by means of the refrigerating plant 
alone, the temperature cannot be controlled with sufllclent 
accuracy, electrical heating grids are likewise mounted In the 
air pasage and thu« tbe air’s temperature may be held 
substantially at the figure desired. Similar cooling coils are 
installed within the chamber itself and fans driven by electric 
motors circulate this air past tbe engine, thus simulating the 
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conditions of an actual dight As before mentioned^ th^ ex** 
baust gases from the engine are withdrawn by means of a 
vacuum pump. They are first cooledi however, by injecting 
water Into the exhaust pipe at some distance beyond the en* 
gine connection. This water is again separated from the 
gases before they enter the pump. 

The equipment for measuring conditions surrounding the 
operation of the engine is unusually complete. Thermocouples 
have been located at all points where It is of importanee to 
determine temperatures, and by means of a manometer board 
the pressures on both the intake and exhaust sides of the % 
engine, as well as within the chamber, may readily be de* , 
termined. Weighing tanks are provided for the fuel and a 
meter Is placed upon the air inlet of the carbureter to deter* 
mine the air fiow to the engine. Since It is possible to de- 
termine with ease the total heat units in any given fuel, and 
since the lieut equivalent of the engine's brake horsepower 
may he likewise calculated, it is possible to state with ac- 
curacy the brake thermal efiiciency of any type of internal 
combustion engine. 

The heat losses which occur are also easily measured, 
since the total amount of water passing through the Jackets 
and its rise In temperature are recorded as well as the amount 
of water used to cool the exhaust and the change In Its tem- 
perature. The only undetermined heat loss is that due to 
radiation of the sufaces of the engine, but this is known to 
be extremely small. 

This plant has enabled tlie Bureau to make observations 
on aircraft engines under conditions closfdy approximating 
those met with in actual flight, and yet without any great 
amount of difficulty and surrounded with all the necessary 
laboratory appliances. Investigations have been conducted 
to determine the relative merits of varidus types of airplane 
fuels and the work In the altitude laboratory largely Influ- 
ence<l the drawing up of specifications for the BO<'aUed “fight- 
ing grade" of gasoline used by our Air Service during the war. 
Many investigations have been condneted on aircraft engines 
and their appliances and much of the development work on 
the Liberty motor was carried out in the altitude laboratory 

The work above described has almost an equal importance 
in peace times, owing to the ever-increasing number of air 
craft in use, and because of the fact that under ordinary 
conditions economy in fuel and durability during long periods 
of service la of even greater importance than in war. 

The original altitude laboratory consisted of a single 
chamber as described above, housed In a temporary wood and 
stucco building. This has now been replaced by two cham- 
bers forming a part of the equipment of the new dynamometer 
laboratory of the Bureau of Standards. The two chambers 
are so connected that they may be used separately or to- 
gether, that Is, both sets of pumping equipment may be 
used to withdraw the air and gases from one of the cham- 
bers, thus allowing the testing of very large engines. 

It is expected that a very complete program of investiga- 
tion will be carried on and it is believed that the work will 
b 9 of the greatest Importance, not only to the aeronautic in- 
dustries, but to all those interested in the fundamentals 
connected with the performance of internal combustion en- 
gines. 


INVBSTIOATI^N TO . DBTBRMINB THE HEATING OF 
OAR WHEELS CAUSED BY THE BRAKE SHOES. ' 
Thb type bf wheel In very general use under the freight 
cars In the United States Is made of chilled cast iron. This 
style of wheel has been In use with general satisfaction for ' 
over half a century. Failures of whbbliS of this typo arq 
comparatively rare, but it has been noted that on railroads 
having idi^lr grades, quite a large ndtuber of ^d^r^lments 
have occurred ai the bottom of these inclines, ap« 
part^'tiy due to failure of one or more car wheels. After 
extensive study of these accidents, it has been determined 


that the failure of the whe^ is caused by heating due to 
the prolonged application bf the brake shoes on the descend- 
ing grade. This heatlUg Is sufficient to st^^ up extremely 
high stresses within the wheel which ultimately cause crack- 
ing and failure. r, 

In order to determine the exact temperature in different 
portions of the vhecli after prolonged heating of the rim, 
the Bureau has instituted a complete lovestigntion of this 
subject. It Is dbvlous that such measurement^ cannot readily 
be made upon a wheel in si^rvlce, and considerable ingenuity 
has been shown In perfecting a laboratory apparatus capa- 
ble of producing conditions analogous to those met with 
on the road. The wheel is mounted in a vertical position and 
surrounded by electrical resistance coils Insulated from but 
setting close against the rim of the wheel. Holes are drilled 
in the wheel at all polfits at whlcli it is desired to obtain 
temperature measurements and into these openings thermo- 
couples are Inserted. The wheel can thus be heated to any 
desired temperature at the rim, and the correspondlhg tempera- 
tures at other portions easily road. Quite a number of wheels 
have already been tested and others are being submitted 
from time to time by parties interested In this work. 


FI^T SLAB INVESTIGATION. 

The preliminary work on the testing of the concrete floor, 
mentioned In the last issue, is being carried forward rapidly. 
Beginning on November 26, a series of readings of deforma- 
tion In the steel and concrete were taken three times each 
day. A total of eighteen gage lines were toad each time, 
these lines being well distributed over the under side of the 
slab. Tills work was continued until December 13. The par- 
ticular object of these special readings was to obtain impor- 
tant information regarding the changes in the stresses due 
to weather conditions which were very variable at that time. 
At the time of this writing, the load testa are about to be 
commenced and In a few days it is expected that the action 
of the structure can be predicted. The loading material in 
this case will consist of stacked brick 5 x 8 x 4^^ Inches in 
size. The first application of load will consist of one layer 
of these bricks over all parts of the slab. 


A SUBSTITUTE FOB JUTE BURLAP FOR SAND BAGS 
USED IN MILITARY WORK 
pBELiHiMA&Y laboratory tests have been completed in the 
investigation of substitutes for Jute burlap for sand bags, 
such as are used by the Army, It has been shown that paper 
does not equal burlap In tensile or bursting strength, but, 
nevertheless, it is felt that paper suitably made up into bags 
may be of value for this purpose. Further tests are to be 
made on four types Of paper, as well as on burlap and cotton 
fabrics, abd.all these materials will be subjected to weather- 
ing tests. Bags will be obtained, made up of these materials, 
and will be giyen laboratory tests and also teats under field 
conditions. 


DETERIORATION IN THE STRENGTH OF PAPER AFTER 

STORAGE. 

As a result of tests oii approximately l60 samples of paper, 
stored since March, 1209, it is noticed that bonds and ledgers 
containing 100 pey cent nag did not deteriorate in bursting 
strength as mu<^ as printing, writing, and similar papers 
containing wood pulp. The loss in bursting strength for the 
first class of papers tested was 119 per cent, while the 
bursting strength for the second class was 20.4 per cent less 
than when Heated' in 1909. 

While ^eee oonduaions have be«m derived from tests <m 
nearly 160 samples, as above noted, a still larger number of ad- 
ditional samples will be tested soon, and the results studied to 
determine, if possible the causq' and amount of the deteriora- 
tion of paper in storage. * ' 
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DO OALORIE& MEASURE THE VALUE OF FOOD?* 

By Hbrby Dwight Chapin, M.D. 

At the attendon of phyaldana la being called more and 
more to problems of nutrition and their solution, it may not 
be out of place to re-exaznlne some of the foundations of 
our teachings and see if they are altogether sound. 

CAIORIKB AND FOOD VALUES 

Much is written and said about calories, as the food value 
of a certain substance is so many calories; and there is a 
suggestion that a calory Is a sort of food Ingredient, the 
real value of food depending on the number of calories present 

A calory Is a measure of heat, Just as grams, ounces or 
pounds are measures of weight. If a table of food values was 
prepared which stated that a definite quantity of milk yielded 
6 pounds, meat 8 pounds, bread 4 pounds, and soup 1 pound, 
the natural question would be, ^'Founds of what?” Scant 
attention would be paid to any one dwelling on the value of 
particular foods, because the pounds were there. Is It any 
more rational always to dwell on the value of a definite 
quantity of food shivply because it contains so many calories? 
The most diverse kinds of food may have the same caloric 
value but a very dllferenit nutritive value. 

The calory method of feeding Is based on the assumption 
that nutrition processes depend solely on the oxidation of 
food, and that the heat given off as the result of the oxida- 
tion Is the sole measure of the value of the foo<l. In practice, 
the tendency Is to keep a table of calory values from which a 
diet is made out by an arithmetical process, and the physi- 
cian Is likely to feel that If the calory count la correct, the 
food problem is properly solved. 

In experimental nutrition, however, it is soon found that 
nutrition is not a simple oxidation process Many feeding 
experiments have been conducted with animals to see If food 
materials from different sources, having supposedly the same 
chemical composition and yielding the same number of cal- 
ories as the resuK of oxidation, have the same practical food 
value. One of the most notable of these experiments was 
made by Hart McCollum, Steenbock and Humphrey* at the 
Wisconsin Agricultural Experiment Station with a large num- 
ber of animals over a period of four years, and some of th^r 
remarks and conclusions make Interesting reading. They say, 
Id part: 

“There la evidence from the data that there in a dlstinot 
and Important pbysiolpgic value to a ration not measurable 
by present chemical methods or dependent on the mere supply 

^■Bead before the Amertcan Pediatric Society. Atflantio City, N. J. 

^Beteareh Bull. . 17. UnlTsislty of Wlseobsiu AgrMltural Bxporl- 
ment Station. 


of available energy. While the latter are Important and give 
valuable data for a starting point, they are, nevertheless, in- 
adequate as final criteria of the nutritive value of a feed. 
. . . Probably none have felt the limitation of mathematically 
constructed feeding standards more than those who have taken 
a prominent part In their development, and even the practical 
and successful feeder uses these standards only as a help, 
varying the kind, as well as the proportion of total nutrients 
In the ration to meet the requirements of the indlvlduaL The 
kind of nutrients, however, receives his attention only when 
their effects are extremely pronounced and immediately ap- 
parent. . . . But In addition to the limitation of mathematical 
standards, which consider only digestible nutrients, or the 
total net available energy of a ration, there are still other im- 
portant factors that must be considered. Wo refer to what 
may be called the phuBiQloftio value of the ration. , . . There 
are many different proteins, in addition to nitrogen-bearing 
bodies of nonprotein character; fats of different compositions 
and degree of saturation; carbohydrates of many types; and 
almost a host of undetermined and undefined bodies In the 
dally ration of a domestic animal. . . . Unquestionably the 
phyHologio value of a ration Is largely dependent on its chem- 
ical constituents, but the usual determinations made on feed- 
ing materials do not reveal the character or manner of com- 
bination of many of the constituents. Consequently, the 
physiologic value can be determined in the present state of our 
knowledge only by long continued observations of the reac- 
tion of the feed on the animal.” 

Since the foregoing experiments were conducted, animal 
feeding experiments have been widely carried on, and it seems 
to be the universal finding that the number of calories a food 
yields on oxidation is not at all an indication of Its feeding 
value. Bayliss^ says : 

“Heats of combustion do not necessarily give the actual 
energy value of foodstuffs as available in the organism. , . . 
In the animal body, energy is derived from chemical combina- 
tion. This form of energy Is readily amverted into various 
other forms without the necessity of passing through the 
form of heat.” 

AXALIIOBIC AND AEBOBIC BKACTIONH. 

At this point It may be well to call attention to a fact 
not generally known, namely, that large quantities of the com- 
mon foods are used by adimahi by anaerobic metabolism, since 
air is not essential to animal life In all oases. Mammals and 
birds quickly dl4 from lack of oxygen. Frogs may remain 
alive for days in an atmosphere containing no oxygen. Fish 
and reptiles may live without air for some time, while insects 

^BayJlas, W. M. : Principles of Oenersl PhyslologF. New York. 
Longmans, <3>roen A Co., lOlS 
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will live and be active In a vacuum for aeveral dark Leechea 
can live ten days without oxygen, Bunge* says: 

**1 have made many experlroeots with the roundworm of the 
cat, and have satisfied myself that these animals can live in 
media entirely free from oxygen for from four to five days 
and be extremely active during the whole time. Whoever has 
seen these movements must be convinced that oxidation is 
not the source of muscular energy in these animals." 

It Is evident that animals which eat the common foddstullS 
and obtain energy from them for days at a time in the absence 
of oxygen do not carry on their vital processes and obtain 
energy as the result of oxidation, and that for them the 
amount of beat that can be produced by oxidation of the food 
they utilize is of no Interest. 

In the bodies of higher animals it appears that the pro- 
cesses of nutrition are a combination of anaerobic and aerobic 
reactions. From reading Bayliss it would aeem to be fairly 
well settled that the primary processes in the bodies of higher 
animals are anaerobic, and that the aerobic processes are 
secondary. The contraction of the muscles is an anaerbbic 
process: 

**There Is neither consumiptlon of oxygen nor evolution of 
carbon dloxld. It is not an oxidation process. ... To restore 
the potential energy which the system has lost in contracting, 
energy Is sut^lied by another reaction of a chmnical nature, 
which succeeds the contractile stage. . . . The energy required 
for the second process is afforded by a reaction In which 
some substance, carbohydrate or fat, is oxidized. Much oxy- 
gen Is used and carbon dioxide given off . . . Oonsideratlon 
of life without oxygen leads to the view that the actual 
source of the free energy required by a living organism is a 
secondary matter. If it cannot be obtained by oxidation, 
other chemical reactions, although of a less efficient kind, are 
made use of." 

If this is the case, it Is easy to understand how the large 
number of animals that can live without oxygen obtain their 
energy — they simply use more food and discard it at the 
point at which oxidation begins in the aerobic animals. 

VALUE OV THESE FACTS TO THE PHYSICIAN. 

These facts are of much importance to the practicing phy- 
sician. He is required to solve numerous problems which 
call for the selection of food of the right phyiioloffio value 
for a given individual. What may be the right physiologic 
value for one may not be suitable for another. It Is possible 
that the difficulty lies in a perversion of anaerobic metabolism 
In one case and aerobic metabolism in another. It has been 
conclusively shown that In practice the caloric value of a 
food is no strict Indication of its nutritive value, but it has 
not been shown why this is so. With the recognition of the 
fact that an animal body is not merely a furnace in which 
food is burned, but that a long series of chemical changes in 
the food takes place, it is not difficult to see why practical 
results often cannot be obtained with foods valued only by 
their oxidation properties. To quote Bayliss again; 

**The general conclusion seems to be Justified that the cell 
mechanisms are such as to be able to use chemical energy 
whether it comes from oxidation or otherwise, and that they 
are independent of the particular chemical reaction which 
affords it." 

The animal body Is highly complex, with a metabolism 
that is in part anaerobic and in part aerobic, as some tissues 
live by the former process and others by the latter. 

SUMUABT. 

Heat or energy may be produced by chemical cleavage as 
well as by oxidation. Heat may be a degradation of energy, 
and In the human organism It is an excretion. Heat measure- 
ment alone is not a safe guide for the calculation of food 
values. This is ecpecislly true at the beginning of life when 
growth is the all-important factor. The foods that buUd 

*Von BaasSi CMutsvs : Tsst-'Book of Physiological and Pathological 
Chomlstry, Philadelphia, P. BlaklstOB's Bon 9 Co., 1902. 


rather than those that readily naitegD oxidatkNi anist bs 
prepay gaged If we are to have healthy deeelebiiMiit Some 
form of biologic tegtieg of foods tnuat be elaborated if on 
always reliable gags of nutritloii is to be established. 


THB REOBNERATION OF USBD LUBRIOATINO OIL. 

It was kmg considered impossible to regenerate liibricatlng 
olis because it was believed that they had undergone a neces- 
sary loss of lubricating power in the course of th^r em|doy- 
ment This has now been proved not to be the fact. The 
French sdentist, M. RIaUaud, has Just investigated a physlco* 
(diemiioal sneoess which gives excellent results. As des^bed 
in the July-August number of Let Afmale» de$ Faltifioaiiom 
et des Fraudeo, the process Is as follows : 

Used lubrioeiting oil cantuins three kinds of impurities : 

1. Very minute metallic partides, the smallest of which may 
have only 1/8 of a micron for their largest dimension ; 

2. Particles of carbon of about the same size as the fore- 
going, these being especially frequent in the oils coming 
fiom explosion motors; 

3. True metallic soaps result from the combination of the 
metals and the fatty acids proceeding from the original lubri- 
cants when the latter are of organic origin, like castor ell. In 
the case of mineral oils compounds analogous to the naphthcoes 
appear to be formed. These two kinds of compounds, whidi 
are very unstable, are readily decomposed by heat, and when 
thus decomposed they deposit upon all heated points metal 
oxides which possess abrasive properties similar to those of 
carbon particles. 

These particles of carbon or metal are visible under the 
microscope and they Impart to the alloys in which they are 
found either some coloration or a certain degree of turbidity ; 
the metallic compounds may, however, be found In an oil 
which to perfectly clear. 

No purely physical process is capable of completely removing 
these Impurities since the first set of particles are too small 
while the second are soluble. M. Rlallaud has recourse, there- 
fore, to a vexitable "sizing'* analogous to that of wine and 
beer. Two aqueous liquids are prepared, one of which con- 
sists of dilute sulphuric acid, while the other contains caustic 
soda, tannate of soda and gelatine, the latter being obtained 
from tannate of eoda by means of a large excess of soda lye. 
This excess and the concentration of the first liquid must be 
such that upon mixing together equal volumes of the two 
liquids the mixture will continue to remain acid. Under these 
conditions sulphate of soda will be formed, while the tannin 
comiblnes with the gelatine to fonn a mucilagenous precipitate. 

After heating the oil to be regenerated In order to render it 
more fluM, about 6 per cent of its own volume of the first 
liquid la added — this volume being dependent upon the degree 
of concentration and the content of impurities; the mixture 
to then vlgarously atitred, whereupon the naphthenea and the 
fatty acids of the metallic compounds are set free; there will 
be formed the sulphates of the metals which they contain 
and which remain In the aqueous solution. An equal volume 
of the second liquid is then immediately added, the stirring 
being continued vigorously, thereupon the aforesaid combina- 
tion of the tannin and the gelatine will take place. l%ia 
mucilagenous precipitate carries down with it the minute 
particles of metal and of carbon, and erven portions of the 
sulphates produced, especially of the sulphate of soda. The 
density of the gelatinous particles thus formed Is so great that 
density of the gelatinous particles thus formed is so great 
that upon decantation they are rapidly separated from the 
liquid. 

The mixture Is decanted while hot and then filtered, still 
while hot, In order to separate such particles as have not 
been deposited by Che decantation. The regmerated product 
is found to possess the same qualities as the original oil 
with the exception merely that the index of saponification 
of vegetaMe oils is somewhat diminished. 




FIG. 1. THE JACKSHAiFT BEING LOWERED INTO PLACE IN THE PROPELLEB-TESTING PLANT 


Propeller Testing Laboratory at McCook Field* 

An Elaborate Plant of the Army Air Service 

By F. W. Caldwell, Aeronautical Engineer, Air Service, U. S. Army 


T he Army Air Service has puit Into operation at McCook 
flrfd a propeller testing laboratory that is believed to 
be the most powerful and complete plant of Its kind 
la the world. The existence of this laboratory and the scope 
and dliaracter of the work done there are almost unknown 
among aeronauiblcal engineers and others interested in the 
aeronautical industry. Tbis fs primarily due to the necessary 
conservatism which has governed in making public military 
activities during the war. 

The purpose of this article is to give a description of the 
laboratory eQuixnnenit and of the scope of the tests tlmt are 
carried oult there. 

This plant was erected In order to safeguard the experi- 
mental propellers against the possibility of failure in the air 
and at the same time to make tests of promising inventions 
and designs. 

Serious propeller failures have been so rare with the Army 
during the last itwo years that many persons do not realise 
the damage that is usually caused by them. The fact that 
these aodUents have been so rare is largely due to the policy 
of not allowing any propeller to go Into the producUtm until 
the design has been standardised. This process always includes 
a destructive whirling test of at least one propeller of the 
design made of the wood whidh la proposed for production. 
The test given Is an overload test, the amount of overload 
and the endurance of the teat being varied at the discretion 
of the engineering department; for most wooden propellers, 
however, a test of ten hours at an overload of 50% Is sufficient 
to Insure an ample factor of safety. 

Anyone who has seen the results of a bad propeller failure 
need no(t be told of the etteot. It is only necessary to imagine 
an nnibalanced centrifugal force of 80,000 Uw. resulting from the 
loss of one of the blades; with this centrifugal load changing 
Its direction with each revdutkm it U only a matter of good 
fortune If the wbffie machine Is not wrecked. 

^Itcpiiatsa from tho Aiurktl Agt WaoMy. « , 


In des^min^ this testing latora/tory a nuimber of sources of 
power were oonslderetl. At the start we laid down the fol- 
lowing spedhcatlons for the design; (1) the plaiit onust be 
capable of developing a (maximum power of not less than 2,200 
horse-power; (2) it must be provided with an accurate cqpeed 
control up to tlie maximum siieed of 3,000 r.pm. , (3) provision 
must be made for accuraitely weighing the thrust and torque; 
(4) a bombproof must be provided for catching the flying 
parts of broken propellers and the borabpniof and tho base 
of the power plant must be arranged in such a way as to 
mlnlmlKe the Interference with the flow of air through the 
propeller; (5) provision must be made for an obaervation 
chamber protected from the flying parts. (6) suitable equip- 
ment rnu&t be prnwlded for measuring the deflection of the 
propeller while It is tuniing. 

A number of different ways of furnishing the power for 
the operation of tlie proiadHer shaft were investigated. Thb 
steam turbine offered the objection that a large steam boiler 
equipment was required and the horse power delivered could 
be only approximately estimated from the bowl pressure. The 
alternating <nirrent electric motor did not offer satisfactory 
speed control. No standard type D. C. electric motor of Ihis 
power and speed could be located end we were assurtd that 
considerable trouble with commutation would be encountered 
with a direct current motor of such high speed, DIrty»t cur- 
rent motors of lower speed were available and estimates 
were obtained on gearing to step the speed up The time re- 
quired for delivery vras considered Impractical 

Meanwhile It was found that n number of Sprague dyna- 
mometers rated at 200 to 300 horso-power were available. 
These can be run at 200 horso-power continuously if pi^oper 
cooling Is provided, and can be run for a few minutoA at 300 
horsepower. 

The Sprague machines offered all the advanlages of great 
speed range, accurate control, and accuracy of power meas- 
urements. Furthermore, the Sprague machines, being of 
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smaller diameter, could be streaLtullned la such a way as to 
interfere as little as possible with the propeller blast. It was 
f<nmd that sufficient power could be obtained by the use of 
four of these machines in a row. 

The arrangeniieiit of llhe four Sprague machines can be 
9 e&i in Fig. 2. This photograph, taken during the course of 
construction, fiihows the concrete supports for the motors and 
the framework of the concrete housing. At the right hand 
end of the picture is shown the massive foundation of the 
jackshaft pedestals. The motors are joined by Francke coup- 
lings of ample size. These couplings have given no trouble 
whatever. 

Figure 1 shows the Jackshaft being lowered Into place. 
This Jackshaft Is a six-inch nickel steel shaft This size and 
material have been found necessarj’ to wltluHiand the shocks 
imposed by a suddenly breaking 
propeller. To further reduce the 
shock a shaft extension Is pro- 
vided. This extension ts Iwltetl 
on the shaft end by means of 
four %-lDCh bolis. These bolts 
are drilled out inside to 6/1 0 
inch. If a propeller breaks near 
the hub on one blade the unbal- 
anced centrifugal force breaks 
the bolts and the shaft is not In- 
jured. 

The archllke bombproof shown 
in Fig, 1 is being used as a crane 
It is provided with wheels and a 
track and serves to move any of 
the xnotors or parts when re- 
QUired. The manner In which It 
serves as a bombproof is more ap- 
parent in Fig 8. In this figure 
also may be seen the observation 
slots which lead down to the ob- 
servation chamber In order to 
aT<dd the possibility of broken 
partides flying through these slots 
into the observing room, observa- 
tions are always ftaken on the side 
of the arte where the propeller 
blades are moving upward. On 
the other side the slots are cov- 
ered with a piece of boiler plate. 

As the bite of broken propellers 
fly out almost exactly In the 


plane of revolution it \hhs n(»t found nec^essary to make 
the bombproof ver> wide. At rtie right of the picture In 
Fig. 1 can be ^n the brick power house. This contains the 
motor generator set whldi fumtehes direct current and con- 
tains a small shop for adapting experimental propellers for 
letting as well as an office for the engineer In ohargs of the 
testing plant A thorough description of each test Is kept 
here and it is ix>sslble to refer to any past test and And photo- 
graphs and all details of the test 
Tlie 1,000 K. W. motor generator set is used which 
is a stamlard Westlnghouse equipment The size of this 
machine is ample and the power Is great enough to provide 
for any probable future requirements In the way of Increased 
size of the testing motors At tJie rear of this machine are 
the cH>utactorfl thrmigh wlileh the power input to the Sprague 

inotorw lb regulated. These con- 
taietors are operated by means 
of remote controls which are lo- 
cated in the observation chamber 
underneath the propeller shaft. 
Alternating current is furnished 
by a local ix>wer company at 8600 
volts The normal voltage of the 
D. C generator is 660, but the 
voltage is varied according to the 
speed at wfhich it is desired to 
turn ithe i^prague motors, as this 
method Is economical of power 
and the current from the gener- 
ator is not used for the operation 
of any other xnachinee. 

Returning to (the description of 
the testing plant proper a draw- 
ing of the principal members is 
shown in Fig. 4. The flexible 
couplings between the motors are 
the well-known Fmncke couplings, 
and, being of ample size, they 
have never required any attenion 
since they were Inetalled. 

The floating (coupling between 
the motors and the propeller shaft 
acts oe a flexible coupling and at 
the same time roust allow the 
propeller shaft to move axially % 
inch In either dlreetfton without 
transmitting any thrift to the 
motor shaft This requirement 



KIO 3 PBOPBLLEHITEST RIG S(HOW[NQ A PBOmJ^ER 
IN POSITION FOR TEST. NOTE THE OBSERVATION 
SLOTS IN THE FLOOR BELOW THE PROPELLER 
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WM m> unaauftl that a new type of coupling had to be de- 
signed. The original dealign gave a little trouble In ellml- 
Dating all of the thmat; a later dealgiii however» npi^ears to 
give very aafisflautoiy results. 

The scale mechanbun was de- 
signed and built by the Toledo 
Scale Oo. 

The torque la applied to torque 
brikaranka (Fig. 4) by means of 
short linlEa. The torque bellcranks 
cue all tied together by means of 
horlsontal links so that the total 
load from all the machine Is ap- 
plied to the flMllcmnk nearest tho 
scales. Here an Ingenious device 
main tains tension in the vertical 
torque scale rod shown under the 
floating coupling no maltter which 
way the motors are turning. 

The thrust hearing Is a standard 
KingSbury hearing and need not he 
deeciilbed here. The thrust Is trans- 
mitted to a bellcxank and again to a 
vertical scale rod which Is main- 
tained in tension regardless of tlje 
direction of the thrust 

The observation chamber is located directly luulerneath 
the propeller shaft and both torque and thrust scales are 
located in this room The scales proper are of tlie indicaUng 
type and are shown In Fig b. l^Euch scale has a total capacity 
of 6,000 pounds, the dials being graduated to show 2,(XJ0 
pounds for one complete turn 

Between the two scales and at I he top Is an electric 
tachometer (Fig 0) which is used to adjust the revolutions 
approximately. Exact revolution speed is obtained by means 
of an ingenious electrical i*ountlng device designed by one 
of the testing staff, Mr Gray. 

At the right of the picture (Fig 6) is tlie cH>ntrol panel 
for the Sprague motors. The nwtors are operated In two 
parallel sets, each set comprising two motors in series. The 
two control handles are arranged to i>ermlt operation of the 
two sets either Independently or together. The ammeter near 
the top of the panel shows the current of each set and it 


serves as a very convenient means for balancing the load. 

Just above the scales may be seen the observation slots in 
the roof of tho roi>m. These slots are in the piano of revolu- 
tion of the propeller and extend all the way across the room. 


By close lusi^‘tlou of Fig f) these slots may be seen at 
the extreme top edge At tho time thle picture was taken 
all of the slots had been provldtHl with felt-hned trap doors 
In order to minimize the noise In the room. Any of these 
doors may 1 k» opened when an observation is to be made and 
one of riie (]*K)ra Is shown lield open In the picture 
The transit telescope shown here serves to give accurate 
readings of the axial deflection of the propeller blade at any 
radius The teletH*ope Is provided with a mlrrot sot at 45 
degrees so that llie revolving propeller may be si-on through 
the slot by looking into Mie telescope 
The sliding wa>Ts on which the telescope Is mounte<l are 
set up exactly parellel to tho axis of tho propeller shaft. 
Thus the telescope is exactly porallel to the plane of rev<^u- 
tJon of any radial element of the propeller. When the pro- 
peller is turning over at Idling spe^d the telescope is adjusted 
until tho cross hair is exactly In the plane of revolution of, 
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PIG 4 I'RINt'IPAX. 'MiEIM'RraitiS AXU DIMKNHIONS OF THK DYNAMOMETBR WITH 
TOBQUIil ANiD THBUST RECORDING SYSfrEai 



FIG 8. TRANSIT TELBSOOPE AND MIREOR FOR FIQ «. TORQUE AND THRUST DIALS IN UNDERGROUND OBSERVATION 

OBSERVING DEFLBOTIONB OF PROPELLER SPEED ROOM WITH DYNAMOMETER CONTROL SWITCHBOARD 
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say, the leading edge. The posltiou of the felesci^ la then 
noted on the scale at the right. When the speed is Increnaed, 
the telescope is again adjusted and the position again noted. 
The difference of the scale readings gives the axial deflection. 
This value is subject to a correction due to movement of 



FlU 7. CSHABACl'BRI'STICS OF TYPICAL PROPELLER FROM 
aicCOOK FIELD WHIRLING TEST 

4 


the shaft which has to be measured separately and subtracted. 

By measuring the axial deflect loo of Ihe leading edge and 
the trailing edge of a propeller at any point the change In 
pitch may be obtaioed by the metliod shown in Klg. 10. 

The present method of measurement gives the average de- 
flection of the two blades. A stroboscopic method is being 



FIG 8 CURVE SHOWING THE HORSEPOWER OF A 
PROPELLER AT VARIOUS R P M 


worked out to give the measurements on the two blades 
separately. 

Another test which is of great practical value is the water 
spray test Two views of a water spray test are given In 
Figs. 12 and 13, It will be noted from these that the water 
is supplied from an overhead pipe at the top of the bomb- 
proof. These tests may be made as severe as desired by 
regulating the amount of water, the speed of the propeller, 
and the length of the test. 

A typical curve of thmot and torque of a pr(q>dl^%f ob- 
tained from thki rig is shown In Fig. 7. 

If the thrust of tiie propeller were proportional to the 
square of the R. P. M. and ttie torque of the propeller wjpre 
also proportional to the square of the R. P. M., then the ratio 
of thrust or torque would toe a constant. Since the ratio of 
thrust to torque is theoretically Independent of R. P. M., It is 
considered a good criterion of the value of a propeller as a 
thrust producer under given conditions. 



FIG. ». GENIERAL SHAPE OF PROPBLLIBR USED IN 
TTPIOAL T®8tr 



FIO. 10. OBTAININO TOE OHANGB IN PITCH 


By reference to Fig. 7, however, it may be seen that the 
ratio of thmet to torque decreases after the speed of 1,000 
R. P. M. is readied. Ttots corresponds to a top speed of about 
320 miles per hour. This speed ptobatoly correspoads to the 
critical speed for the aerofoil at the extreme tip when work- 
ing at the correHiondlng angle of attack. As the veloelty Is 
Increased the critical speeds of sectlcms nearer the hub are 
progressively obtained, so thsit there is conslderaUe lowering 
of the thrust torque ratio when the qieed of 1,800 R. P. M. 
Is readied. (For explsnstkm of the erlitcal speed of pro- 
peller aerofoils^ see Artide by F. W. OsldweU and B. N. Fales 
In “AottowtiTe Industrie^ for August 28, 1019.) 

A curve showing the horse-power of the i^ropeller at sarlooa 
R. P. M. Is drawn In on logarlthnitc (laper in Fig. 8. Adjt- 
cent to this curve la drawn a line ropre e c nti n k what the carve 
would have been if the power were pn^rtioned to the cube 
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FIG. 11. OHAttACTESRISTIOS OP TYPICAL PROPETJ^S FOO-U McC*OOK FIBI-D WHIRT.ING TEST 


of the R. P. M. It will be noted that the horse-power is not 
proportional to the cube of the R. P M.. In view of our 
present knowledge of propeller aerofoils, It is not to be ex- 
pected that the horsepower would be proportional to the 
cuibe of the R. P. M. 

A typical set of deflection readings for a propeller is shown 
in Fig. 11. Reference to the curve showing the blade angle 
at various R. P. M. shows that the angle first Increases and 
then decreases as the prop^ler Is speeded up. This is shown 
in a more pronounced manner in Fig. 12, where the change 
In blade angle, referred to the original angle, is plotted 
against R. P. M. We have assumed that the change from 
an increasing to a decreasing blade angle Is the result of a 
shift In the center of pressure of the aerofoils. 

The change in angle of the propeller In motion offers some 
very valuable data to the designer While the distortion at a 
fixed point undoubtedly differs considerably from the amount 
of distortion encountered in flight, experiments on a series 
of different blade shapes have enabled us to draw some im> 
portent conclusions as to the effect of different blade shapes 
on the distortion. The resuUs have been particularly useful 
in connection with the stress analysis of propellers. 

The actual destructive tests have covered a very wide field. 
Tests have been made on various types of propellers, such as 
automatically variable pitch propellers, adjustable pitch pro- 
pellers, propellers made of steel, composition propellers, va- 
rious designs of wooden propellers, and various methods of 


wnstruetlng wooden propellers from conventional designs. 

In an article of this kind it is obviously Impossible to cover 
with any degree of detail the ground of the experbuents which 
have been carried on It may be said, however, that about 
two hundred ami fifty tests have been made on this plant 
for the Army and Navy, and that propeller failures in service 
have been reduced to an extremely small number At least 
two Inventions, the Micarta Bakellte propeller and the varia- 
ble pitch propeller, have been developed to a point where they 
bid fair to become Important factors in the aeronautical in- 
dustry. 

ELJXjTUlC TRUCK WITH RECENEHATIVE BRAKING 

Dr. Charles P, Steinmetz has nwntly announced the de- 
velopment, after a number of years <»f resean*h, of ii light 
weight electric truck, one of the principal foatur<>s of which 
18 the method of motor control giving the motor compound 
characteristics by a storage cell floating on the field circuit. 

Tlie result of this method of control is specHi maintenance, 
quick starting, power saving in the bold at large currents and 
the feature of regeneration both on down grades and on 
stopping. 

The field and armature of the motor revolve In opposite di- 
rections, each driving one of the car wheels In this way 
motor weight is saved, the differential Is eliminated, and the 
truck is as a result simpler and more compact 



FIGL 12. VIBIW 0®* PBOflPWAaBR RNOTKOOINO WATBE FIG. 18. VIETW OF PROPKLLBIR UNDBiBGOINO WATER 

BPBAT TOST liOOKlNG D0(WN SISAAM RPBAY TEST LOOKING UP STBRAM 





Invention in Aeronautics* 

Is America Going to Attain Commercial Supremacy in the Air? 

By Frederick W. Barker 


A the nobler sensl bill ties of mankind have always found 
y4\ expression In words of upward Import, and human con* 

^ ^ structive unrest has employed those language terms 
which pertain to things and conditions above the earth, it Is 
only natural that inventive endeavor through the ages should 
have been so largely directed toward solving the problem 
of flight by man, to which the final touch that changed proba- 
bility to success was given by the Wright brothers In 1903. 

I recall to you the wondrously poetic and masterly review 
by the Honorable Janiee M. Beck, given before the Aeronaut- 
ical Society of America on the decennial anniversary of the 
Wright’s success, in which the struggles of Inventors through 
the centuru« to conquer tlie air were described In allver- 
tougued oratory. This address will I know always be fresh 
In the minds of our members and needs no traven^lng. 

In our almost immediate times It was Sir Hiram Maxim, 
brother of a past president of the society, Professor Langley 
and Octave Chanute who contrlbutiHl some of the real pioneer 
work which enabled the Wrights to take their power glider 
into the air and to control It laterally against falling. 

The principles of lift and drift for sustentatlon of an aero- 
foil were appreciated and applied before the practical demon- 
stration In 1908 of compensating means for variable pressures 
which gained the victory and discovered to the world median- 
Ical means for maintaining the stability of a flying machine. 

Here then was born the invention of the airplane, Involving 
actual, competent material for a Iwsic patent. Basic in the 
sense that the principle of balance control was first demon- 
strated. The means employed — flexible wing portions to he 
warped in a hellcofdal fashion — were not ideal, but they were 
practlml and they served the purpose. 

The Wright patent has been the subject of too much dis- 
cussion by patent experts, and its sustainment by the Appel- 
late Court has apparently so (.Mwnpletely closed all controversy 
tliat more than men^ comment would be out of place. 

The particular iioint in the Wright patent that has always 
appeared puzzling Is, why the broadest claim in the patent 
was cuudlied In the restricted language employed. The claim 
reads like this: 

‘Tn A flying machine, an airplane having substantially the 
form of a normally flat rectangle elongated transversely to 
the line of flight, In combination with means for imiiarting to 
the lateral margins of said airplane u movement about an 
axis lying in the body of the airplane perpendicular to said 
lateral margins, and ttiereby moving said lateral margin into 
different angular relations to the normal plane of the air- 
plane.” 

The method of expressing the idea of varying the wing 
surfaces for lateral ctmirol cNmld have been better expressed 
as follows: 

‘Tn an airplane, a supporting aerofoil, and movable por- 
tions arranged at opposite sides thereof to respectively In- 
crease and dlm]inl9h pressure resistance, for lateral balance.*’ 

^rben the claim would have been in better shape for Judi- 
cial endorsement, which the splendor of the Wright brothers’ 
achievement warranted, without requiring to lean upon sym- 
pathetic consideration of the court, which to my mind was the 
determining factor in its favor. 

As matters stand however the Wright patent is the foun- 
dation patent in the art of aviation with respect to movable 
wing portioos of ailerons, and there is nothing to prevent the 
present owners of the Wright patent from enjoining other 
unlicensed users of this balancing feature. 

The Wright patent does not cover any means of comp^- 
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satiiig for variable side pressures, and there are not wanting 
other inventors who have sought and are se^ng to devise 
different means for enabling an airplane to fly with lateral 
balance. The art Is necoseaxily enriched by such attempts 
of a more or less practical character. 

Since the heavler-thon-alr machine, as thus far evolved, 
comprises a supporting aerofoil, longitudinal and lateral con- 
trol ailerons, and a directional rudder, development will l>e 
mainly through refinement of these elements, and in the crea- 
tion and refinement of the thousand and cme accessorial de- 
vices w'hlch naturally result f^m intensive work and study. 

Other types of flying machines, such as the helicopter and 
omlthopter still in the womb of Invention’s laboratory, can- 
not receive the assistance of engineering ability until they at 
least assume the condition of fledgelings, to offer some basis 
for scientlflc development. But the airplane has today a 
recognized structure composed of codrdlnated elements which 
interact to supply all the necessary functions for controlled 
flight. 

A new art is thus horn into the world, having vast poten- 
tialities for expansion, now occupying the minds of inventors 
In all civilized lands, whose interests will grow with each un- 
folding feature until aviation becomes actually an exact science 
that shall place its protective mantle over the greatest In- 
dustry that has ever been known. 

America, following her brilliant initiative in blazing the 
way for flight by man, fell behind other nations In progres- 
sive work, while England, France and Italy produced advanced 
examples of flying machines — though these have been mainly 
of military types. But the native inventive genius of Ameri- 
cans Is again coming to the fore, and It is certain that the 
next few years will show the most radical improvements to be 
of American origin. 

This therefore seems to Ins an opportune time to offer a 
suggestion or two to aeronautical engineers and others as to 
the part patentable Invention is bound to have In bringing 
al)out a perfected state of aviation 

From time Immemorial we have had vessels that could float 
on water because the density of that medhim permits buoy- 
ancy, and the air also waa found to give buoyant support 
since Uie days of the hot air balloon; but the real conquest 
of the air came only when a controlled airplane wa« caused 
through speed of Its movement to pack the air before It suffl- 
dently to convert the tenuous atmosphere Into a weight sus- 
taining medium. Even as the child first learns to walk totter- 
ingly upright, end gradually with the aid of his intelligence, 
under practice and with increasing strength, walks firmly 
and then can run, all with perfect assurance and grace, so will 
man Improve his new winged vehicle to the extent that U 
will eventually satisfy all his needs of aerial navigation. 

Of course It is the internal combustion motor which ren- 
dered possible the flying machine, and we have to tlhank the 
automobile industry and the engineering profession for the 
numerous xeflning influences they brought to the motor and 
thus gave the airplane its opportunity to come into being. 
But it must not be overlooked that the auton»obHe motor has 
also proven the mo»t serious handicap that aviation has had, 
simply for the reason that we have sought to apply to a new, 
more arduous duty an Instrumrat that had been perfected 
along lines suited cmly to an older and less difficult task. 

Invention has stiill Its 'most important field in the produc- 
tion of a thoroughly rouble aviatkm power plant, end this 
will come through designe providing sturdy oonstruction 
wherein the weight is kept within bounds, with more effi- 
cient tenq»6ratore control, oonttnoous and thorough hibrlca* 
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tion, ignition system that can be absolutely depended 
upoUt and propelling means that will develop a maximum of 
thrust. Patents whidi Improve these and allied features to 
help' the po^r plant in the delivery of ccmtinuous high power 
output over an extended peiriod will do more than anything 
else to advance the cause of commercial aviation. This pro- 
gress will be gradual and tested out at every step. But in- 
ventors and aeronautical engineers must get completely away 
from the intermltt^t and low duty form of motor which is 
good enough for the automobile, and strive to meet the sterner 
conditions of a flight sustaining power plant. 

The scope for inventive ingenuity in this field alone is so 
vast and the reward* for success In every detail so sure and 
generous that its attraction is irresistible and will be respon- 
sible in the next few years for Innovations which will easily 
differentiate the aviation motor from the automobile motor 

Invention also will show the way to take off an airplane 
without a starting run over the surface, and to alight and 
etop wherever desired. Tiie natural forces to serve these ends 
are available, and even now are in process of harnessing. 

Here and there will stand out oome bold concept whose 
deviser may achieve more fame and receive greater emolu- 
ment than others, but ancillary deviees, marking various 
stages of development, will result as the contribution of many 
inventors who attack the problem involved from different 
points of view. 

There was published recently in the Journal of the 
Patent Office Society a report by J. H Colwell, one of the 
principal examiners in the Patent Office, of the more impor- 
tant subjects treated of by Inventors, and this report, In so 
far as it relates to aeronautics, is so succinct and compre- 
hensive that 1 am introducing Mr. OolwelFs account in this 
paper. It reads thus, 

**The importance end the application of henvler-than-air 
craft to military purposes is obvious and selt-evldent. 

“The attention of the country immediately centered on this 
new form of vehicle, and it was natural that the minds of 
experts and inventors were directed to improvemeuts In and 
devising new forms of aeroplanes, as well as to numerous 
related auxiliary devices, with the result that the Patent 
Office was flooded with applications bearing on aeronautical 
devices. 

“There is believed to be no exaggeration in asserting that 
the advance in the development of heavlcr-than-alr craft made 
during the past five years would have taken from fifteen to 
twenty years under normal circumstances; ‘Necessity is the 
mother of Invention.’ 

“In BO far as the development of a practical machine is re- 
flected in the Patent Office, no new principle or mode of air- 
sustained flight appears to have been evolved. The aeroplane 
of the present day is based on the same prinoii^e and involves 
the general structure as first employed by the Wright brothers 
in their successful air flight In the first decade of this cen- 
tury. Notwithstanding this, however, there is a wide gap 
betm^een the air craft of today and that of 1014 as regards 
the general efficiency, Inherent stability, carrying capacity, 
motive power, controls and radius of action, as well as In 
various accessories, Including instructional and training de- 
vices. 

“The Imi^vements show a general tendenej^ to widen the 
range of use by anticipating larger load carrying capacity, 
necessitating increased ^glne power, and Improved motor 
construction. Different types of modem planes are now 
equipped with wglnes ranging up to over 1,200 hp., including 
multiple engine units with reserve power. 

“There is no reason to suppose that the limit has been 
readied, but, on the omtraiy, the air navigation Is still in 
its infancy. 

“Increased power calls for increased strength In frame 
oonstnictloii without too great a sacrifice of lightness* as 
weight to a vital factor. This broug^ to the fore forms of 
bracing, struts and trussed wing beams. To overcome ex* 


cessive wind resistance of exposed parts, which cause a use- 
less waste of power and speed, attention was turned to 
fairing and stream-lining all sudi parls, as struts, spars, en- 
gine housings, fuel tanks and radiator casings, as well as 
landing carriage frames. As at high speeds comparatively 
small areas exert by their wind resistance a greater relative 
detrimental influence, stn*am-lining the guy and brace wires 
has oven been resorted to. 

“To secure Increased strength with the necessary llglitness, 
resort is had to h<dlow metal tuiUng, but more generally to 
various forms of lamina tetl wood framing, as embodied in 
struts, wing beams and ribs, ns well as the fuselage and 
pilot’s car Itself With methods demist'd and imnins of uniting 
and arranging the grain of wood laminate, it is possible to 
construct a wing rib lighter than one of steel of the same 
strength. Various materials, as aluminum and other metals, 
and oomprefcfewl and treated llhrous structures are conwtantly 
being devised, as substitutes for linen in the supporting wings, 
and also, variotm substaTK-us and compositions commonly 
termed ‘dope,’ for treating the wing surfaces. 

The hulls and pontoons of hydro-aeroplanes and flying boats 
are constantly IXMng increased In size and strengthened to make 
them more seaworthy in withstanding rough water, and the 
shock of alighting thereon This has led to the creation of 
what might be considered a distinct branch in marine ship 
building, to some extent following the lines of the earlier 
hydroplane or siieed boat. Increased strength necessitates the 
Introduction of longitudinal and tansverse hull framing, pro- 
viding bulkheads for ballast and other compartments, analo- 
gous to that in ship building witli laHatlons to ri^sdst special 
strains resulting from the peculiar demands. 

“A system of aomplane construction which is being dcvelopeil 
and particularly adapted to large craft, appears on its face, 
not only Interesting, but plausible and practical, provided the 
location of the wettght is not detrimental. Broadly stated, the 
system comprises a hollow plane merged into the fosilage so 
that the large trussed wing spars, the engine housings and 
fuel tanks, us well as the pilot, are enclosed within the lifting 
surface Itself. The center of the plane between the upper and 
lower walls is deep, w^hlle the wings taper to small depths 
towards the tips. The entire machine, including the pilot’s 
car, Is practically a part of the lighting surface, thereby neces- 
sitating comparatively few external wind resisting parts. 

“Among other device's which are being continuaily received 
are detaching means for readily releasing bombs, mall bags 
and other articles, steering devices and automatic controls, 
wind pressure vanes for automatically regulating the speed, 
maintaining a constant angle of incidence and preventing the 
machine from being pointed dangerously upward, to exceed the 
critical angle and thus cause stalling, with a resulting fatal 
tall spin 

“Knock-down aeroplanes for ready transportation and as- 
sembling, telephone and telegraph ac-cessories, and wind fans 
or mills for driving electric generatora, and air and fuel 
pumps have received considerable attention. 

“The merits of a heavler-than-alr craft capable of havering 
in the air, or stopping in flight, and also of deiscending and 
rising vertically have been fully appreciated, both for mili- 
tary and other purposes. The advantages of such a macAilne 
are obvious; among them is the necessity of only a limited 
or small area of ground space for landing and launching. 
Numbem of machines designed to possess these qualifications 
have appeared, the most common typo being the helicopter 
or horizontally rotating screw propeller for exerting thrust. 
Some of these have no lifting plane, relying solely <m the heli- 
copter thrust, while others propose to use the helicopter in 
conjunction with the ordinary aeroplane, and so to arrange the 
power transmtoslon that the tractor or pusher propellers can 
be cut out and power applied to the helicopter, or both op- 
erated simultaneously. 

“Although it appears that, aa yet, no practical and success- 
ful madbine of the above type has been evolved, it Is by no 
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means Imf^nofoable that this problem will be solved In the 
near future^ In view of what has been accomplished and the 
great strides in development along these lines by keen minded 
men of meohanlcal experience. 

**In view of the constantly increasing altitude being reached 
in air navigation, numerous systems are being developed for 
obviating the ill efFects of the highly rarifled atmosphere, 
both on the pilot and in the functioning of the motor. These 
comprise various arrangements for compressing air» including 
wind fans^ or motors otherwise operated. Some utilize the ex- 
haust of the main engines for driving a turbo-oontpressor. 
By this means, a constant supply of air at uniform pressure 
is received, which Is automatically ri'gulated in accordance 
with elevation." 

It will have been noted from the foregoing report that the 
sphere of invention lias already widened out to an extent 
that admits the thoughtful endeavor of cneperts in many ave- 
nues of research, und proves that the inventive world is sur- 
raundlng aeronautics with an association of arts, which, while 
each borrowing from one or more older arts, is Itself of 
special character, und all of these new arts are interrelated 
through the science of aerodynamics, to whose dominant in- 
fluence all aeronautical arts must be subservient 

The growth of the automotive industry In the past score of 
years to Its present colossal proportions has undoubtedly 
roblbed thoughtful persons of doubt concerning the possibili- 
ties before the flying machine, though still there are timid 
ones who prefer that others, and not they, should Invest 
money In aviation enterprise, or that others, and not they, 
should venture to fly. Were all men so i^ortsighted there 
would be no progress, but that America docs not lack boldness 
of spirit, alike in its captains of finance and in the masses 
of its people, to guarantee the adoption of aerial transporta- 
tlon, and the 6upiK>rt of worthy aeronautical undertakings. 
Is beyond question. 

Though today, to the man in the street, there seems to be a 
lag In visible production of aircraft in America, that is only 
the surface view. The surest sign of the times is in the 
Patent Office, where Inventions In the aeronautical arts al- 
ready surpass In number those of many older arts. With In- 
vention rife, the meaning Is that demand exists even though 
that demand is in intangible form us Invention Itself. For 
invention springs from sui>er-mentallty, creating something 
new to satisfy an unprecedented condition. ^ 

Vision and courage only are needed In America to enable her 
to win commercial supremacy In the air — such vision and 
courage iis the warring nations of Europe had in 1914 when 
they improvised, under fire, different types of aircraft for 
different military usages True, expense wa» a minor con- 
sideration then, for the existence of nations was at stake. 
Now, America's honor is involved, for she is behind other 
nations in the production of up-to-date passenger and mer- 
chandlzp-carrying machines. This slumbering giant of poten- 
tial productiveness must be pricked, and perhaps the golden 
guerdon dangled before it, to rouse it into its Instinctive de- 
sire to out-distance all others. 

The American lu\ enter Is doing his part in aeronautics, as 
he has ever done in other arts and sciences, enriching the 
wwld with new thoughts and ideas which need only appli- 
cation to crystallize into further development ; and this Is act- 
ually the epochal period when the Judicious investment of 
money and business endeavor stand to realize the most glo- 
rious harvest that has ever been gleaned in industrial fields. 


CONTROL AND MEASUREMENT OF AX.TITUDB 
RECORDS. 

It is of great importance that the performance of typical 
aeroplanes should be accurately kxMwn. end that methods of 
predMon should be edc^ited for determining the actual path 
of a machine during a test flight For this purpose Lieut 
Robin writing in L'Adrophile of October, 1919, sugfests the 
use of a barograph and a recording thermometer. An ex- 


1 

pUnatloii iB glv«n oT the metbod of redaction of tiio reeorda. 
booed upon the fonmdn of Lnplaoe, nnd «n lUnotratlre cbm Is 
worked oat. 

The tNunograph Is a very alniide aneroid type. The pres- 
sure paoge oonoiats of a Berles of thin cylindrical metal 
boxei^ each of whirii has Its iMse fixed to a wring beneath. 
£iach box Is erinnsted, and Ito deformatfam onder external 
pressure Is limited by the wring, so that the deifiectloas 
are proportional to the atmoephexlc pressure. A ayeten, of 
amplifying levers and a clockwork reoordhig drum conqfiete 
the outfit 

Ihe themwmeteir U of the Fournier type. It of a 

cylindrical reservoir containing a small quantity of light, 
volatile liquor at Its upper closed end. The remainder of the 
reservoir, together with a conmiimlcation tube, and a fiexible, 
croscent-8ihai>ed tube with one end fixed, ere filled with a 
denser liquid. An amplifying device (and needle moving 
o\er a rotating drum) enables the movements of the free 
end of the flexible tube to be recorded. The movements 
registered are due to the expansion and contraction of the 
HOtumted vapor at the liquid at the top of the reservoir 
which acts as the thermometer bulb. — Abstracted by Th« 
Technical Review. 

STEiREOPUOTOORAPHY FBOM AN ABROPI. 1 ANB. 

Obsekveo from a sufficient altitude, the ground appears 
like a two-dimensional map, and nearly all plastic effects 
are lost. Stereopliotographs, however, give us good ideas 
of levri distribution, and, with the help of the stereo-com- 
inrator accurate measurement of height can in certain cases 
be obtained. These photographs are thus of the greatest 
utility for surveying purposes. 

Several methods for obtaining sterewhotographs are given 
by W. Klemperer, in ZetUchrift fUr Flugteehnik und Motor- 
luftachtfftthrt, October 16, 1919. The easiest way Is to use 
two aorwluhcs flying at the same height on the same course 
or on o parallel course. By photographing one aeroplane 
from the other on a special camera, the distance between 
the aeroplanes can be determined. 

Besides this “distance” camera, both aeroplanes are equipped 
with a stereocamera proper, whose optic oxia is suitably In- 
clined. The inclination will depend on the focal length of the 
camera, the altitude of flight and the distance between the 
planes. This inclination wiU also settle the degree of plas- 
ticity obtained. 

In the case of the aeroplanes steering a parallel course, 
the camera axis Is IncUned across the direction of flight so 
that a stretch of country lying midway between the two aero- 
planes is photographed from two points of view. In case of 
the same coarse being steered, the leading mordilne has Its 
camera inclined to the rear and the following machine to the 
front, so that the same stretch of country (s again photo- 
graphed from both machines. If only one aeroplane Is availa- 
ble, two flights are required — ^Abstracted by The Technical 
Review. 


BOY MECHANICS FOR THE BRITISH AIR FORCE. 

Thb Air Ministry has recently Instituted a new scheme to 
secure the entry of well-educated boys for training as skilled 
craftsmen. 

Under this sdieme, boys will bd entered betwemi the ages 
of 16 and 16 years for a period of ten years' color service In 
the Reserve; During the first three years they will undergo 
a coarse of educatlmial and workriiw training, graduating 
them to the rank of Leading Aircraftsmen In <me or other 
of the skilled trades. 

Those who show most promise during their training will 
be chosen for an additional six months’ coarse of higher In- 
struction, being promoted at once to the rank of Corporal. 
From ammig theM, some may be sriected for the grant of a 
eommlsskm, and wlU proceed to the Cadet College for train- 
ing as flying officers.— Abstracted from Aerial Ape IFesklp. 




FIO. 1. WHEfiL WITHOUT TWIST Oil WEATHER ANOLB WHICH WILL TURN IN THE BLAST OF AN BLBCTHIC FAN 


Paradoxical Windwheels and Soaring Birds 

Rotary Thrust Produced Without Weather Angle 

By Thomas O. Perry 


T hose who are familiar with wmdwtiecls know, or 
think they know, that tlie weather angle of tho wings, or 
their Inclination with tlie plane of motion, is a necessary 
feature for propulsion by the wind, and that the wheel must 
turn only in one direction according to the angle of weatlier. 

In EMg 2 are shown photographlic prints of five small 
windwheels which, when held facing the breeze from an 
electric fan, were wind driven clockwise or anti-clockwise 
without any alteration either In construction, position or other 
coothtlons. Three of these wheels apparently turned one way 
as rapidly as In the reverse direction, the slight difference 
evidently being due to some rotation of the blast from the 
fan in the direction of fan 
revolution. This difference 
was ellmineited when the 
blast was directed through 
a tunnel with thin longitu- 
dinal iiartitlons. Our 11- 
lustrationB omit the tunnel 
w(hl<^ woe t^BOd, hut is 
not necessary except for 
refinement in exact tests. 

Those who cure sikeptlc- 
ally inclined are advised 
to first try forms No. 1 
and No. 2, as these two 
forms are very easily made 
end as easily managed. 

We have ehown No. 1 with 
a wooden hub Joining 
poelte wings separately at- 
tached, but the wings can 
as well be made of one 
piece of thin metal of tml- 
lorm eeetico from end to 
end wittkotit twist or 
weather angle thranghoat 
Ms length. Any Idad of 
lNt> wUl do, and the ex- 
act curratare «t the wings 
la not Impootant We 


made the camber about 1 In 14, width of wing 1% Inches and 
iiength lOMi inches. The electric fan used was 12 Inches In 
diameter, had a speed of 1,800 r.p.fin. and was placed from 
15 to 20 inches aiway from the windwheeL 'Hie average speed 
of the windwheel In either direction was about 1,890 r.p.m. 
This wheel had to be started by giving It an Initiatory whirl 
wUh the fingers, though It would turn slowly of Its own ac- 
cord in a direction contrary to the Jan'e motion, In which 
respect this perticalar wheel was peculiar. 

Wlieel No. 2 was made of white pine and received the blast 
squarely against Its flat face. The back was rounded from 
3/16 inches thick along its center line to thin edges about 1/82 

inch thick along the sides. 
To molce this wheel it la 
only necessary to take a 
straight piece of wood 10V& 
Inches long, 1% Inches 
wide, 3/16 Inch thick and 
round over one side from 
end to end. Any kind of 
hub will do, or no hob. 
This wheel is started vopf , 
easily with the fingers gaA 
runs In either direction /tt ' 
about 1,650 r4;>.m. On ac- 
count of Its llj^ttnesB, the 
acceleratloa after starting 
Is very rapid. 

Wheels No. 1 and No. 2 
responded so vigorously to 
the impulse of the wind 
after being started In 
either direotlon, that we 
were tempted to try an- 
other wheel made precise- 
ly like No. 1, except that 
the two wings were given 
a small weather angle of 
about 8 degrees after the 
manner ordinary wlnd- 
wheela 'nils wheel, No. 
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FIG. a APFAJlArPUa fob WBIGBINO TUB FTtiaBBUBID OF TUIB WIND IN AXIAL DIHEXmON 


8, wotiM readily start itself end run in one direction Just as 
ajiy one would expect., makln'g about 1,660 rp.ni. But, if 
given a vigorous push to start it in the opposite direction, it 
would run and maintain about 960 r.p.m. affaitut natvrtU incli- 
nation. 

The fact that wheel No. 8 with considerable weather angle 
could be made to run backward against inclination, as w^l as 
the faot that wheels No. 1 and No. 2 ran equally well in either 
direction they were started, was at flret supposed to be due 
entirely to the fact that these three wheels had at least one 
side made with transverse curvature. It was with the expects* 
tion of confirming this supposition that wheel No. 4 was made 
wilth both face planes parallel to each other. No. 4 was 
nothing more than a plain strip of herd and smooth sheet 
brass about 1/16 of on inch thick, 1^ Inches wide and lOV^ 
inches long fitted with a small hub at the center. Contrary to 
exi>ectatlon, this wheel, too, maintained a speed of 1,030 r.p.m. 
after receiving a good start in either direction. It had to be 
started at much higher speed than any of the others by wind- 
ing a string around the hub. It also had to be nlrely balanced. 
Slightly rounding the sharp comers of the edges* Improved Its 
performance. 

Wheel No. 5 vras the same as No. 8 except that the weather 
angle was increased to 8*, making It correspond more closely 
to the angle of ordinary wlndwheels. This wheel would not 
run tsickwards, end behaved according to 'expectation except 
In one particular. It noade e'bont 1,860 r.p.m. In a left-hand 
direction. W'tieel No. 0 was the same as No. 0 In all re- 
versed. It ran at about the same speed vrhen used with the 
tunnel, always running In a Tltd>t*heDd direction. These two 
wheels would make about 680 r.p.m. with their convex snr- 
faces presented to the breeze. None of the vrheela which ran 
Indifferently hi etther direction would really run, with Its 
convex back presented to the wind. No. 4 was the cmly one 
that ran with any speed with either side exposed to the wind. 
This too was the only wheel with both sides plain and ex- 
sgOy alika. 

The one partlcnlar in whidh wheels No. S and No. 0 ap- 
peared paradoxical in performance was In the (act that when 


running freely without any applied load, It was found that 
the wind pressure against their wings was more than three 
times as great as when they were clamped to their axles so 
us to remain stationary. Fig. 3 Shows an apxMiratos designed 
to weigh the pressure of the wind In an axial direction by 
means of weights placed in the pan hung from the horizontal 
arm of the balanced T lever. The pressure against the wings 
increased with increase of H*oed of revolution until at the 
maximum the pressure wae greater than that on a solid disk 
of the same diameter as the wheel. 

In measuring the power of the wlndwheels with a dynamo- 
meter we have Invariably found that qieed of revolution was 
reduced with every Increase of load applied with a brake, and 
that the torsional effort of the wheel as shown by the dyna- 
mometer was progressively reduced as the speed of revolution 
Increased. This, too, accords well with common sense. Never- 
theless, the faiots are as stated In the preceding paragraidi. 
Also wheels Nee. 1, 2 and 8 received nearly as great wind 
pressure at full speed as Nos. 6 and 6, and fully as great, 
or greater, than the pressure against a solid disk of the same 
diameter. 

These experiments serve to throw some light on certain 
puzzling facts which force themselves on the attention of 
those who observe closely the flight of soaring birds os they 
rapidly float along cm rigid wings without any apparent means 
of propulsion. Certain authorities have asserted that pro- 
pulsion In soaring flight must be due to a negative IncUoatlon 
of the wlnga snstaJned by rising cnrientB of air. We believe 
that both of these professed observettons are products of Che 
Imagination rather than of actual vision, though an equivalent 
must be substituted for the supposed rising currents. 

If rising currents of air do really account for the possibili- 
ty of soaring flight, it Is not necessary to assuais that the 
wings muBt havs negativs anid«a: •ince these experiments 
riiow that wings of wlndwheris (Nos. 1 and 2), without any 
wsathMT angdo art ptopsllsd by wind whoso dlrectloa la at 
right angles to wing mothm after suffidait headway has first 
beoi attatnod. In the same way birds must souMhow get 
wril started before they can soar. Ur. Obanuta idacss the 
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minlniQiici voarlng Olglit of birdi &t About seveuteea miles per 

hour. 

EifM bAS shown that aa airplane wing driven Against the 
air, or exposed to wind Impinging In a direction parall^ with 
the chord of a wing having Its concave surface underneath 
(that i 0 » without weather angle), experiences a very decided 
upward thrust and that a negative angle of three degrees 
does not entirely neutralise the lift. Our experiments show 
that a windwbeel whose wings have a weather angle of 
three degrees will run backwards after being sufficiently 
started in the reverse direction. From tills It follows that 
a bird's wings receive upward thrust In the same way by 
reafKm of their forward motion. We also know that vibrations 
in the air, or air waves, which crowd against the wing in- 
cessantly from every direction, all act nmre strongly against 
the under concave surface than against the upper surface 
which is convex. 

The difference of thrust due to air vibrations against the 
two surfaces of opposite curvature is not very great unless 
the wing Is traveling at considerable specMl. The rapid mo- 


tion multiplies the differences of opposite tbrusts^and pro- 
duces an aggregate upward thrust sufficient to sustain the 
bird without supposing the necessity of rising currents of air. 
Prof. Langley has partially explained the effect of air waves 
on the wings of soaring birds In his treatise dealing with The 
Internal Work of the Wind, though he accounts for the 
action of horizontal imcmlses only, end It Is not necessary to 
suppose that the bird Instinctively adjusts Its wings fore 
and aft, in the light of Elffers experiments It is clear that 
horizontal Impulses give a resultant lift whhethor impinging 
from the front or from the rear against horizontal crescent 
shaped wings. 

Rising air currents tnori* generally prevail over heaited 
land surfaces Rut what got*8 up must come down, and the 
cold southern seas must experience an excess of descending 
air currents. Yet there Is the home of the most noted of 
soaring birds, the Albatross, a bird that habitually soars, and 
evidently does not have to hunt out exceptional streaks of 
rising currents or follow devious courses for the sake of their 
assistance. 


How Insects Steer Themselves While Flying* 

^Weight Steering” and ^'Pressure Steering” 

By Dr. F. Stellwaag, Privat Dozent at the University of Erlangen 


T he posltioiiH of a hovering body In space Is dei>endent 
upon the situation of the cvnter of gravity on the one 
hand and up<ju to mirface on the other When any 
flying animal, therefore, wishes to alter its dlrt'tdion while 
flying it must alter eltlier the location of the center of gravity 
or else the surface of Its body. It both cases we arc con- 
cerned with steering arrangementss, but the manner of func- 
tioning IS different In the main "Weight steering/' If I may 
so express myself, opera<tc*s by means of a change of equilib- 
rium due to a shift of Che center of gravity. Thus It Is to be 
suppuaed that thb Imdy of an inmHrt Is more heavily loaded 
on one side or tlie other when the aibdoraen Is curved towards 
t!he right or towards the left. Consequently the body must 
swerve In a direction which corresponds to the resultant be- 
tween the direction of Che force of gravity aud the original 
forward moving direction of the wings. This sort of steering 
is In use In many airships by means of a sliding weight. In 
such coses it Is, of course, the weight alone which plays a deci- 
sive part. 

Ju«t as it Is possible to think of the weight of a body as 
being unitted at one definite point, i. e. the center of gravity, 
in tihe same way in the case of a body which ia moving for- 
ward and which is therefore swbject to tlie resistance of the 
air, we can think of a single point, i, e. the center of pressure, 
as representing the force of the air pressure against the sur- 
faces involved. The position of the center of pressure changes 
aa soon as the surfaces of attack of tlhe body of air In motion 
are altered. If this alteration Is one-sided a change of direc- 
tion will be produced. This “pressure steering" never oper- 
ates through weight and may be even regarded theoretically 
as being without weight. The more rapid the motion of the 
moving body the greater the amount of work done by this 
preemire steering, since It operates by the capacity for work 
of the secondarily occasioned air pressure. The steering of 
water craft and air craft comes under this bead of pressure 
steering almost without eaweptlon. It may be termed extra- 
directive Steering in contrast to Intro-dlrectlve or weight steer- 
ing. It is precisely this difference which makes It possible to 
undexatand various phenomena concerned in the manner In 


•Translatsd from the BioloAtfCkes Cenfral&lote (Lelpsig), January 

go, loxe. 


wiilch various anltinals move and to thniw light upon various 
probl^irns which are generally \ei> obscurely treated In text 
books on biology. 

We are chiefly Indebted for such knowledge os we possess 
concerning the steering cuipacity or ineeets to Jousset de Bel- 
lesme.' His expt^rlments with Insects of all kinds led him to 
believe that the direction dtirlng flight Is determined by the 
position of (he head and thorax, t c of those parts of the 
body which penetrate the air, in hJs opinion It depends upon 
the center of gravity and upon the position of the axis of sup- 
port, both of wiMch are movalile. In most cases It la the cwiter 
of gravity alone which is respiuislble for an alteration of po- 
sition In only a few In^iects do the functions of motion and 
direction coincide, those which ii^ossess direct flying nnisdes 
and can therafore move tlie wlngn w^parately, like the AcBChna 
Howwer the long and movable abdomen playe a part In 
modUftcatlons of tilie moviMiient, a«i can be plainly seen in the 
AgrLonids. The same thing may be couslden'd to be true of 
the butterflies whose wing movements resemble those of birds. 

In the Hymenoptera the wings serve merely to produce for- 
ward motion, the abdomen Is very movable and is thus capable 
of altering the center of gravity and therewith the direction 
of inoAement by taking different positions If the insect is 
deprived of this freedom of nKdlon in the abdomen, It appears 
to lie still able to fly but no longer to steer Itself. In the 
Meoachvlf*, PoliBica and oflier Uymenoptera, the legs also take 
part In the shifting of the center of gravity. In the Orthoptera 
the abdomen Is only slightly movable: the hind legs might here 
be concerned as an organ of direction were they not special- 
ized ft>r the function of Jumping. They are poorly adapted 
for steering and aa a matter of fact the Acridia and Locustl- 
dae are bait 111 able to guide themselves. 

In the insects just mentioned l)oth wings on eath side are 
designed for the purpose of forward movement. In the in- 
sects now to be treated of, functional adaptation haa created 
organs suited for deftnke purposes. One pair of wings is used 

iRdlewne, Jousset de. (a) Recherche^ Bxper Bur la fonction d. 
bAlancloni chss to Insectes (Exper Nesearches ConcenAug tha 

FuimUon of Balaooeni In I>|pteroua Injw^cta). Paris, 1878. (b) 

Sur une tone, de direct, d. le toI des iDNectee (ConcenUng a Func- 
tion of ^Direction in the Flight of Insects). Cl. Ac. Fr*, 1879 b. 
vol. Izzilx 
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for forward movemont and the other for the alteration of the 
direction. Since In the beetles the abdomen Is closely tinfitod to 
the motathorax, It possesses but slight freedom of motion. 
However, there is no need for It to be imveible since the wing 
covers or elytra have assumed the function of steering. Dur- 
ing the active flight they are lifted above the thorax and are 
thus placed above the center of gravity in such a manner that 
even very slight variations of Ihelr position serve to influence 
the position of the latter. If the wing covers are removed 
the insect is no longer able to direct Its flight. This shifting of 
the center of gravity has l>een demonstrated with precision by 
Plateau.* Only those insects belonging to a small group, the 
Cetmiidae fly with covertnl wings, an interesting circumstance 
since the wing cover in this case acts upon the axis of sus- 
tentatslon which forms a tranaition to the state of complete 
dilTerentiatlon in the VUtera, 

Among these the capacity for steering is best developed. 
Only one pair of wings is employed for forward motion. But 
slight mobility is possessed by the abdomen and thus the only 
organ for determining direction Is the '‘balancer^* on each 
side When organ is amputated the center of gravity Is 
shifted too far forward axKl this so affects the power of flight 
that the Insect falls to the ground. If now, however, a small 
weight is attached to the abdomen so as to shift the center of 
gravity the proper distance to the rear, the Insect Is capable of 
flying in any direction In spite of the loss of its balancer. 

According to the view of Jousset de Bellesme (Just quoted) 
insects direct their flight, therefore, entirely by weight steer- 
ing. In this ho agrees with Plateau, Bert,* end other authori- 
ties. This opinion Is contiradiicted, however, by the informa- 
tion now available. I have myself proved by anatomical-phys- 
iological and experimental methods that the wing covers of 
beetles by no means exercise the rdle hitherto ascribed to them.* 
They operate by pressure steering, or still better as stabilizing 
planes. In tilie balancers of the Diptera, however, a complex 
nervous apparatus has been detected by means of which flies 
perc^ve variations of equilibrium. That In spite of this 
they might Influence the direction of the insect's flight as a 
weight rudder, was held Indeed twenty-five years ago by 
Weinland.* But this view finds but little supxwrt at present; 
It certainly seems doubtful at least that an organ so light in 
weight is capable of producing an alteration in the direction 
of flight This would be possible only In case the elytra lay 
in the same direction as the obliquely situated line of gravity. 
Various measurements made by me, however, proved clearly 
that the center of gravity In the different kinds Ilea behind 
the roots of the elytra, and that, furthermore, it is shifted still 
further to the rear after the filling of the intestine or the 
increase in size of the gonads. 

Amans* has recently expressed an opinion contrary to that 
of Bellesme. According ot him Insects steer by means of 
pressure. He calls special attention to the wave like form 
of the part of the body whl<di is presented to the current of 
air during the act of fiight As be ix>intB out the profile of this 
part of the body forms a “line of double curvature.” It is 
most marked In form In the Ichneusnonidae In which the 

■Plateau, f. Recheicfaes exper. eur la position du centra de gravity 
ch«s lea Ineectes (Brperlmental Reaeanbes Comcerning the Center of 
Oravity In Insects). Arch. d. sc. yhys. et Nat, New Period, vol. XllU, 
1872 

■Bert, Paul Notes divers sur la locomotion ches plus, expec. 
anlm. (Some Notes Upon Locomotion In Various Species of Ani- 
mals ) Mem. of the Boc. of Fhys. and Nat. Sc. of Bordeaux, Paris, 
1806 

^leUwaag, V. I>cr (Fiugapp d. LameiUcorm (The Flying Appa- 
ratus of the IjameUcornia). Zts f. wlss. Zotfl., vol. CxlU, 1014. 

■Weinlaud, B Ueber die Schrwlnger d DIpteren (Concerning the 
Balancers of the Piptera) Zts. f. wise. ZoOL, vol. 11, 1800. 

■Amans. (a) G4om. deacrlpt. et compar. des aUea rlgMes. (Descrip- 
tive and Comparative Geometry of Bi^ Wings). Fr. Assoc, for the 
Adfvax>cem«nt of the Sdences, Congress of Ajaccio, 1001. (b) Sur 

lea Ugnes k double coorh. dans locomo. anlmale: appUcattons iDdna. 
(Concemlnig Lines of Doable Curvature In Animal Locomotion : Indus. 
Applications.) Reports of the V. Intemat, ZodLog. Congrsss. Naeh- 
trsg. (c) En planant (On Hovsrlng) ; Causerles F svlatiOtt (TsUcs 
on Aviation). 


abdomen' 18 shaped like a kkMe. WiiMn certain limits ihif 
wave form la of great advantage to the insect during tto act 
of flight from e dynamic point of view ; by reaeon Jtft the 
fact that its curvature can be varied by the motloi^ of the 
abdomen it operates as a poeesure raddet. The wnormal 
curvature In the Ichneomonidae 'would be a hindranw except 
that we are here ooucemed with Insects which fly vert rapidly. 
iiV>r this reason, however, the air pressure is very dllght and 
this has <the effect of causing the body to take a horizontal 
posiition during flight In this case, therefore, the abdomen 
pays the same extra-directive rdle that is exerted by the 
outspread and downward pressed tail-fan of many birds. 
Thus Amans, though starting from the some premises as 
Bollesmis comes to directly contrary concluskms, which ap- 
pear to me to ^possess a greater degree of probability. How- 
ever, In my opinion the problem of the steering capacity of 
insects deserves renewed and thorough examination. 

Serious dilfflculties attend such an experimental investiga- 
tion. It is not always possible to remove parts of the body 
of an insect without injuring the organism . . . Furthermore, 
a decrease in the capacity for movement seldom attains the 
desired object, since such a decrease ... is apt to affect the 
steering. For this reason I have made use of entirely different 
methods. 

Anyone who has watohed Insocts closely during their flight 
knows that they display extraordinary skill in steering in 
every direction and often deviate instantly from the original 
path. In case the steering be accomplished by the legs and 
abdomen in a manner similar to that attained by manipula- 
tilon of the bow or stern rudder In the case of air and water 
craft then presumably the greater the skill with which the 
insect changes its direction the more definite the required' al- 
temtion in the steering organ. However, I was never able to 
perceive by direct observation any distinct alliteration of the 
position of taie legs and abdomen for the purpose of steering. 
At first I aacrlbed this to the inherent difficulty of following 
with the eye the swift movem^s of the creature at the de- 
cisive moment; however, I obtained a welcome subject of 
study in the Ltbellae. In cloudy weather or at sunrise and 
sunset the motions of these Imsects are feebler than usual 
and as a result the change of posiition in the legs and ab- 
domen can be readily followed. The Libella (dragon fly) 
readily ateers itself forward, backward, or sidewise without 
moving its long abdomen for an instant, although the latter 
is admirably adapted for a rudder. In a swift flight, partic- 
ularly, for example, when the insect Is rapidly descending, the 
abdomen altera Its position. But even in this case it does not 
alter the direction of flight, but is passively curved, on the 
contrary, after the insect has taken Its new direction. 

These observations, I beMeve, to be entirely trustworthy in 
spite of the contrary views of many authorltieB ; but they are 
not yet entirely conclusive since they ere subjective in char- 
acter and are confined to a few favorable examples. In order 
to attain ol>Jectlve cortalnty likewise, I made use of a simple 
arrangement. When parallel rays fall on a body in a vertical 
direction the body oasts a sharply defined shadow of full size 
upon a auxface which is likewise vertically i>laccd. ... By 
this method I obtained, of course, only silhouettes, but these 
presented images of a character whtich a camera cannot furnish 
since the latter gives a shaiply defined image only at a certain 
definite dUstance and an image, moreover, which is usually 
reduced In size, and since, furthermore, the swiftness of the 
flight prevents a sufficient tllme of exposure. 

After many failures and after overcoming very serious diffi- 
culties I have euoceeded In obtaining during the last few 
years a series of views of different insects by means of light 
falUng through a shuttered silt In no case have I been able 
to observe a cha'nge of position to the abdomen during the 
altezatkm of the dLrection. 

1 obtained the same resnlta experimentally. AcoonUng to 
their histological structore the elytra axe to be regaided 
as sensory organs of equl]in)rlum. Each pesrive movement 
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FI*. 1. Tb« dlffleront planet of vibration of the wingt on each tide of a bee when ateerlnir 'Hie vibration of the wing it Btronger 
on the right Mm of the animal than on the left and caueet a awervlng towarde the right, Pigt. 2-7 Bhonv that the planes of vibration 
of the wlugt (In the form of the figure 8) and tlieir poBltiont vary according aa they have a forward motion (Hge. 2 and 8), a hovering 
flight (FIga. 4 and 5) or a badcwand flight (Flgt. 6 and 7). O = direction of gravity , R = rosultant of the forcee acting xt^oti the wing 
while beating; fir = center of gravity. 



of the balancer In a definite plane of space brings to the esi* 
testor the termination of a definite group of paplilne at its 
base and orients the body not only with respect to direction 
but also udth respect to the rapidity of flight. Bat since^ ns 
Baunack* points out, the function of all organs of equilibrium 
oonslBU “in so Influencing the locomotor organa that a definite 
position of the body results from their regulatory movements*' 
the fly must react when altering its position with such parts 
of the body as play a decisive part In the alteration of Oirec* 
tlon. The more iddlfully and the more frequently the insect 
repeats the steering operation in a free flight, the more clearly 
marked the reaction. I have already remarked that the wing 
coverings are not to be regarded as weight rudders. On the 
other hand, neither are they capable of functioning as a pres- 
sure rudder^ since they are placed behind the exilla of the 
fore wings where the path of the beat of the wings is slight- 
est and since they vdhrate In the same direcUon and with 
the same rhythm as the fore wings. Furthernaore, they are 
covered wdth the Squanuala ihoracaUi as In the TabaMdae, 
Syrphidam and Mu^cidae. There are few parts of the body, 
In factp which are so well shl^Sded from air currents during 
the act of flight as the elytra. AcoordiLiig to the prevailing 
view therefore^ only the legs and abdomen can function as a 
rudder. 

In my experimentB I made use of specimens of the three 
abovomentioned families of Dlptesra which not only belong 
to the best flyers among the Dlpteia but even among those of 
flying animals of all sorts, steering themselves with surprising 
skitl and certaiinty and likewise being extremely adept at 
sadden descents or what may be called .pouncing flights. I 
grasped them by the thorax by means of a pair of nippers. 
Aa soon as the Insect began to beat its vtdngs I placed It In 
different positionB so that It now lay on one side, now upon its 
back, or held a position at a varying angle wth respect to a 
horizontal line. The abdomen constantly remained motionless 
in the longitudinal axis of the Insect. It was noticeable that 
the little creature constantly attempted to clasp the nippers. 
1 prevented this by grasping the abdomen with the implement. 
This made It possible also to observe the positions of the legs. 
These were entirely voluntary and their alterations of posi- 
tions could not be regarded aa compensation movements with 
respect to the altered position of equilibrium. 1 aliso conducted 
similar tests concerning the position of the legs, with wasps, 
bees, bumblebees, sphinx txioths and the Aeschna grandi$ L., 
always with the same resuOts. 

All these observations Justify us In concluding that the 
views of Belesme and Amains are Incorrect Insects employ 
neither the legs nor the abdomen as a rudder. ^ 

Before 1 began my e^ieriments with the nippers 1 made 
a pr^lsnlnary test (of imperfect character) by piercing the 
thorax of the Insects examined with an extremely long fine 
needle. Thereupon It frequently happened, especially In the 
esse of the Dlptera, that the insect turned with Increasing 


’BsonaclBs. Bur Fraga der BUtocyitcafanktlon. (Cosoernlxig the 
Prchlepa of the Fanction of the Statocyat). Btolog. CentralOl., vol. 
xsxli, 1918. 


Q)eed to the right or the left side, so that It soon began to 
revolve around the needle. These movements took place with- 
out altering the position of the extremities or of the abdomen 
and the thought was suggested that it Is the wings which 
accomplish the steeifling action 

The manner in which tiie wings of Insects move baa been 
studied by Marey* by means of very clever experiments. He 
has thus dllsoovered that the movements on each side of the 
body are always entirely synchronous Thus, the number of 
beats of the right wing in a given tlmo always agrees per- 
fectly with that of the left wing. This can be very beautifully 
demonstrated ; on pressing the back of the thorax of an Insect 
that has Just been kllle<1, both wings at once rise slmpulta- 
neously. If one wing l^e moved without otherwise touching 
the tergum the wing on the other side makes Identical or 
similar movements. . . . The fact of this synchronism in- 
duced Bellesme, as he expressly states, to seek for some steer- 
ihg device outside of the flying apparatus. 

Since the expeiiments described above obliged me to believe 
that the insect steers by means of its wings, I continued my 
experlmeiKts along this line. I varied the position of the body 
during the moveanents of the wings, as In the previous case, 
and proved that the insect revolved now In the same direc- 
tion as the hand of a watch and now in the reverse direction, 
according as I rotated the little creaiture about Its longitu- 
dinal axis, which furnishes a proof to begin with that dis- 
turbances of the equilibrluiD of the body are compensated by 
means of wing movements. Rotations of the body took plaice, 
however, when the needle was held stadonary In a vertical 
position. It was evident that the dhsects experimented upon 
endeavored In this manner to escape from their uncomfortable 
position, i. a they tried to steer themselves. 

1 was able to determine the manner in which insects rotate 
about the needle by grasping them with the nippers and gently 
inclining them in different dlirecttons with regards to space, 
Thus the plane In whicdi each wing vibrates was altered. The 
varlatons from each other of the planes of vibration can be 
best observed from the side, as shown In Fig. 1. In order to 
make these variations perceptflWe In a front view, it is only 
necessary to gild the wings as Marey suggests and allow a 
beam of light to fail upon tliem in a definitte dlrectton. In 
this case it often happens that one wing appears dark while 
the other refiects the light to the eye of the obeerver. 

In many cases the insect not only alters the plane of vibra- 
tion but also Uie amplitude of vibration of one wing so that 
the wibg-beats on the two sides of the body differ In eutent. 
These phenomena, however, do not contradict the faxst described 
above of the perfect synchronism of the wings. A person 
seated Ih a row boat Is readily able to vary the manner of 
the oar beatte on the two sides Independently provided only 
tbe rudder Is moved at the same tflme. The exporltnenti 
with JDiplera and with the Sphinm pinosfrl L. proved that It 
to possible for the amplitude of vibration of one wing to be 

(UCarey. Hfim, aur le vol des Inseetes et dcs oUesox (M«inolr Con> 
eeri4iig the Flight of Ineects and Btrdfl). Ann d«s BcKaces net S4r. 
5, Zom , vol. xll, 1869. 
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omsitautly detwa»eil iwitll tin* wing i» MMfclTely Bit rest while 
tin* other wing oontlnuea to vibrate Such alterations In the 
aiiKplUude of vibratioipa have also been observed by Boss* as 
shown In hio movtlng i>lcturt« of flying Insects. He has ex- 
preasc^ the view ihatt they -are of importance with respect to 
the stcM*rlng, the stablllssatlon, and the raiddlty of forward 
movement of the animal But they not only play a definite 
rdle but Ukewlse make possible the alteration of the direction 
of tlie wing-beat, and also facUitatc steering, since the flying 
apparatus of insects is likewise tbeir steering apparatus, as 
I believe I have sufficiently proved. 

However, it is necessary to go somewhat further to explain 
theoretically the phenomena of steering. 

During rest the wttng of an insect usually presents a flat 
Burfhoe. So long howovtu* as a eurfecc is uniformly even 
it Is unable to function aa a flying surface; for when It beats 
downward the particles of air are compressed and at once 
exert, ednee they immediately seek to return to their original 
position, an opposite pressure upon the under side which 
may be designatted as antii;>arallel to the original direction 
of pressure, and this would only be Increased by the Increased 
expenditure of energy on the part of the insect. However, an 
Inoeotis wing not only exerts a lifting power but also at the 
same tlime a fborward impulae, and this occurs, to begin with, 
by loeana of the varying elastidity of the wing surface. The 
ooita, subcoata and radius, In the different varieties, stiffen 
the forward edge, either eeparately or unitedly, so that this 
edge is able to spilt tiie air like the blade of a knife. But 
the surface lying behind it lucreasdngly yi^ds the farther it 
lies from the aforesaid front edge, as can be plainly observed 
In the wing of a beetle, in which the strcngitli of the veins 
which support the membrane plainly docr^ses. The case is 
analogous in Insects In which the hind wings are reduced 
in size and therefore lass powerful than the fore wings, as, 
for exn«tn];)l 0 . In the Hymenoptem and in many Lepldoptera. In 
order to make a (pbysiologtioally uniform and effective wing 
surface the hind wing must be united to the forward wing. 
This is accomplibhed in Hymenoptera by means of a little hook 
and in the Lepldoptera by tiie dinging brush at the axilla 
of bhe wing. The chief value of this arrangement does not 
consist, therefore, in uniting the rear wing to the forward 
wing so that It can share the wing tnoveraent nor In increas- 
ing the beating surface of the wing, but rather in providing 
the fore wing with a soft or flexible rear edge. During the 
act of flight consequently the wing constantly attains a weak- 
formed diagonal. The particles of air struck and oom- 
pressed toy It at once seek to return to their original position 
and are forced to flow off to the rear beneath the soft rear 
edge of the wing. In doing this they exert a forward pressure 
upon the wing by meojna of which the entire body receives a 
more or less powerful forward Impulse. The form of the 
wing surface and Its physical structure, in conne<*tlon with the 
rotation, is tlioreforc an Lndlspensaible prerequisite condition for 
flight. The dwmoned up air formed beneath the downward 
beating wing creates on the underside of tlio wing a pressure 
which constantly acts in a perpendlicnilar direction to the 
various portions of the surface, »lnce the whole surface 
is curved through the lifting of the rear edge, the chief re- 
sulftant of the different imrallelogranas of force does not lie in 
a perpendicular direction to it, but is somewhat inclined to- 
wards the forward edge (Figs 3, 6, 7, J2). The force of 
gravKy drawamg the l>ody dowivwardis works against the up- 
ward Impulse 

So long os the wing of the insect is large enough to boar 
the welglvt of the body and move forward as in the case 
of the Llbellae It is not forced while beating its wings to 
make a special alteration of pi>sitioD. If, however the wing 
fa too small in proportion to the body it fa obliged to execute 
rapid and complicated rtrtary movements (cf. Stellwaag**) In 


order that the rigid forward edge may first penetrate the air 
and ocoaeloin a vigorous downward flow of the paitjbfles of 
air beneath the rear edge. What an amazing Jgjmnmt of 
energy Is expended by the wings when they maiiitBia the 
elasticity of their rear edges by sharp rotation, is shown In 
extreme form by the Diptera. 

If the insect is merely seeking to go forward it must 
create for itself a strong impetus. It then so places its wings 
(as shown In Figa 2 and 3), that the resultant of the forces 
is strongly Inclined towards the direction of gravity (in Figs. 
2 to 7 the direction of the resultant represents an average 
value, tor the wing rotates a Utitle bit as mentioned above 
when It beats (Downward). In the hovering flight which is 
especially preferred by the Syrphklae, the vibration plane of 
the wing is so inclined towards the hoxiaonital (Figs. 4 and 5) 
that the resultan^ coincides with the perpendicular direction. 
Hence the forward impetus ie lacking while the upward force 
and the force of gravity are in equilibrium. In this position 
a vertical flight upiward is possible when the upward impetus 
le augmented by rapid wing beats. If the resultant tends 
towards the perpendicular a inovementt of the t>ody backwards 
ensues (Figs. 6 and 7). 

In all these oases the wings on both sides beat synchro- 
nously — with the eame amplitude and in the same plane of 
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vlbradoa— «n<l the body retains the original dlroctfon. But 
if (me wing Is rotated Ufneard in sudh a manner that It em- 
ploye more of the upward Impulse than of the forward Im- 
pulse, there takes plaice a wareilng or rotation about that side 
of the body wUlch generaitee tbe lesser amount of forward im- 
pulse (iu Fig. 1 thto Is tbe right side of the Insect). How- 
ever It Is also imscdble for the amplitude of the wing beet on 
one aide of the body to decrease even to the ptdnt of entirely 
ceasing. The consequrace of thilB is that the body inclines 
towards this side; It will not fall to the ground since the 
wings of tbe other side Still carry It forward but It wU In- 
stantly deviate from the former direction. Through the fact 
that insects can thus make other movements upon each side, 
they are able to attain a quite surprising degree of faciUty 
in tihe atteraiUon of dlreotton by a skilful condilaatlon of the 
various wing beats. In Figs. 8 and 9, I have represented 
the paths of flight pursued by a ‘honey bee and a fly (BrUUMt 
tenaw) . . , the <i>ath is comfKwed of various ktnds of move- 
mfflits^ now a seotlon of a oircle Is descrlbeid In whldh the 
head goes first in the direction of the movement and now 
Insect xapldly turns aside from the original direction wtHiout 
altering the positliopn of the body with respect to space. It Is 


*B«m, VwbI Untenoch, uober die Flugwerks. d, Ineekt. (rompera- 

tlve StudiM of the Flying Appoirataa of loaecte.) Beotloa 2, Verh. d. 
deotfch. SoOl. GoMlUch. Collection 24, 1914. 


**Steltwsag, F. (s) Ban u. ISedi. d. Flngapp. d. Btena (Btractnr* 
and MeAsotem of the Flying Appsrstue of Bern.) Zto. f. wlae. 
Z0«I., VOl. ZCT, 1910. 
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al«a poflsVble for rotary movemeata around ttie ^nt of the 
ahdozn^ around the heed ^ih! of the body to take plaoa 
1 have i^ibeerved sitmllar vteeiing moventento in numeroua 
other Dlptera, In Hytnenoptera and alao In night moths. The 
bUtterflieB that dy by day are leas skillful. On the other hand 
their eo-ealled **creaeed” |>ath of dlght can undoubtedly be 
traced to the imperfect synchronlam of the two wings. Bspe- 
dal conditlonB mark the flight of beetles. Forward move- 
ment In a stral£^ line appears tx> give them but little diffi- 
culty. On the other hand they find steering to one side made 
difficult by the fact that the wing covers obstruct the current 
of air. For this reason beetles tumble towards the left and 
right as can be readily observed. 

When we compare various insects with respect to their 
steering capacity we are led to conclude that skill In flying 
and skill in steertng are closely connected whereas skill in 
flying and the form of the body do not exhibit such a close 
connection. The greater the capacity for flight the better 
able the insect is to steer. Since however capacity for flight 
depends upon the spedallsaitlon of the motor apparatus and 
eepecially of the axilla of the wings, It is possible to divine the 
degree of capacity for steering from the morphological nature 
of the thorax end especially of the axilla of the wings. This 
fact is of great importance with respect to the anatomical- 
phyvrfiological auAlysis of die flying apparatus of insects. 
Many elemento of the axilla probably play a part in active 
steering, and one or another nniadie may be brought into 
service so that its fimotion may be Judged from this standpoint 

The problem of steering in insects is closely connected with 
the question as to how equilibrium is maiptained during flight. 
Among the great number of flying Insects only a disappearing 
few possess static organs. Thus far they have been found 
only among the Dlptera in the Chermet and Phylloxera. This 
is the more remarkable since it is Just In such excellent flyers 
that the maintenance of equillbriuim must be of the greatest 
importance Bothe" was of opinion, therefore, that in all 
insects which poss*^ no static sensory organs the position of 
equilibrium is nmlntained mechanically. His experiments are 
of Interest here only in so far as they concern flying animals. 

Bethe’s methods consisted in first stupefying or killing the 
animal with chloroform and then allowing It to fall, with the 
wings airanged in oharacteilstlc poaitlone, either freely 
through a space or else within large wide cylinders No mat- 
ter what position the animal was In at the beginning of the 
experiment it a1<ways assumed the alMlomlnal position during 
the fall and retained It till It reached the ground. “That the 
form of the animal exerts great influence in this respect is 
shown by a glance at the relatton between the wings and the 
Trtody But that in the case of moat of the anlnaals examined 
the relaitdon between the air und the substance of the body 
exerts an influence upon the maintenance of the abdominal 
position Is shown by the clrcumstaiiices that with the excep- 
tion of a few they were forced upuxird In water (spedflcally 
heavy) In the some position in which th^y fell to the ground 
when In the air” 

Amaiis expresses a similar opinion, “We are obliged to 
regard the manner In which the body of wasjw Is held as a 
means for acxjomplishlng longitudinal sta-Mllzatlon. The lower 
surface of the liody is strongly convex and we know that with 
such a curvature stabilisation is automatic This can be 
demonstrated expertmentally by allowing a sheet of paper 
bent Into a concave convex form to fall to the ground — ^it 
will always fall upon the convex side.” 

Bethe’s subjects of experiment and Aman’s convex sheet 
of paper coincide with respect to the fact that they have no 
individual naoblllty. They resemble iierfeotly the passive hov- 
ering or floating oTganlsms which assume a definite position 
with regofld to space wUhin the medium which surrounds 
them, and which automatlcaily revert to that position when 
their equliibrlum is disturbed. 

Weber die Brhsltung dee Glelcbgewdchtes, Bidog. Cea- 
tralbl., TOl. xiv, 1804. 


But the views of Buthe and Amans fail to correspond with 
the actual facts. My experiments with Insects which lack 
static sensory organs ( wasp, sphinx, etc ) , have proved that 
such insects as well as the Dlptera promptly react to every 
distuibance of the position of equlLLbrhim by means of com- 
peneatory alterations of the plane of vibration or of the ampli- 
tude of the wing-beat, i. e. that they perceive dlsturtwncos 
of equilibrium and actively return to the position of equilib- 
rium by means of pressure steering This is by no 
means singular since the orientation of anlimalB in space is 
not Invariably aocomplished through static sensory organs, but 
la also assisted by the sense of light Bethe omitted to take 
Into oonsldenatlon in hla experiments that there are very few 
insects which are capable of hovenng. The overwhelming ma- 
jority are obliged to make sudden and sometimes rapid wing- 
b(^ts in order to generate an effective forward impulse and 
upward impulse 


DISINFIOCrriON BY HOT AIR. 

WiiKN hot air is used for disinfecting purposes the result la 
due to two factors Certain sensitive inlcro-organtsms are 
killed by desiccation, especially the plant forms which contain 
about 80 per cent of water. The spores are generally very 
resistant since their cellular body consl«»ts of a highly con- 
centrated albuminoid subetance which contains very little 
water and since they are also protected by membranes of 
celluloslc charaitor. Hot air also kills by the coagulation of 
living protoplasm and this effect Is pro^luced more rapidly 
by moist hiMtt (steam) than by dry hot air Steam also has 
the advantage of penetrating the articles to be disinfected 
more rapidly than does dry air; the latter pimetrates articles 
of large dsdxe very slowly because the air which they coxvtalD 
forms an obstacle • 

Unfortunately, however, steam Is very apt to affect cloth- 
ing and other articles inlurlously, it causes the fading or 
running of etdorn. alters the surface of leather, causes spots 
of rust on metal, make*^ glued articles <*oine to pieces and 
affects tlie shape of certain articles of didhlng, moreover, it 
is more txwlly to use than dry hot air Thea* various <x>n- 
siderations have indinxHl Mr. 11 Ilautmann to attempt to Im- 
prove ihe dry air rncthoil by raising the air to a bactericidal 
temperature and by forcing It to p<»netrate the objects to be 
disinfected by means of violent agitation The eppairatus 
emcployed Is described In UIgime Modema It consists of a 
closed chamber In which hot a»lr is imule to circulate with 
great rapidity by moans of an electric mortor. Since the air 
which circulates is unchanged the quantity of heat requlre<l 
Is very suiuill and the expense' is corrcepondingly low. A metal 
thermometer is attachtxi to an electric (ontact apparatus in 
such a manner that when the tc^rnperature has reached a cer- 
tain degree the fuel combustion diminishes automatically, 
while it is incnxised, on the other hand, whenever tlie tem- 
perature falls below a certain limit In this w’ay great uni- 
formity of temperature Is obtained in the interior of the disin- 
fecting chamftx^r Actual tests In different parts of this 
chamber at the end of half an hour, showtxl only three degrees 
of dlfTerence (15,5" C and 158" C ). The author experimented 
with the ne’e found on ewlne; these were enclosed in woolen 
bags and i>laced in the apparatus They were found to be dead 
in from fifteen to sixty seconds — In the same way the spores 
of anthrax and the typhoid l^acillus were completely destroyed. 

Animal parasites of various kinds are readily destroyed by 
a few minutefl’ exposure Among the bacteria tlie plant forms 
were quickly killed as soon as the temperature reachwl 100® C. 
(212® F ) and since most pathogenic gt*nn8 have no spores 
this temperatuH' (that of tsdllng water) is sufficient to disin- 
fect articles oontiunlnated with the germs of typhoid fever, 
cholera, small pox, influeusa, dyphtheria. tuberculosis, glan- 
ders, chicken cholera, etc. The ain>aratU8 can also be em- 
ployed for destroying spores by raising the ttwnperature of 
the air to the required degree 



Do Animals Ever Use Artificially Improved Tools? • 

Some Examples of Resourcefulness and Ingenuity 


A WELL-KNOWN German writer on natural history, Wllielin 
Boelsche, recently propounded to the readers of JTomoa the 
interesting query as to whether there exist authentic 
cases of the use of artiflcial tools, i. e. of special 
implements to serve special ends, on the part of the lower 
animals. Mr. Boelsche Inclines to the belief that instances 
of such nature do ocair, but oonsidera the question still an 
open one and invites his readoro to express their views upon 
the matter either In the negative or the affirmative, as the 
oase may be. Meanwhile he cites certain instances which may 
be considered as bearing on the question, quoting freely from 
such established autthorltles as Dofleln and Bugnlon. He calls 
attention to the fact also that some sdentitflc men hold that 
the eoliths, or sliaped stones of the Tertiary Age, which are 
generally believed to be the ftnat tools devised by the dawning 
Intelligence of man, may really have been (made by some su- 
perior member of the Primate Family. In either case the 
question Is fundamental both with respect to natural history 
and to the first gllmmeiings of that evolution of the powers 
of the human brain to which we give the name of ^'culture *' 
One of the first examples given by the author Is quoted from 
Prof. Frans Doflein of the University of Breslau and con- 
cerns the ant known as the Oecophylla tmaragdina, of which 
this authority has made a close study. These Insects do not 
build thcAr nests In the ground, but high in the oi>en air, 
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1 and 2 show olmpaeBt shaped imple- 
ments made by Tosmaniana ; 3 and 4 so- 
caUed eolttthB of the Middle Tertiary 
Epoch suppOBodly the first artiflcially-lm- 
proTcd tools made by man (Uken from 
Klaatech and Verworn) 
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forming tlmin by spinning together the living leaves of bushes 
and trees (Fig, 2). When I>of1cin tore apart two of the 
leaves farming such a nest he observed that a line of ants 
ranged themselves along the edge of one leaf, holding fast to it 
with all six feet ,and stretching out their heads until their 
mandibles were able to lay hold of the edge of the opposite 
leaf. '*Then,’' Bays Do'flein, “they slowly and cautiously d*ew 
backward, walking carefully backward, one foot behind the 
other, so that the two U'af-edges which had been split apart 
gradually approached each otlier" (Fig. 8). Other observers, 
remarks Boeisdtie, not only confirm this, but have even seen 
ants form a chain quite like a line of gallant firemen, until the 
foremost was able to seize the edge of the further leaf, In 
oases where the split was unduly wide. But when the two 
leaTSi have been drawn together the domicile la still impeiTfect. 
Tlirgsdges must be attached to each other, and the workers are 


unable to accomplish this, since they theanselvee possess no 
spinning glandsi Bnt what does It matter? These barren 
but rosourceful females run to the nursery, tenderly pick up 
their better equlx^ped infant chavges, and rush again to the 
breach In (he walH and let the babies bind it together once 
more wKh the tiny but tenacious threads they spin (Fig. C). 
Doflein thus describes this cuiious operatloa: **They were by 
no means merely seizing the larvae In order to carry them to 
a place of safety, but came sbmlgbt to the very pohit of 
danger, namely the breach in the waHs of the nest. Arrived 
here they clambered about behind the row of ants which held 
the edges of the leaves together and moved their heads in a 
curious manner. They held the larvae firmly between their 
mandibles^ seeming to exert a considerable pressure upon 
the middle of the body. This pressure may be of considerable 
significance, since possibly it exerts a stimulus uinm the spin- 
ning glands. The scene presented a remarkable aspect as 
the workers dambered with their burdens along the line of 
those who were holding the fort, so to speak. While the latter 
took their position upon the outside of the nest the former 
carried on their labors upon the inside and were therefore 
more difficult to observe. However, after a little while I was 
able to see quite clearly that the workers held the larvae 
with the pointed head end of the latter directed upwatd and 
to the front and moved them continuously backward and for- 
ward from one side of the rent in the nest to the other. 
While doing this they first paused for a little while on the 
near side of the breach, as If attaching the thread ^un by 
the kurva to the edge of the leaf by pressing the larva's head 
against the leaf-edge; they then thrust the head across the 
split to th^ edge of the opposite leaf and repeated the same 
process there. As this continued one could see the cleft grad- 
ually filled in by a fine silky web spun by the larvae. The 
fact could not be doubted that the ants were using their 
young at once as spindles and as weaver's shuttles. Boelsch 
quotes Karl Escherich, the author of Die Ameise (Ants), to 
the effect that the feat described above is 'probably the only 
case 'In the animal kingdom in whi<h an animal makes use 
of a tool.” The former writer, however, thinks this example, 
interesting as It is, does not answer his actual question, 
which concerns the use of improved tools, i. e. an Implement 
in some sort modified by the user to serve his purposes, and 
thus differing, as does the eolith, from some natural object, 
such as a stick or stime, which men doubtless employed for 
dhe purpose or another, such as the beating of skins or the 
crushing of grain, before they conceived the idea of shaping 
one stone by means of striking or grinding it with another. 
The same objection holds good to various other acts of animals 
which might be cited in this connection, such as the ejection 
from his funnel-shaped burrow by the ant-lion of grains of 
sand which may strike some unhappy insect victim and thus 
facilitate his descent Into the Averous of the trap laid for 
him. Somewhat similar to this Instance is that of the drops 
of water which are squirted by a certain Siamese fish at in- 
sects upon the bank of the stream. Again, apes can often be 
seen In the zoo cracking nuts with a 8t<me as our earliest 
forefathers doubtless did, and as lomall boys do today. It has 
even been noted that the same monkey, or even a whole tribe, 
will employ the same stone--H>f a specially fit kind — time alter 
time, until the stone is worn smooth from use, but of course 
this cannot be considered the conscious bettering of a useful 
implement, and never has a monkey been seen, according to 
Boelsch, to make use of a second stone to impiwe the shape 
of the first However, he mentions in Ibis connection a story 
toftd by Heck of a captive chimpanzee in TenerlSe who was ac- 
customed to knock bananas off the bunch wHh a sttdt and 
whldi, upon one occasion, when he had been offered a hollow 
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owe for this purpose, whlcti proved to be too short, stuck s 
dOwller caae Inside and thus achieved his object. This cer- 
tainly looks like a purposeful Improvement of a tool. 

Finally, Mr Boeisch refers to the acts of certain birds which 
have soasoe bearing ui>on this question. Thus the great blade 
Arara cockatoo of New Guinea, cracks certain extremely hard 
nuts In a very intelligent manner, first weakening the shell 
by sawing it with his hard beak and then breaking it. Fur* 
thennore, to keep his bill from sliding off the smoooth and 
cOippery surface of the nut the bird wraps a bit of leaf about 
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to hold It steady while he operates on it. But of course in this 
cose since the beak is one of the anlmars own organs it can 
hardly be called a tool. 

Still more remarkable, perhaps, is the practice of the large 
mottled wood^pecker called “the blacksmith wood-pecker.“ 
This bird is accustomed to thrust hard x>iue nuts Into holes or 
crevices In the trunks or branches of trees, setting them up- 
right so that they are held os by a clamp, thus enabling the 
bird to extract the seeds with greater ease. As Boelsche ob- 
serves, this is quite workman-like In principle. But the wood- 
pecker often Improves such a natural “vise” (whiefh he makes 
use of repeatedly, as of a tool ready to hand) by hacking it 
with his beak, or he may even hamaner out a hole to begin with 
If a natural one its lacking. 

In conclusion the author oaks his readers, as we have said, 
to furnish him with similar instances bearing on the direct 
Intelligence of animals In making use of tools or in bettering 
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the latter for the attaining of a given end, and the cKlltoro of 
KosmOM add a final note expressing the hope that the re- 
quevt will bring forth an Instructive discussion of the matter, 
promising to forward communications to Mr. Boelsche. 


THE OIL IN PEANUTS. 

DuBtNS the last few years in which there has been an 
urgent need of fats to be used for food and glycerin for 
explosives ,the subject of vegetable oils has received more 
than ordinary attention. Com, oats, wheat, peach seeds, 
'cherry seeds, prunes, olives, and ^ various nut kernels 
have eadi been carefully investiga^ as to their cM con* 


tent, and the character and chemical properties of each oil 
accurately determined. It is thought that to repeat a similar 
study with the oil peanuts might not be without Interest 

We procured a quantity of the fresh unroasted peanuts and 
removed the shell and adhering husk. The bare kernels were 
cut on a watch-glass with the aid of a knife. Twenty grms. of 
the cbopi>ed kernels were transferred In a *Tat-frce** sack to 
a Soxhlet apparatus, and extracted, with boiling ether for 
twenty-five and a-half hours, when it was fouiXd that all the 
oil had been extracted. The ether-oil mixture was transferred 
to a distillation flask, where the constituents were separated by 
fractional distillation. The oil as obtained was clear and 
slightly yellow In color, and made up more than 50 per cent 
of the weight of the original kernels. 

The first experimental work on the peanut oil was to 
determine the iodine number This we did by the Hanus 
method, and found the iodine number to be 04.5 and 95 re- 
spectively in two samples. 

Another necessary procedure in the analysis of a specimen 
of oil Is to determine its saponification equivalent. By the 
saponification equivalent we mean the relative amount of 
saponifiable oils In a given fat, expressed in terms of mgrms 
of potassium hydroxide, that were used to saponify the oil. 
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We proceeded with the saponification of the peanut oil, using 
the Koettstorfer method The results obtained were 107, 200, 
and 202 respectively. This value is about 2 per cent higher 
than the equivalent found by former workera 
The chemical composition and conduct of i>eanut oil (more 
often called arachls oil) is very similar to olive oil, and this 
fact has led a few dealers to adulterate the pure olive oil 
with this cheaper oil The similarity of these two oils makes 
it diificult to determine accurately^ the percentage of each in a 
mixture. In a book, *‘Edll)le Oils and Fats," €. Ainsworth Mitch- 
ell makes a comparison of the typical values of the arachls 
and the olive oils as follows* 
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The most reliable method ot difTercntlating between the pure 
oils and a mixture of the two is to make a quantitative deter- 
mination of the mixed arachldlc and llgnoceric acids. The 
method to be used Involves the separation of the two lead 
salts by means of ether. These acids are recovered by crystal- 
lization from hot alcohol. 

The well-known fact that glycerides of the oleic acid series 
may be converted Into isomeric componnds by nitrous add 
giva| us the basis for the elaldin test, which we use in further 
Investigation of the oil sample. Two cm. of the oil were mixed 
with an equal volume of concentrated nitric acid and a pale rose 
color was noticed after one minute. Wlien heated on the 
water-bath for five minutes the ndxiture became yellowish 
brown. After cooling and standing at room temperature for 
twenty-four hours the mixture was solid . — Nelda Schute and 
Harold L, Maxwell In Chptnieal Neics (London). 



A Theory of Metallic Arc Welding* 

Metal Said to Be Projected from Electrode by Suddenly Formed Vapors 

By Ralph G. Hudson 


I N THE sumiuer of 1918 the welding oommlttee of the 
Emergency Fleet Corporation initiated an Investigation 
of metallic are weeding in which special attention was to 
be given to flie determination of the cause and nature of the 
tratuuniflsion inetal from an electrode to a plate. Although 
metallic arc welding had been eniiployed successfully for a 
considerable period, it was appreciated that its application 
was based upon empirical methods, and to make greater Use 
of such welding In shipbuilding it was evident thait its basic 
principle should be Investigated as thoroughly as possible so 
that inferior methods of metallic arc welding might be elimi- 
nated. The obj€x;t of this paper is to present the results of an 
Investigation of this diaraoter conducted in the laboratories 
of the Massachusetts Institute of Teclmoiogy. 

It should be noted that at the l>eglnning of this Investiga- 
tion no satisfactory explanation had been given for the trans- 
mission of metal from electrode to plate. In dorwnwaixl welding 
th^ deposition of metal might be uttrlibuted to gravitational 
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At the right, a globule developed with a very short arc , in the 
middle, with a modeoiate length of arc . at the left with a very lon«f 
arc These are 8/16 in eloctrodes magnlfled 6 8 diameters. The 
current strraigth In earh case was 100 amp I'hich globule contaiiiis 
a cavity, In the omaller globules, the cavlttos are usually open and 
retemblo small drlU holes, while In the larger oniw they are usualh 
closed and are surroundod by a thlu sldn^ of metal 

force, but in upward welding no such explanation could he 
offered. The fact bhat an electric currenit Is employed in the 
process suggested the possible existence of forces of electrical 
origin which might pull metal from the eli'ctrode to the plate. 
Oakulatlons of the magnitude of tlie electrical forces that may 
exist during metallic arc welding Indicate that they are neg- 
ligible and may therefore be eliminated os possible causes of 
the action. This view U further substantiated by the fact 
that satLsfaetory welding may be performed with current flow- 
ing in either dlrectlou or with alternating current, and that 
such differences as nmy exist with different directions of the 
current may be explained by ^'on'ddemtlon of the relative heat- 
ing propertU'S of such currents at the terminals of an electric 
arc. 

In conducting this ln>eHtlgatlon the writer, following the 
suggestAon of tlie committee, first attempted to obtain a photo- 
grabplc record of euocesslve pliases of the welding arc by 

^Abatraotefl by the Eleoirioai World from paper prfweuted before 
American WeMlng Society. 


means of a high-speed motion pteture camera. Owing to the 
intense luminosity of the arc Itself, however, the flinw thus 
exposed show only varioas shapes of the arc Itself and an 
occasional view in silhouette of the electrode, molten drops 
and plate. The principal use made of these Aims was to ex- 
amine them one by one with a low-power microscope with 
transmitted light, the observations being noted later. 

Instantaneous photographs of the welding arc obtained with 
a short-exposure focal-plaue shutter suffered from the same 
domination of the plate by Uie arc to the exclusion of all other 
pluuiomena. While focusing the camera, however, It was real- 
ized that snore could be seen with the eye on the ground glaes 
than could be obtained photographically or by dtroct observa- 
tion through dense glasses, so the writer began an extended 
study of metallic arc phenomena as seen in magnlfled form 
on *the ground glass. In this manner the action of the arc 
could be examined wlithout screening the eyeB and with the 
further advantages offered by magnifleation and observation 
of the action in its true color. 

When an arc Is struck between a steel electrode and a steel 
pdate title end of the electrode and a spot on the plate are 
heaited to a high temperature and metal is transferred from the 
electrode to the plate. The electrode la heated to a higher tem- 
perature than the plate bcHviuse the heating action of the arc 
is more concentrated In the case of the eleotrode and because 
the heat conduction away from the hot spot Is greater In the 
ease of the plate. 

Since the melting points and other thermal constanits of 
the elements' and tlieir compounds In steel electrodes vary 
uidely end their chemical affinities are quite different, it is to 
be expected that the constltuente of an electrode subjected to 
a high temperature wlM change from solid to liquid or gaseous 
form successively and not at the aame Instant. Since the 
melting point of iron is higher <than that of any other con- 
Ktltuenit of an ehv;tnKle with the exception of caibon, whicfli 
combines rapidly with oxygen at welding temperatures to form 
carlK>n monoxide, it Is furthermore to be expected that In the 
welding process the Iron constituent of Che electrode will melt 
last. 

The thennal changes Just described are known to take place 
during Uie application of heat to any complex substance. In 
metallic arc welding the temperature changes which take place 
differ to a marked degrc'e from the changes incident to the 
usual methods of heating metals In that a small mass of the 
ele<*tro<le in welding is subjected to a high temperature for a 
very short Interval of time The distinctive thennal feature 
of 1110101110 arc welding is thim the sudden rise and fall of 
temperature in the metal transmitted to the plate. Under the 
< Ircumertances It may be seen that the melting of the Iron is 
delayed by the heat absart)ed by the other constituents of the 
electrode and that this fact, together with the Iknlted time of 
application of high temperature, disproves the possibility that 
the iron is completely vaporized in fhe welding process. For 
example, when a projectile Is flred from a large gun, the ini- 
tial tenvperaiture of the gas behind the projectile Is believed 
to range between 3000 deg. and 4000 deg. O. Although this 
temperature greatly exceeds the melting point of the material 
of the projectile, there is little evidt'nce of melting on the sur- 
face of the .projectile because the projectile is not heated by 
the adjacent gas for a period long enough to melt Its surface. 

An Increase of temperature In most materials ts usually ac- 
companied by an Innnenae change in volume. While various 
changes In voluane may take place among the constituents of 

>An analysis of steel cAeoCrodes nsnally reveals the presence of at 
least ten elements: Iron, carbon, manganese, copper, sulphur, phoo- 
phonis, slUcon, oxygen, nitrogen and hydrogen. 
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the electrode durlog metallic arc welding^ the greatest possi- 
bility for each expaxudoa may be found in the formation of 
carbon tnonozlde. It Ur therefore to be expected that a globule 
will be formed by sucb expaneion on the «id of the electrode 
(luring wedding. Typical electrode globules developed In this 
manner by vaxions lengths of arc during the welding process ' 
are shown In BUg. 1. Elaxdi globule contains a cavity which 
may be seen cleariy during wdMlng on the ground glass of the 
camera described above and la also present In the cold con- 
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tracked glotiules sliown In tJu‘ figure. In the smaller globules 
the cavities are usually open and resemble small drill holes, 
while In the larger globules the cavities are usually closed 
and are surrounded by a thin skin of metal 

An electrode globule nmiintalned in (x>ntiuuous contact with 
the plate to prevent the formation of the glaring arc and 
heated by a heavy current may be w^en under inagnidcatlon 
on the ground glojss to expend ami blow oul minute particles 
at high velodty from the thinnest side walls, a <ontmotloii 
of the globule occurring after each expulsion of particles. 
The partidtee appf^r to originate in the inner electrode sur- 
face of the globule If the globule is suddenly dt*tached and 
the arc interrupted at the same Instant in ordinary long-arc 
welding, tlie inner electrode surface of the globule presents 
the appearance shown In Fig, 2 The pitted electrode surface 
suggests irregular fusion due to different temperatures of 
fusion, vaporization and chemh^l combination of the Ingredi- 
ents under the influence of niirid changes In temperature. 

Owing to the complex stanw'ture of the electrode, it Is not 
easy to determine the exact nature of the vapor content of 
the globule. That the vapor conslatB portly at least of car- 
bon monoxide gas to suggested by the fact tha.t such globules 
do not form In general when the end of the electrode Is heated 
In a reducing (deoxidizing) atmosphere. It is found impos- 
sible to weld with an electrode containing practically no car- 
bon In a reducing atmosphere. In welding under water it 
was observed that bubbles of gas rise continually to the surface 
of the water and bum, indicating the possible dissociation of 
the water with the absorption of oxygen by the electrode and 
the rejection of hydrogen to the surface of the water. After a 
globule had been maintained for several minutes at high tem- 
perature In contact with a platte In air. It was observed that 
all expubdem of particles ceased. It may be Inferred from this 


that all of the vapor-fonning <onstltuentK of the globule had 
been burnt out. 

If the electrode while welding is suddenly swept across an 
adjacent Insulaited flat surface, small spots of metal are found 
on the surface at regular intervals over the surface traversed 
by the hot electrode. (A magnified view of one of the spots 
is shown In Fig. 4) The same effect was observed by holding 
an Incandestsent electrcKle — ^Just reinovwi from ordinary weld- 
ing — over the rim of a rtwolving wheel It was .determined In 
this way that the average frequency of projection was approxi- 
mately one-fifth of a second, the projettion terminating with 
the cooling of the electrode 

It would appear from the observed facts that the metal 
deposited during niGiallio an- welding to transmitted, In part 
at least, in liie form of minute particles which are projected 
from the electrode globule by the Internal expansion of some 
vapor, possibly carbon monoxide. The expelled particles pass 
through the arc too rapidly to become vaporized and reach 
the plate in a fiuld state. If the expelled particles strike 
solid metal, they either ricochet along the surface — which ex- 
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plains the accumulation of Inm dust In the welding room — 
or flatten out without fusion, the most <‘oiniinon cause of poor 
w^ Ids If the parHcU*s strike a fluid metal, they peneti^te 
the fluid and solidify wltli the molten surface of the plate 
It is a well-established fact that tlie best welding is ob- 
tained with the shortest aic and the wwst welding with the 
longest arc It wi'U bo notenl in Fig. 1 tliat the size of the 
electrode globule also increases wltli the length of arc, the 
best welding being obitnJned with the smallest glolHilo A 
small glol>ua<- iiinpllee grt^aler C(Ui04-nt ration of proJecte<l par- 
ticles in the direction of the opimsite fluid HiK>t In down- 
ward welding a large globule becomes elongated by gravity, 
the lower part of the hollow globule becomes thickened by 
downward flowing metal, the side w’alls become strertched and 
thlnnedv and particles are projectetl wastefully through the 
sidle walls at right angles to the arc The globule as a whole 
frequently breaks away from the electrode ami drops without 
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fustoD on tbe fdate. Blectrode ends rejected by a welder and 
presenting the appearance shown in Fig. 1 constitute sub- 
stantial evidence of ineffective long-arc welding. In upward 
welding a large globule tends to fall to one side or ttie otber 
by gravity and prevents the efllclent projection of metal. 

Any material which eervea to increase the melting point of 
the surface of an electrode must, In accordance with the 
stated theory, Improve the conditions under which particles 
arc projected from the electrode globule. The cup-shaped 
surface formed at the end of such an electrode will reduce the 
amount of indirect projection of particles to a minimum, and 
tlio increased stability of the arc will reduce the difficulty 
of manipulation of the electrode, since the length of arc may 
be vailed over a greater range without Interruption. It would 
appear that moat of the coatlnga suggested for electrodes 
perform the function of cooling the surface of the electrode 
by vaporization and in some instances, owing to the rapidity 
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FIO. 4. A Hiaa itCAiONIiFlCATION (16.7 DIAMamBBS), OF A 
NUCIiBUS OF MirrAL PBOJBHTmD ON A OOU) PLATE 
FROM AN INOANOESCIBNT BLDCTSODB GLOBULE 

of the action, remain in a fluid condition about the sides of the 
electrode globule. It should also be noted that since oxide 
(rust) has a higher melting point than steel, rust should not 
be removed from electrodes and that rusty electrodes wW usu- 
ally work better than bright clean ones. In many caaes the 
outside layer of bare electrodes may be changed by drawing 
and heat treatment so that It has a higher melting point than 
the Interior. The Ideal electrode would have a high 
melting-point shell — tungsten for example— aurroundlng a 
lower-melting-point Interior containing sufflctent vapor-form- 
ing constltutents to eject metal constantly when heated. 

The writer would suggest certain promising subjects for 
further study : First, a determination of tlie character of the 
vapor found in an electrode globule, second, a determination 
of the heat surfacu material for electrodes, first cost and effect 
on the fln1She<l wetd to be considered ; tlilrd, the effect of 
welding In a reducing flame upon the character of the weld— 
the writer has found that such a weld Is more ductile and 
reveals lees formation of nitride; fourth, an Investigation of 
the value of welding under water as in the case of ships, 
tanks, etc.; fifth, the use of materials other than steel In 
metallic arc welding. 


PROTECTIVE RESISTANCES FOR HIGH-TENSION IN- 
STALLATIONS. 

OABBOBirNDVM and similar materials behave as though they 
were a mixture of conducting and non-conducting bodies and 
their resistance decreases with Increase of voltage. This al- 
lows their use as protective resiatances In parallel on current 
Cailtigfonuers, trip coils, etc. With the occurrence of a pres- 


sure surge tiMlr effiecttve resistance la reduced to a nnll 
per emit ot its OTlglnal value. The surge passes then throve 
the short-clrcalt wbldi Is thus provided for It, oAmr whkh 
the normel value of the protective restotance Is res tor ed so 
that the apparatus it protecta can again fnnetloa inoperly. 

However, this characteristic of sUtoon-carbide reslstaneea 
becomes undesirable when they are connected In aeries with 
pressure transtormers, etc., whan ft Is deslmUe to leahrtain 
the resistance at hiifli voltage. By long rods or dl6k dements 
used for resiatances to be connected In parallel It la possible 
to reduce the amount of this varlati<m of resistanoe with ap- 
plied voltage, but It Is not possible to eliminate ft altogeOier. 

From a study of the oUUxn carbide resistanoes It was con- 
eluded that their decrease at high voltages Is not due to tain- 
perature effect but rather to the nature of their oompooltloii. 
It was thought then that In order to eliminato this varlatioB 
In resistanoe a metallic connection must be jwovided between 
the texininala. This condition and the necessity to seente high > 
resistance makes it desirable to employ a coherent ,oondacting 
mass aa a core with which other materials, of blfher or lower 
conductivity, can be combined. The ogddes of certain metala '< 
possess aa<h desirable properties. Copper oxide (OuO), fbT' 
example has a oondneULvity of 400 ohms per ccm. and 
melts at a reasonably low temperatnre. The OuO Is oast in 
form of rods which have high mechanical strength and whldi 
are coppered at the ends In order to obtain good dectrlcol 
connection. Melting the CnO causes a considerable part of 
It to be reduced to GiO which baa a speclflc realotonoe of only 
40 ohma per cm-enbe. By adding other materlaladt la poatfble 
to vary the effective resistance over a wide ranges. Whether 
the resulting material Is a compound or a eolld aolatlim has 
not been ascertained. 

A eerles of tests showed that the reslstonoe of carborun- 
dum elements offered to bltdi-pressure surges was only ono 
or two per cent of that obtained by a 2-volt d.c. bridge, 
whereas the high-voltage reslatanoe of the new copperoztde 
elements varied from' 50 to 70 per cent of toe values measured 
by the bridge. There are two reasons for toe resistance drop 
In toe latter case: 1. Sparking over the surface of the short- 
resistance bars provides a paralld circuit between terminals 
2. The resistances have a certain capacity which produces an 
appreciable displacement current at high frequmuflea. The 
resistance drop varies with toe frequency and Is therefore 
greater, the shorter (he length of overhead line. 

Experimental data given show that better protection is 
obtained by using the oxide resistances. A spedfle resist- 
ance of about 5,000 ohms per ccm. Is obtained In oxide 
rods about 20 mm. dlam. and 00 to 100 mm. long; higher re- 
sistances could bo obtained by adding other materiale. An- 
other advantage of toe new resistances is their high negative 
temperature-ooeffleient, which makes it possible for them to 
carry heavy load# without Injury. For lnstanoe,^a 12,000-obm 
unit will carry 4.5 amperes without reaching a dull red beat: 
this means that the resistance must be diminished very oon- 
atderably, otherwise the power dissipated In the resistanoe 
would exceed 260 kw., which would melt It at once. The fal^ 
heat capacity of the resistances results In thdr being unaf- 
fected by heavy surges of current at times of shorboireult. — 
H. Oeioeoke In Btektrotechnuehe Zeittchrift, July 31, 1910. 


USE OF ELEOTRICITY IN THE ORANGE GROWING 

INDUSTBt. 

EtBCTBtc pumping ts but one feature of toe use of electrical 
energy In the orange industry. The orange pacMng-bouse Is 
today vverated entlrdy by electricity. The fruit is washed 
by electrically driven washers. Then toe brand labd Is 
placed on it by another electrical device. The orange then 
flnds Its way Into the dectrlc sorter. In which the oranges 
are graded for the market Even the boxes are mode and 
nailed up by electarical mactatnery, and In some of the largest 
pacldag bouses there are many labor and tlmeaaving devtces. 
which get their power from electric motors. — ^Abstracted fnmi 
Eleotrical Jtepieto. 



The Ultra-Rapid Onematograph 

Taking Pictures at the Rate of 20,000 Per Second 


A T a recent eeeeion of the French Academy of Sciiencee, 
Dec* 1, 1919» a report wae made by Messrs H. Abralkaxnt 
X Blochf and L. Bloch, stating tlaut they hod been able to 

register moving picture images of the remarkably high fre* 
fluency of more than 20,000 per second. While the applications 
of such a system of cinematxigTaiihy ere limited to very special 
oases» they nevertheless possess yery great scienUfic uses as 
will appear in the following statement by the authors * 

In the study of certain very rapid movements end in pai> 
ticular in certain problems of ballistics, the analysis of the 
phenomena cannot be undertaken except by the cinemato- 
graphic method. But the latter requires in such cases an ex- 
treme .degree of rapidity, as much for example as 20,000 or 
even 60,000 photographs per second. . . . 

Much Important research has already been conducted along 
this line. We shall here confine ourselves to citing that by 
M. Bull with which our own researches are connected. At 
the Institute Marey M. Bull succeeded in making cinemato- 
graphs at the rate of 8,000 photographs per second. He op- 
erated wifbh the objective uncovered and with a continuous 
movable film. Illuminating the object by a series of sparks 
proceeding from the condensed discharge of a Ruhmkorff coll ; 
this is the same device already employed by Boys for taking 
instantaneous photographs of projectiles. 

The device employed by us during the past year enables us 
to raise the frequency to a very high degree. The principle 
consists in charging up to about 5,000 volts a small I^yden 



great number of times without its own potential being per- 
ceptibly lowered. In order to avoid any distuxbance pro- 
ceeding from the coll B during the taking of the photognraphs, 
it is advisable to cut the primary of the said coil with an in- 
terrupter A,, which opens automatically at the moment of the 
photographic operation. At the same Instant the interrupter 
A» placed in the circuit of discharge, is suddenly closed. 
Furthermore, since the supply of energy from O is limited, it 
is well to provide a third interrupter (not shown In the 
diagram) which cuts the circuit of discharge at a convenient 
moment, for example, after the taking of from 100 to 200 
photographs. The small Leyden Jar L, having a capacity of 
less than one thousandth of a micro-farad, is charged through 
an adjustable liquid resistance R. It U the latter which 
determines the value of the average current yielded by the 
intermittent dlsehftrges, thus determining the frequency of 
the sparioBL 

The circuit of discharge BL is very idiort in order that 
the sparks may be extremely brief in duratioa. These sparks 
which are extremely photogenic, serve to illuminate the mova- 
ble object, and since the durations of the illuminations are of 
the magnitude of one millionth of a second, the photographs 
are practically instantaneousw The discharger £ is formed be- 
tween aluminum hemispheres which are thoroughly cleansed 
with fine emery cloth before each operation ; the distance of dis- 
charge is about one mm. 

We are thus able to obtain, without difficulty, a spark of 
frequency exceeding 60,000 per second. The photographs must 
be taken upoh a sensitive film having a very rapid move- 
ment. Our first testsi were made with disks covered with 
gelatlnous^romlde paper 20 cm in diameter, driven by the 
shaft of a ventilator motor having 6,000 revolutions per 
minute. Better results, however, appear to be obtained by 
rolling a sensitive film around a cylindrical drum In rapid 
rotation according to the metliod of M Bull, who has thus 
obtained remarkable moving pictures of the motion of pro- 
jectiles 

We may sum up the matter by the statement, that thanks 
to the employment of continuous discharges broken up by 
blowing, it 1» now easy to take moving pictures at a rate of 
speed exceeding 20,000 photographs per sec'ond 


ELECTRICAL CONNECTION OF THE ULTRA^RAPID 
CINEMATOGRAPH 

Jar, Which is Immediately discharged in a discharger, being 
then freshly dhoirged from a source of high tension electricity 
(12,000 to 15,000 volts). The regularity of the discharge Is 
secured by a vigorous blowing of the sparks, the effect of 
which la to prevent the disruptive spark from passing to 
the arc. 

In default of a continuous current or of a tiattery of ac- 
cumulators, one may employ as a high tension source a strong 
condenser which has been previously charged and forms a 
reservoir of energy. Or one con also make use of the sec- 
ondary circuit of a transfonmer in which the primary ten- 
sion has been abruptly established. 

In the diagram condenser O, inisulated for 20,000 volts, 
has a capacity of the magnitude of a derai-micro-farad. It is 
given a charge of from 12,000 to 16,000 volts, by means of a 
transformer or else by a Ruhmkorff coil B, provided with a 
thermo-ionic valve or with a Vlllard valve, S. The condenser 
0 is protected by a tension-limiting discharger I, provided 
wUh a series resistance in r. An electrometer (not repre- 
sented in the diagram) Is likewise shunted in thus permit- 
ting ns to follow the voltage of the charge. 

The capacity of O is sufficient to suppfy the Leyden Jar L a 


MOTION PICTURBS IN SWITZERLAND. 

Motion pictures have not, as yet, penetrated to all soctions 
of Switzerland, but reports show that progress is being made 
from day to day The war had a very etiinulaling effect upon 
the Industry, all the l)ell!ger(‘nt ccnintrles having uscmI this 
means for .propaganda work, and while no one can state 
what effect this propaganda had ui)on Individual opinion 
regarding the war, it Ims had the result of converting the 
people to this form of amusement. Compared with otlier 
countries and oonalderlng tho population, Switzerland pos- 
sesses today a relatively small number of motion-picture thea- 
ters and none at all of any gn^nt seating capacity. As a result, 
the smaller houses are very well patronized 

The production of motion pictures has not been undertaken 
to any extent In Switzerland, there being at the present time 
but one concern and It is not important. However, several 
of the large French and German producers have, at various 
times, utilized Swiss mountain scenery for staging scenarios. 
Of the films imported into Switzerland about 00 per eent are 
of American manufacture, the remainder coming from Ger- 
many, France and Italy, Films coming from France are, in 
many instances, reproductions of American films made at the 
French agencies of the Amerl(*an producers — Abstracted from 
Coftwiercc Reporit. 
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The Breakdown Voltage of a Spark Gap’ 

Effect of Temperature and Pressure 

By L. B. Loeb and F. B. Sikbee 


T llK invcHtipatliJtu here desciibed was conducted at the 
Bureau of Htaudaids for the National Advisory Oom- 
mlttee for Aeronautics, in order to determine the neceo- 
sary minimum potential for causing sparks to puss in a gaso- 
line engine whose compression ratio was known and In which 
tho tcuiperaluie of the gases before igiilllon could be esti- 
mated. 

\cGording to tho simple theory f J. J. Thomson. Conduction 
of Electricity Through Cmscm, Townsend, Electricity In Gases, 
and Peek, Transactions of the American Institute of Electri- 
cal Engineers, ItllO-IOld) the sparking potential depends solely 
on the density of the gas between tho electrodes for a given 
fixed pair of eloctrodes, 4 e , on the total number of molecules 
betwiHiu the eteclrodes Tills has been Invstlgated over a con- 
siderable range of pressures, spark distances, and forms of 
electrodes by numerous observers, but only three investigators 
have studied the effect of teniiierature, and then only over a 
limited range They all found that the sparking potential de- 
pended solely on the density of the gas over the range studied. 

In the study of airplane spark plugs it seemed advisable to 
determine whether this law hold for pressures and tempera- 
tures which might occur in the cylinders of a high compression 
engine Just before the ignition of the charge. In airplane en- 
gines the maximum compression pressures under normal con- 
ditions range from DO to ISO pounds per square inch with 
temperatures up to 300<^ O. 


ameter set at right angles and separated by 1.8 mm. (0.071 
inch ) ; No. 2 was a Titan plug with similar terminals 3.13 mm. 
(0.123 inch) in diameter rounded at the ends, separated by 1.2 
mm, (0.047 Inch) ; No. 3 was a plug like No. 1 but with a dis- 
tance of 2.2 mm (0.080 inch) between the wires. In each case 
the spark passed between the eylindrioal surfaces of the wires 
near the point of closest proximity 

PROCKDUBE 

The readings were taken as follows* The temperature was 
run up to the desired value and held constant from 15 minutes 
to half an hour. There were fluctuations at the higher tem- 
peratures of as much as 10 degrees either way so that a mean 
temperature was chosen as representing the true conditions. 
The breakdown voltage of the gap was then determined by at 
least 10 trials for each pressure. The pressure was increased 
in steps of 10 pounds per square inch. The pressures were read 
by two small pressure gages whose ranges were from 0 to 
100 pounds per square inch. The spark potentials were read 
to as high a pressure as It was possible to obtain without 
the sparks passing over the outside of the insulator Then the 



APPARATUS. 

The experiments were conducted as follows. An ordinary %• 
inch Titan A. O. porcelain plug was screwed into a steel bomb 
about 25 cm. (10 inches) long having the design indicated In 
Fig. 1. There was a thick glass window opposite the sparking 
terminals when the plug was screwed in position. A high- 
pressure air tank connected to the bomb through suitable 
valves served to regulate the air pressure to any desired value 
Temperatures were measured by a Pt. IT-lth thermocouple, 
B. S. W5, which was inserted in a steel tube sealed at one end 
with walls Yi mm. (0.020 inch) thick. This was screwed into 
the bomb so that its inner end was within 1 cm. of the spark- 
ing terminals of the plug. The bomb was placed in a cylindri- 
cal electric resistance furnace and packed with asbestos wooi« 
so that only the porcelain insulator was exposed at one end, 
while the window projected out about 5 cm. (2 inches) beyond 
the other end 

Sixty-cycle voltage was supplied through n step-up trans- 
former having a ratio of 200 ;1 and applied between the central 
electrode and the bomb A resistance of 220,000 ohms was put 
in series with the plug to avoid an excessive current and con- 
sequent burning up of the terminals when the spark passed 
The voltage was read, on a voltmeter connected to the low- 
tension side of an auxiliary step-down transformer. The pas- 
sage of the spark was made evident both by the kick of the 
voltmeter and by the appearance of the spark in the bomb. 
Ionization was provided for by the use of a half milligram 
sample of radium in nmst of the experiments, while in some 
a 50-ingm. sample, placed Just below the electric furnace, was 
also used This Ionization served to eliminate the complicating 
effect of spark 'iag” and made the readings much more con- 
sistent and reliable. No striking difference in the readings 
could be noticed with the two different samples. 

The tests were run on three Titan plugs; No. 1 bad the 
regular terminals of Nl-Ma wire 1.3 mm (0.()51 inch) In dl- 

•^traoted from Report 54 of the National Advisory Commit 
for Aeronantlnt 


PIQ. 1. BOMB IN WHICH SPARK PLUQ4S WBIRB 

TOSTEID 

pleasure was reduced in steps of 20 pounds and readings 
again made, As a whole the return readings checked the first 
readings well This can be seen from the plots where maxi- 
mum sparking voltage is plotted against the pressure for each 
temperature. As the voltage which could be used without spark- 
ing over the outside of the porcelain was about 19,000 volts, 
no voltages were measured above this. The pressure range over 
which the measurements could be carried out started from 60 
pounds at room temperature and increased until at 200" C , or 
thereaHmuts, pressures of 100 pounds could be used 
From then on the pressures were limited with increasing 
temperatures by a new phenomenon which may have been 
caused by electron emission from the hot terminals at high 
voltage. Under these conditions the spark was replaced by a 
sort of purple brush discharge (corona) which came on gradu- 
ally as the voltage was increased 
It was at first thought that this glow discharge might be 
an Important factor in causing ignition trouble. Further 
measurements were therefore made in the same apparatus but 
with a Bosch D-C magneto as a source of voltage. With this 
arrangement no brush discharge could be detected although the 
observations were carried to 760 o C. Above 600® O the elec- 
trical conductivity of the porcelain insulator was great enough 
to prevent the magneto from sparking at the higher pressures, 
but there was po sign of brush discharge under any conditions. 
It Is probable that a certain time is required for such a dis- 
charge to form and that the very sudden application of voltage 
produced by the magneto does not admit of this. 

BESULTS 

The curves plotted between maximum sparking potentials in 
kilovolts and pressure In atmospheres may be seen in plots 2, 
3, and 4. The results represented by all these curves, except 
the one for low temperature measurement with the larger 
terminals could be repeated consistently. It la possible that a 
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Stronger source of Ionisation should have been provided, and 
the voltage Increased still more slowly in this case. The slight 
curvaturen of the lines may be due in part to the gages, since 
no calibration corrections were applied. The direction of the 
curvature is the same as that noted by other observers. 

The data given in the curves were analyzed by first reading 
from each of the curves the pressure corresponding to a given 
voltage, say 10,000 volts. From this pressure and the tempera* 
tore pertaining to the curve, the relative density of the gas 
is then computed by the formula. 

a F 



where a^ is the density at 1 atmosphere and 273^ absolute, P 
la the pressure in atmospheres, and T the absolute tem];>erature 


Tempmtufe Abs. 

Density at 

10,000 volts. 

8,000 volts. 

800* 

3 61 

1 83 

wa* 

2 46 

1 80 

4»* 

3 37 

1 80 

«s* 

3 38 

1 78 

TOO* 

3 60 

1.06 

itea 

745 

rs 


in these equations ore of course dependent upon the shape 
and spacing of the electrodes, and would be smaller for the 
case of the shorter 0 5 mm (0020 inch) gaps used In spark 
plugs. 

In addition to the measurements with alternating current 
described above, a second series of tests was made, u^lng a 
Bosch D*6 magneto as the source of e ni f . and a special crest 
voltmeter equipment^ to ineaHure the breakdown voltage. 

This equipment coimlated of an Albrecht electrostatic volt' 
meter connected In series with a G B. konotron (electric valve) 
as shown in Fig 2. This valve permits current to How when 
the heated filament F is negative with respect to the relatively 
cold anode A, hut allows no current to fiow in the reverse di- 
rection. Consequently, a negative charge accumulates on the 
insulated conductor, formed hy the anode and the case of the 
electrometer, of such amount that when the sparking electrode 
and voltmeter needle are at their greatest positive potential 
the filament and anode are at the same potential, and there is 
no tendency for further charging During the rest of the time 
the needle of the voltmeter is near ground potential, but the 
rectifying effect of the kenotron prevents the charge from 
leaking off Consequently the meter comes to a steady defiec- 
tion which measures the maximum positive voltage applied. 

Runs were made with this apparatus at temperatures of 460<^ 
O. and 5200 c. up to pressures of 150 pounds p^r square inch, 
using a Champion (Toledo) plug No. 4 with X"bend electrodes 
set with the usual spacing of 0.5 mm (0.20 Inch). The results 


in degrees centigrade This was done for six different voltages 
on each plug. The table above gives the results of plug No. I 
at 10,000 and 8,000 volts, and is typical of the other data. It Is 
evident that the densities thus obtained are constant within 
a few per cent over the entire range and show no systematic 
change with temperature or pressures. 

It may therefore be concluded that the breakdown voltage 
is a function of the gas density only. To determine the form 
of this function the average values of density obtained as de- 
scribed above are plotted against the corresponding voltage In 
Plot 1. The curves thus obtained show that the breakdown 
voltage is a linear function of tlie density but Is not propor- 



tional to it. The data can bo represented by the following 
equations ; 


Plug No. 1 
Plug No. 2 
Plug No. 3 


= 2.2 -f 3.1 p 
l,8 + 4 0p 
= 2.4 4- 3.4 p 


Where E la the sparking voltage in kilovolts and p is the density 
relative to air at atmospheric pressure aiid Oo 0 The constants 



FIG 2 APPARATUS USBiD TO MBAflURE THE BREAKDOWN 

VOLTAGE 

as obtained aie plotted in Ploi 5 and the combined data from 
these curves are plotted ngnlubt reliutUe density In Plot 1. 
giving a line whose equation Is 


j& = l.l + 1.7p. 


Those nieasuromcnts with the magneto and crest voltmeter 
showed the presence of a further complication due to the fact 
that the heat of the spark raised the temperature of the elec- 
trodes very materially This in turn heated the gas near them 
BO that the diseharge ooturnHl through gas which was de- 
cidedly less dense than the surrounding atmosphere Tills was 
indicated by the fact that at first starting the magneto the 
voltmeter showed a relatively high voltage (In one case 4,100 
volts), which decreased gradually for nearly a minute, after 
which It remained constant at a much lower value (2,360 volts). 
The time required for the change implies very strongly that it 
is a purely thermal effect rather than any Ionization due to 
the preceding sparks, since the latter effect would be almost 
instantaneous. In the ease of a spark plug in an engine cylin- 
der, the central electrode, being Insulated thermally us well as 
electrically hy the core, is much hotter than the incoming 
charge and consequently this offec't may bo present to some ex- 
tent 

As a check upon the laboratory data measurements were 

* Sharp, C, if , Elei-trUxS WorW. 60, V 5r>6riai7. 
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also made In a Hall-Scott A-5 aviation engine having a com- 
pression ratio of 4.2 1. Owing to the late closing of the Intake 
valve and the advance of the spark, the actual ratio of cylin- 
der volume at intake to that at ignition was only 3.2 :1. If it 
can be assumed that the charge In the cylinder Is at atmos- 
pheric pressure and the temperature at the closing of the Intake 
valve, then the relative density at Ignition will be 3.2. Plug No. 
4 was run In this engine firing from Dixie “88” magneto. The 
crest voltage as measured by the kenotron was found to be 
6,900 volts Measurements with a calibrated spark gap hav- 
ing 1 cm. spheres Indicated 4,500 volts. The voltage predicted 
for this density from Fig. 2 Is 0,400 volts. 

In comparing these results it must be borne In mind that the 
crest voltmeter loses Its charge verjr slowly, so that It really 
indicates the highest peak occurring during two or three min- 
utes preceding the reading. The parallel spark gap, on the 
other band, is adjusted to fire about half the time and prob- 
ably gives more nearly the average crest voltage. It appears, 
therefore, that the results obtained in the laboratory are In 
substantial agreement with those found on the engine, and that 
the linear relation between voltage and density may be safely 
applied to ignition circuits. 

It will be noted that the results shown in Plot 2 can be rep- 
resented roughly by a straight line through the origin, such 
as Is shown dotted, and which Indicates a direct proportion- 
ality between the sparking voltage and density. This relation 
will be found useful In cases where the voltage is known at 
some one density and it la desired to estimate it for another 
density not too widely different. It Is unsafe, however, to use 


this law of dlr^ proportionality to extrapolate over a long 
range from the sparking voltage at normal atmospheric density 
to that at very high density. 

CONCLUSIONS 

These experiments confirm the relation that the breakdown 
voltage of a spark gap dei>ends only upon the density of the 
gas and varies with pressure and temperature only as they 
effect the density This relation is found to be valid up to SOQo 
C. and 8 atmospheres pressure. Both the pressure and tempera- 
ture of the charge in a gasoline engine Increase very greatly 
during the compression stroke, but the sparking voltage can be 
computed from the linear relations shown in Plot 2 without a 
knowledge of these variables separately, since the density is 
determined solely by the original density and the compression 
ratio. For small changes in density, the assumptloa that the 
voltage is proportional to the density may be made. 

With the sudden discharge from an ignition coll or magneto 
a disruptive spark is produced even at temperatures where a 
60-cycle voltage would produce a brush discharge. 

The vifltage required for a spark plug set at 0.6 mm. (0.020 
inch) in an aviation engine of moderate compression is of the 
order of magnitude of 6,000 volts. 


LARGEST ELEGTRIO HATCHERY 
Thebe is an eleotrlc hatdiery at Artesla, Gal., wMdi is 
claimed to be the largest in the world. It has a capacity of 
100,000 eggs and produces 30,000 chicks per week. « 
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Fatigue Phenomena in Metals* 

Summary of Available Facts and Theories Relating to Fatigue Failure and a Discussion of 

Some Unsolved Problems 


M ittal parts of madilues, such as springSt shafts, crank- 
pios and axles, oooasionally fall suddenly while only 
subjected to conditions of ordiiiiary service. Not only 
does failure occur suddenly, but the part aliout to fail ahovirs 
no ordinary ervldence of weakness. The broken parts when 
examined are seen to be broken off short, and without general 
distortion, even tibough tlie material may show high ductility 
tn ordinary tests. Such failures are found only in parts sub- 
Jected to stress repeated many times — to “vibration,*’ as it is 
sometimes stated — and the phenomena which are involved in 
the final failure of metal through oft-repfetod loading are 
known as “fatigue" phenomena of metals. 

The phenomena of fatigue failure lhavc recently given rise 
to some perplexing problems In connection with the design 
and service of air-plane-onglne crankshafts, tlie hulls of steel 
ships, axles and shafts in railway cars, motor cars and 
trucks and other maclilne parts The question whether struc- 
tural parts subjected to repeated stress are In danger of fa- 
tigue failure has been discuss'd at considerable length. The 
danger of fatigue failure seems to be an unimportant factor 
in determining the safety of structural parts, with the possi- 
ble exception of parts subjected to reversal of stress The 
reason for this is probably found In the relatively small 
number of lodullngs which most structures are called upon 
to withstand, and in fact that most of the loadings are below 
the maximum working value. On the other hand, the danger 
of fatigue failure Is a major factor In determining the safety 
of many machine parts. 

The problem of fatigue of metals engaged the attention of 
engineers seventy years ago, in connection with car axles 
and members of iron railway bridges. It was early recognized 
that high stress tends to cause, or at least to hasten, fatigue 
failure, and about 180 Wdhler's famine investigations were 
undertaken to determine the relation between Intensity of 
fiber stress and the ability of materials to resist fatigue tinder 
repeated stress. Wohler’s tests occupied some eleven years, 
and remain to this day the most thorough tests on record. 
WOhler investigated metals under direct tension, under bend- 
ing, and under tension (shear). For some of bis tests the 
stress varied from zero to a maximum, and for others the 
stress was reversed. 

Following WOhler the famous Bauschlnger published a 
series of conclusions on fatigue, and various other investi- 
gators, notably Gerber, and Weyrauch and Launihardt, gave 
early interpretations of the experimental results of Wohler and 
Bauschinger. 

In these earlier experiments several facts seem noteworthy. 
Tbe prime object of the Investigators was to deduce laws of 
fatigue for railway bridges and car axles. The problem of 
fatigue in high-speed machine parts had not then npj^reA, 
These investigators carried tliellr tests far enough to cover 
the number of repetiitions required by the structures of their 
day axid assumed that having done so tliey bad established 
an endurance limit. Reading their conculsions carefully, the 
statement does not seem to be made that material which 
passed their tests would stand an infinite number of repeti- 
tiODft Tbe term generally used is “Indefinite” or “very large ” 
and the number corresponding Is from ten to fifty millions. 
For the problem which they Investigated tbeir tests seem to 
^Ive safe guide» for practice, but today, wlith the advent of 
modem Ulgh-speedt machinery, some parts of which must be 
ss light as possiUe, and the extension of the fatigue problem 

*neprodxiced from the ■Tosmol of the American Soeieiy of Meohofi^ 
ioal Bnginoera, ▲ pro gr ess report of Committee oik Fatigue Phenom- 
ena In (Metals whldi Is acting under the joint auspices of the Bn- 
gtnecrtmi Foondatton and the IXvtslon of Engineering of the National 
R esearch Council. t 


to such meihbers as the cranks and the connecting rods of gas 
engines and the shafts of steam turbines, tho number of repeti- 
tions of stress which a machine member may be called upon 
to undergo Is very much increased. This fact Is Illustrated 
?)y Table 1, which gives a statement of the approximate 
'Service required from various struotuml and machine memibers. 

Investigations have been made In recwit years by Howard, 
Stanton, Basquln, Smlflh, Eden, Hose and Cunningham, Kom- 
mers, Mason, Moore and Seely, and others. The efforts of 
these investigators have been directed toward the study of 
moderln (materials, refineraents in metliods of testing, and in- 
terpretation of results. The limits of actual tests have not 
been extended to modern requirements, and the problem still 
remains of obtaining test data for much longer endurance of 
fatigue than was contemplated by Wfihler. Under the most 
favorable conditions conceivable such data will be obtained 
very slowly, and meanwhile there must be faced the problem 

Table 1. Approximate service required of various members of 
structures and macimies subjected to repeated stress. 



of determining safe stresses for very large numbers of repe- 
titions by extrapolation from previous teisit results, 

MACHINES FOB TESTING FATIGUE STRENGTH. 

Fatigue tests cannot readily be carrlt*d out with ordinary 
“static” testing machines. It is, of course, ixissible to repeat 
loadings on a test specimen in such a toachine, but the process 
is very fidow. Such a machine c*qulpped with an in^nlous 
automatic arrangement for applying and releasing load was 
used by Van Omum In fatigue tests of concrete in compression, 
but the time required for even a hundred thousand cycles of 
stress was very great. 

A very simple repeated-stress testing machine acts by the 
application and removal of a weight to the end of the long 
arm of a simple or compound lever, the specimen carrying 
load at the short arm. Such a machine was used by Berry 
In fatigue tests of concrete In compression. In a machine of 
this type the load must be applied slowly, else there will be 
inertia forces set up by the impact of the weight as It is let 
Into place. 

A common type of repeated-stress testing machine is one In 
which a calibrated set of springs resists the tensile, compres- 
sive, flexural, or torsional stress set up in the apedmen, and 
the deformation of the calibrated set of springs gives a meas- 
ure of the force or moment acting on the specimen. Fig. 1 
diagrammatically illustrates this type of machine which was 
used by WShler and has since been used by many other ex- 
perimenters. The Upton-Lefwis machine is of this type and 
extensive use was made of It In torsion tests carried on by 
McAdam. This type of machine permits a fairly hi^ rate 
of repetition of cydes of stress, end machines which have 
been run at 1,(KX) repetitionB per minute have given results 
apparently trustworthy. 
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The moat common type of machine for reversed bending 
stresses uses a circular specimen acting as a rotating beam. 
This type was used by WOhler, and also by many later m- 
vestlgators. Fig. 2 illustrates sudi a machine. The specimen 
is in form of a bar of circular section, to which bending stress 
Is applied by weights. The specimen Is rotated by means of a 
pulley. At any instant the outer fibers are subjected to a 
stress varying from tension on one side to cof^ression on 
the other, and the fiber stress at any point paases through a 
cycle of reversed stress during each revolution. As shown, 
the specimen is loaded at two symmetrical points of the 
span, and between th(«e two points the extreme fiber stress 
is constant for each elenvent along the bar. This type of 
machine permits high speed of reversal of stress^ speeds up 
to 2,000 rpjm. having been successfully used. 

British experimenters have used irepeatediitreas testing 
machines In which varying stress was applied to a specimen 
by mtuns of tlie Inertia of redprdcating ptrts. Fig. 8 shows 
such a machine, which can be used at high bpeeds. However, 
the speed must be very closely controlled, as the inertia forces 
vary with the square of the speed. Moreover, friction on the 
guides causes some slight uncertainty as to the magnitude 
of stress set up at each stroke of the crank. 

A repeated-stress testing machine depending on centrifugal 
force to produce cycles of stress is shown in Fig. 4. It is 
evident that as the eccentric wdi^hts revolve the specimen will 
be placed alternately In tension and irt compression. This 
machine has been used by J. H. Smith. Its characteristics 
ere mu<di like those of the inertia type ; tn fact, it is a special 
form of Inertia madhine. 

A itype of machine used by Arnold and later by other ex- 
perimenters is shown In Fig. 5. In this machine a specimen 
is repeatedly given a certain deflection. Usually this deflec- 
tion is suffldently large to stress the material well beyond the 
yield point, and no very definite stress can be comptlled. This 
machine is used mainly for short-time testa. 

Another short-time-test machine uses the repeated Impact 
of a small hammer. The claim Is made that impact loading 
emphasises local flaws better than a load which is more 
gradually applied, and that it i/n4irectly gives a better index 
of fatigue strmgth. Data, however, are lacking to prove or 
disprove tills claim. 

Various repeated-stress testing machines have been con- 
structed In which the cycles of Stress were set up by the 
action of an electromagnet energized by altema^ting current. 
Usually the stress waa measured either by the deflection of 
a spring or by the deformation of a standard test bar at- 
tached to the specimen. The speed of such a machine, however, 
is usually so high that there seems to be some uncertainty as 
to whether the successive waves of stress pass through the 
specimen without interference. 

'While the mlcrosGox>e can hardly be classifled as a> testing 
machine, It has, neveitheless, been of such vttal importance 
in studying fatigue phenomena that it may well be mentioned 
in this place. Space will not permit of a 'detailed description 
of the methods employed in the microscopic examination of 
metals, but tlio process involves polishing a small area of 
the metal, etching the surface with somh reagent to bring out 
the lines of .the crystalline structure at^ examining and pho- 
tographing the surface through a microscope, the surface of 
the -metal being Illuminated by means of a reflected light. 

THE PHENOMENA OF FATIGUE FAlLXno:. 

A fatigue failure of a metal, whether It occurs in a test speci- 
men or In a machine part, is characterized by suddenness, lack 
of warning, apparent brittleness of material, and, In many 
cases, a fracture with a crystalline appearance over a part 
of Its surface. 

This crystalline appearance led to the old theory that under 
repeated atraas metal “cryetalllzed,” changing from a ductile 
“fibrous” structure to a brittle “cryetalllne” one. This theory, 
however, has been quite thoroughly demolished as a result of 
ertdy of the structure of steel under the microscope. As re- 


vealed by the microscope the atrueture of ail metals used for 
struotures and machines to crystalline, any “fibrous** struc- 
ture being caused by inclusions of non-metailic Impurities 
(for example, slag in wrought iron). Microscopic examination 
of metals under stress shows po change of tbe general sdieme 
of tb^mal structure, but under sufficiently heavy stress ttiere 
appears gradual breakdown of the crystals in the structure. 

When a ductile metal is deformed cold, the first deforma- 
tion occurs in the particular grains which either take the 
most stress or have the lowest elastic limit Deformaition takes 
place by the slipping of one portion of the grain with refer^ce 
to other portions. This slipping is shown by the appearance 
of lines called “eUp bands” or “slip lines" extending across 
crystals and indicating planes of cleavage. As the load la 
increased deformation proceeds and other slip bands are 
formed, the law being that the most easily deformable grains 
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first show Slip bands. Gbradually the most favorable planes 
of slip are exhausted, and further slippage can take place 
only With the addition of more load. 

The failure in ductile metals subjected to repeated stress 
takes place with substantially no general defonnatlon. There 
is, however, considerable local defonnatlon over microscopic 
areas, evidenced by the appearance of many slip bands on a 
polished surface of the metal after the application of re- 
peated stress. These slip bands appear after a small number 
of reversals of stress with relatively large loads, end may not 
appear at all with slight loads. The slip bands may first 
appear either in the interior of a grain or at the grain 
boundary- As the number of appllcaitilons of stress increases 
more slip bands appear, and those first appearing usually 
lengthen and widen. Under the microscope and with normal 
illuminatilon the general surface becomea blacker as the num- 
ber and width of the slip bands Increase. In ductile metals 
fatigue failure Is almost exclusively through the grains them- 
selves rather than at the grain boundaries, and the first slip 
bands to appear do necessarily form a part of the final 
path of rupture. Failure seems to take place by the uniting 
of slip bands into cracks. When the first grain develops a 
crack extending across its entire width, added stress pro- 
motes the extension of this crack into adjacent grains on both 
sides, although the orientatlona of these grains may be and 
usually are such that the crack must extend Itself at an angle 
to that in the Initial grain. The general tendency is for these 
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slip bands to f<^ow the lines of cleavage of the particular 
grain (In 'which they occur. Often indpleuit fracture Is found 
in many grains adjacent to the final path of ruptuare, indicating 
that had rupture not taken place where it did, It would have 
soon taken place in some other adjacent part 
Such observations by means of the microscope Indicate ^at 
localised dejorm^wn is the primary cause of fatigue failure 
In ductile metals, but it does not utM-easarlly follow that the 
formation of one slip band under repeated stress will Indicate 
eventual fracture if the loading is continued; one grain may 
appear to have a greatly reduced elastic limit because of in- 
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temal strains or peculiarly unfavorable orientation. It la not 
certain that there is a limiting load below which fatigue fail- 
ure will never take place 

Materials classifle<1 a's hnitle have very little permanent 
deformation under static stress, and under repeated stress the 
progn»8Sive fracture <»f brittle inalerlal raighi take place, not 
by slipping within crystals, but by tensile fracture' of crystals 
There han been practkally no study made of the fracture 
of brittle materials under repeated stress, and It would be 
Instructive to have tests carrted out on brittle amorphous ma- 
terials such as fused silica and on brittle crystalline materials 
like marble or tungsten It is gradually being recognized that 
the breaking load of a specimen Is a complex mutter, and de- 
pends, among other things, on the time of application of the 
load. Mere duration of static loading, however, does not have 
an effi*ct at all comparable with repetition of kmdlng In re- 
ducing the breaking foad. It seems evident that the dlgtrltm- 
tlon of stress In some brittle materials Is very much less uni- 
form than in ductile materials, and that fructun's in brittle 
materials ritart on areas of high stress, whereas In ductile 
materials the high stresses are relieved by local yielding A 
more complete understanding of Ihe mechanism of rupture in 
brittle materials would doubtless bo of great value 

When .the action of metal under repeated stress is consid- 
ered from the view point of the liitetnal Strains and occomph- 
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uying stresses In the materlal» a radical difference is seen In 
the behavtlor of material under static load and under repeated 
load. In a general way we may consider any structural or 
machine part as subjected to static condlitlons If the load on Jt 
Is applied gradually and is not repeated more than a few hun- 
dred times; the -part may be considered as subjected to fa- 
tigue if the load on it Is applied, say, one hundred thousand 
titmes or more; and for Intermediate conditions of loading the 
phenomena characteristic of both kinds of loading would be 
present. 


We must look upon steel as filled with a multitude of minute 
fiarws. These flaws are developed In the solidification of the 
material. In static testing, steel under stress of about half 
Its ultimate strength passes Into seml-plastlc condition. In 
which there is a gradual flow of the material Under such 
eimdltions the small flaws have almost no effect upon the flow 
or upon the static strength. Whim steel is londcni to moderate 
stressses theVl^Iding is almost entirely elastic, but In general 
a small portion of it is Inelastic, energy being taken up by the 
steel Itself. If the stxcimen can be loaded a great number 
of times withcait lieat lo»s its temperature will increase. If 
it is set vibrating in a chnjuber free from nlr it will stop 
vibrating In a short time, due to the absorption of energy 
In such cases the stress-strain curve appears to be straight 
and the curve for the removal of the load may be practically 
identical with that for the application of load, but s^Ul these 
other effects show loss of energy In the steel itself. 

This loss of energy is doubtless due to small displacements 
at these flaws, which are not reversible. Under alternate 
loadings these displacements are made back and forth. En- 
ergy Is continuously being absorbed In the hxation of these 
small flaws, and it is perfectly natural that they should In- 
crease in size We must look upiin these extensions of the flaws 
as occurring in a great many parts of the efeel If the stresses 
are small the increased size of these flaws is practically negli- 
gible, but if the stresses are larger the increase is rapid, and 
later on In the history of the piece under test, very rapid, and 



FIG 0 SUORfTTIMB RETBATEID-WrRBSS TESTING MACHINE, 

finally the strength of the piece is terminated when a sufficient 
number of these flaws have connected so as to form an area 
of very great weakness. 

For static loads all the above Is of little consequence with 
a ductile metal, but it Is of consequence In the case of a 
brittle metal like cast iron, which has a remarkably low 
strength in tension in comparison with Us cmnpn^ve 
strength. Ductile metals may he considered as having a very 
high value for cohesion with n rather low coefficient of fric- 
tion — or whatever corresponds to that — so that these metals 
begin to slide on diagonal planes without actual fracture 
under high local stress 

When a ductile material Is loaded it may be subjected to 
stresses whose average values for small areas are not very 
different for parts thgl are a tenth of an Inch apart; but 
is a multitude of tiny spots whose fiber stresses are 2, 3, 
4 or 10 times the average value. This holds so long as elastic 
conditions obtain. As the appliiMl stress Increases some of 
these stresses increase in like ratio, but not In like Incre- 
ments. At moderate applied stresses these special streeses 
reach Inelastic conditions and slipping occurs. If the average 
stress is now entirely removed, we may assume that the un- 
loading takes place In a similar manner. The small spots un- 
load first In an elastic manner, but at a different rate than 
the remainder of the roalerlal. They will unload approximate^ 
ly at the same rates as they used in taking stress, namely* 2, 
3, 4 or 10 times the normal rate. Fol* the unloading they have 
about twice the range of stress that they had In the loading 
before inelastic action is set up. Some of them will reach the 
opposite limit and slip part way back again, while aome of 
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them may not be Biibject to this return slip of inelastic action, 
but will retain in the unloaded state a stress distribution of 
the opposKe kind. Either of these actions willsgive rise to 
hysteresis and to slight change of dimensions, usually, how* 
ever, too mnall to be detected. 

In all of the foregoing the main parts of the material have 
not been subjected to stresses which give inelastic action. If 
the loading Is repeated without reversal, the spots that slipped 
on the first unloading will be subjected to further slipping 
both on loading and on unloading, but the areas that suffered 
no slipping on the first unloading should show no further 
Inelastic action unless the loading is reversed. If the loading 
is reversed, however, ell the particles that slipped in the first 
loading will slip on the reverse loading, so that with repetition 
a larger number of spots undergo this slipping action than 
Is the case with loading which is not reversed. This explains 
the shorter life under reversed stress than under repeated 
stresses In one direction only. 

If the fractural surface of a "rotating beam" specimen made 
of ductile metal and broken hy repeated stress Is examined. 
It la usually seen to be made up of two parts: (1) near Che 
extreme fibers there is a dark surface with a dull, lusterless 
api>earance, while (2) the remainder of the surlhce has a 
bright crystalline fracture. If these are examined more 
carefully it Is found that their principal difference la In the 
else of the small flat surfaces that constitute the fracture. 
The center portion of the area has comparatively large sur- 
faces, giving a crystalline effect , while the dull gray portion 
has very small surfaces of fracture. 

An explanation of this is that the flaws In the outer por- 
tion of the surface have connected to form an annulus, whose 
rugged face is roughly at right angles to the axis of rotation. 
This has doubtless occurred slowly, and has started from many 
centers, thus giving the rough fhce. After this slow growth of 
flaws Into an annular fracture has been acoompllshed the 
specimen has become very weak and the stresses have become 
so large at the fracture that they suddenly tear the metal in 
two on the natural surfaces of cleavage of the crystal grains. 

The center portion of this fractured surface does not differ 
from the crystalline surface at the bottom of a cup It^ an 
ordiinary static tension fracture, except that the crystalline 
surfaces are somewhat larger. This Is to be explained by the 
fact that in an ordinarily tensile test the material at the 
fracture has elongated something like 100 per cent, so that 
the crystal grains have become of smaller cross-section and 
will naturally show smaller facets on fracture, whereas, in 
a fracture of the endurance specimen, the material has had no 
chance to elongate and the crystalline grains have their nor- 
mal size, which will be shown in fracture. It Is not the crys- 
talline portion of the broken spedmen which has failed pri- 
marily by repeated stress, but the dull portion. In the crys- 
talline part of the fatigue fracture and In the crystalline 
part of tJhe static tension fracture the failure seems to be of 
the same nature, noimely, a failure in cohesion. 

In considering the phenomena of fatigue failure it may be 
well to call attention to the fact that there Is an Intermediate 
type of failure of ductile material in which both plastic action 
and the development and spread of microscopic flaws are 
present. Such failures sometimes occur In staybolts, boiler 
sheets between rivet holes, and other parts occasionally sub- 
jected to very severe local distortion. 

LOGAUZED BTBESSR8 UKDEB STATIC TOADINO AND UNDER IMPACT 

lOADlNO. 

When a madhine member or structural part Is loaded grad- 
ually a ^te of strain and accompanying stress is set up 
fhroughotit it. In a general way the distribution of stress 
Is similar to that given by the theory of dastlc action which 
serves as a basis of oui;, formulm for computing stress and 
strain. There are, however, many deviations from this distri- 
bution due to non*boinogeneUy of the material and to irregu- 
larities In outline such as projecting corners, scmtdhes and 
tool marks. When load is applied the gmeral behavior of 


If 

the piece as indicated by careful measurements of stretdi, 
oompresslon, twist, or fieExure conforms to that redulred by 
the common theory of elastic action, but there are doubtless 
many localized strains whlth cannot be detected, even by^e 
use of d^cate micrometer meakurements. It is to be recalled 
that In measuring strains it is necessary to use a gage line of 
oonsiderable length, with the result ttiat the observed strain 
Is an average value along a relatively long line. The local* 
Ized stresses, correiq;>ODdlng to these . undetected localized 
strains, are not of any great Importance under static load. 
When the load Is Increased to such an extent that a om- 
sklerable portion of the piece is stressed beyond the elastte 
limit, the distortion of the piece increases abnormally and the 
piece may be considered to have reached its yield point 
After this limit is passed the distributloti of stress is much 
modified, and for parts made of ductile material the almortnal 
distortion at the yield point usually gives warning of struc- 
tural damage before complete failure occurs. 

Under impact loading, which is merely loading applied in a 
very short space of time, the action Is somewhat similar to 
that under static loading, except that ductile material may 
offer a higher resistance to very rapid fracture than it does 
to fracture occurring gradually through a period of several 
minutes. Impact fracture, moreover, may emphasize some- 
what the localized stresses set up at places where the structure 
of rile material is non-homogeneous, or at places where there 
are sharp notches or deep scratches In the surface of the 
piece. Under Slowly applied load there is opportunity for 
considerable adjustment and equalization of stress after the 
yield point is passed; under impact load there Is probably less 
equalization on account of the rapidity of the action, and hence 
the localized stresses are higher and more effective in causing 
failure. This explanation of the action under impact is given 
here because repeated stresses also emphasize the effect of 
high localized stress, though for an entirely different reason 

TESTS AND CRITERIA FOB FATIGUE STRENGTH. 

It was formerly the common opinion that the determination 
of the elastic limit of a material by means of a static test In 
a testiz^ machine gave a reliable test for the fatigue-resisting 
qualities of the material, and that the material could with- 
stand on Infinite number of repetittons of stress lower than 
this elastic limit. Tests at various laboratories, however, have 
quite thoroughly disproved this idea, and have thrown grave 
doubts on the reliability of the elastic limit as an index of 
fatigue strength. The term "elastic limW* has always been 
rather loosely used, and covers several quite different stresses. 
The value determined for the elaetic limit for any material 
depends on the sensitiveness of instruments used and the ac- 
curacy of plotting results, and the elastic limit as determined 
by such a teat In a testing imachlno Is determined by the aver- 
age behavior of the material over a considerable length, while 
the process of fatigue failure may be going on over a section 
so small that it does not appreciably aff^M^t the readings of the 
measuring instruments used. In several laboratories com- 
parative repeated-stress tests of different materials have shown 
higher fatigue resistance for the material with the lower elas- 
tic Umit 

Bauschlnger in his classic experiments showed that the 
elastic limltB in tension and cont'presslon as determined by 
ordinary tesring-machlne tests were variable UmltB, their 
value depending on the treatment of the material during fabri- 
cation. He called su<4i limits "primitive" elastic limits, and 
showed that when e specimen is subjected to gradually in- 
creasing range of alternating stress there are soon set up 
two elastic llimits in the bar — one in tension and one in com- 
pression. He called these limits, which may have values widely 
different from the "primitive" elastic limit, the ‘‘nataral" 
elastic limits, and the range between them the “elastic range." 
He also Showed that a test specimen will stand several mil- 
lion repetitions of this elastic range of streoa without failure, 
and proposed the "natural" elastic limits as indices oi the 
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lAtigM-rariattfig 0trwgtli of the material. J. H. Smith has 
developed a somewhat stmpUlied process of detennliiing the 
elastic range. This elastic range seems a more reUahle Index 
of fatigue strength than the ordinary “primitive*’ elastic limit, 
hut the teliahlUty of Indices of fatigue strength based on 
determinations of any elastic limit by testing-machine tifista 
is open to queaUon on account of the possibility that localised 
fatigue failure may be In progress without afFectlng the read- 
ings of the Instruments used in static testa. 

Wdhler used as an Index of fatigue strength the “endurance 
Umtf* of material as determined from a series of fatigue 
tests with dllVerent intensldes of stress. He used the method 
of plotting values of stress (S) against numbers of repeti- 
tions required for fracture {N) and determining by eye where 
this S*N curve became “practically horizontal.” Otlier Invest! 
gators have plotted values of B against values of 1/N or of 
(1/N) and by extending the diagram till it intersected the 
axis of ordinates have determined an assumed endurance limit 
for an infinite number of repetitions of stress. Both of these 
methods involve enormous extrapolation of test data. More< 
over, widely different endurance limits can be determined 
from the same test data by different methods of plotting values. 
The tendency to irregularity of test results under low stresses 
makes the decision whether the 8~N curve Is horizontal or 
slightly sloping downward one of very considerable uncer- 
tainty. 

It has been proposed by various experimenters to compare 
the fatigue-resisting qualities of different metals by short- 
time tests with stresses well beyond the yield point of the 
material. Such tests are quickly and easily made Under 
such stresses, however, the action of the material Is partly a 
plastic flow.* Such testa give good promise of determining 
fatigue strength and toughness under occasional overload for 
parts such as staybolts, which in their ordinary service are 
subjected to rather severe distortion, but It Is not at all certain 
that such tests give a reliable Index of resistance of machine 
parts under ordinary working stresses. 

It has been proposed by ^arlou8 laboratories to compare the 
fatigue strengths of various mateiials by comparing Ihelr life 
under repetitions or revei’sals of home standard stress, usually 
less than the elastic limit of the material as determined by a 
static test A somewhat similar standard proiiosed Is to deter- 
mine the stress which will cause failure under a given number 
of reversals Standard stresses proposed for steel are 38,000 
lb. per sq. In. (reversal) and 25,000 lb. per s<i in. (reversal). 
One rallllon reversals has been proposed as a standard “life.” 
These.' two types of test approach working conditions more 
closely than do the short-time, high-stress tests described above. 
However, they det<*rmine only one point on a S-N diagram for 
a material and do not indicate how fatigue endurance changes 
with change of stress. 

A comparative study of fatigue strengths of various ma- 
terials can be made from a S-N diagram plotted on logarithmic 
paper. Up to about 1,000, 000 repetitions of stress logarithmic 
S~N diagrams fall quite closely along straight lines, and from 
the ordinates and slopes of these lines the behavior of ma- 
terials under various intensities of stress can be studied. 
Tests may conveniently be made with atresses at about the 
yield i>olnt of the material, at stresses about 20 per cent lower, 
and at one or two Intermediate stresses. 

Various other possible tests have been proposed for determin- 
ing the fatlgue-reslstiag strengtli of a ma/terial, but no test 
has been proved to be of sufficient reliability to be accepted as 
a standard. A number of tests, however, seem worthy of 
experimental study. 

The rate of dying out of vibrations in a “tuning fork” speci- 
men of tbe material has been suggested as a possible index of 
fatigue strength. It la assumed that the gradual dying out of 
vibration is due largely to loss of wiergy spent In Inelastic 
action In the material, and that such Inelastic action Is a 
measare of the fatigue weakness of the material. Test data 


are lacking to determine the value of tlds test, but it seems 
worthy of study. 

Tests of magnetic permeability have also been proposed to 
locate internal flaws in the material and thus Indicate its 
relative fatigue strength. The entire subject of the correlation 
of the magnetic and the mechanical properties of Iron and 
steel is a promising field of investigation 

The rise of temperature under repeated stress has likewise 
been proposed as a measure of fatigue resistance'. , Theoret- 
ically, if a specimen is subjected to reversed elastic stress 
no change In temperature should take place, and it has been 
proposed to determine the endurance limit for metals at that 
stress which causes the first noticeable rise in temperature 
after some thousand or more reversals. A practical difficulty 
in using tills test is to secure proper heat Insulation for the 
specimen. This test seems worthy of study, however, espe- 
cially If employed in an inertia type of testing machine (see 
Figs. 8 and 4). 

The detection of the appearance and growth of “slip lines” in 
a specimen subjected to repeated stress gives some promise of 
fumiahlng a reliable test for fatigue strength. Slip lines ap- 
pear long before fracture occurs, and if their appearance or 
the rate of their spread can be shown to be an Index of fa- 
tigue strength it seems possible that a feasible laboratory test 
may be devised. The search for slip lines over any considera- 
ble area would, however, be very tedious. 

Impact tests, usually on notched bars in bending, have been 
proposed as an Index of fatigue strength The actions under 
impact failure and under repeated stress are very different, 
the first giving a sudden break of the entire crosa-soctlon of 
the specimen, and the second a gradually developing fracture. 
Both failures, however, seem to be affected by locallzeii flaws 
or Irregularities in outline, and though no definite correlation 
between fatigue strength and strength to resist impact has 
been established, yet such tests nre \YorLhy of study. Re- 
pcoted-limpact te»ts have also been proinmed to detennlne fa- 
tigue strength, hut whether sii<*h tests have any advantage 
over short-time tests under non impact loads is not known 

In all testa to determliw' fatigue strength it Is of the highest 
lmiK)rlance to secure uniformity of surface finish between the 
dlfferi nt specimens to be ccumpared Probably this can best he 
done by polishing tlie surface of the Hpe<‘ifnens whore failure Is 
expected 

There is tmlay no short4ime test accepted as a standard test 
for fatigue strength; but the do^eloplnent of such a test, und 
the establishment of its reliability, would unquestionably be 
of very great service to testing engineers 

LOCAL17fD STHESS ANI> ITH INKUTENtE IN PROOrciNO FATIGUE 

The ordinary formula* and ineihocls of aiial>sis used In com- 
puting the liber strc'ss In a machine part or strintural mem- 
ber are Imsed on the assumption that the material is homo- 
geneous throughout, and that tl»e cross-t,**ctlon of the member 
is either omstunt or that it chnngos Its dimensions so regularly 
and gradually that there is no appreciable localized fiber stress 
at sections of rapid change For structures and machines of 
ductile material subjecte^l to not more than a few hundred 
loadings, such assumptions are reliable, because localized 
stresses do not api>reclably affect the general deformation of 
a member, nor do the^ undci oidiuary working conditions cause 
trouble before the member has been subjected to some thou- 
sand or more repetitions of load For nearly all parts, how- 
ever, high localized stresses are present Internal flows may 
cause such localized stress^'s. This is shown by mathematical 
analysis of stress in plates with holes in them and by direct 
experiment on such plates. External Irregularities of outline 
may cause localized stress. Under bending or twisting a mem- 
ber with a sharp rel^ntrant angle in its outline theoretically 
develops an infinite stress at the root of the angle, and actually 
both mathematical analysis and direct experiment show that 
very high localized stress may be caused by sharp grooves or 
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BCTatches on the surface of a machine ixirt or structural 
iiienift)cr. 

It has been stated above that for parta subjected to a few 
loadings localized stresses are not of great slgnlilcancei. l%e 
case is quite different, however, for i>arts subjected to thou- 
sands of loadings. High localized stress may cause a crack to 
start, either directly or by "cold-<worktng” the material where 
the localized stress exists until the material becomes brittle. 
This crack forms on extension of the discontinuity of the 
material which caused It, and under repeated stress tends to 
spread still more rapidly. This tendency la Illustrated by the 
action of a piece at plate glass In which a crack has started. 
In most cases under any repetition of load the crack spreads, 
and will cause final fracture of the glass. A fatigue failure 
under repeated stress is a progressive failure. This spreading 
of cracks to cause failure explains why under fatigue even 
ductile materials snap short off. Failure does not involve 
plastic flow of considerable masses of metal, but only of micro- 
scopic masses near the crack, and final fracture comes suddenly 
Just as If the member were cut half off by means of a saw 
cut and then bent. The Importance of avoiding localized high 
stress In members subjected to repeated stress can hardly be 
overemphasized. Homogeneity of Internal structure, smooth- 
ness of external surface, and avoidance of sudden changes of 
croscHsectlon may be more Important in the construction of 
machine parta subjected to repeated stress than Is high static 
strength of material. 

Shoulders of crankshafts and of axles, keyways In shafts, 
screw threads, and rivet holes are examples of locations 
where high localized stress Is liable to occur. 

BELATION BETWEEN MICBOSCOPIC 8TBUCTUBE AND FATIGUE. 

A very large field of Investigation and one in which very 
little systematic work baa been done is the study by means of 
the microscope of f%tigue failures in various characteristic 
structurea of roetala, especially steels. The following para- 
graphs are given as a summary of the theory held by present- 
day metallographlsts of the relation of mlcrostracture of metal 
to its fatigue strength. Many of the detatla of this theory, 
however, lack adequate experimental verification. 

Annealed steel consisting of ferrite (pnre iron) and cementlte 
(Iron carbide, FetO) seems to Increase In resistance to fatigue 
w^h the increase In carbon content, eiqieclally when the ce- 
mentite is present In the form of plates as In lamellar pearlite 
and BB long as the cementlte does not surround the grains of 
pearlite. When the cementlte Is epheroldlzed, the elastic limit 
Is greatly decreased and probably the resistance to fatigue Is 
also decreased As a structural material, therefore, a steel 
with considerable caibon in the form of spherical globules of 
Iron caiblde would have practically no advantages over wrought 
Iron. When, however, the Iron carbide Is in plates It seems 
to have a marked effect in raising the elastic limit, and prob- 
ably increases the resistance to fatigue. We would also expect 
that complete and large networks of ferrite would lower fa- 
tigue resistance. 

The same arguments regarding grain size of single constit- 
uent metals hold to a certain extent for two compMtent alloys. 
For example, such experimental evidence as Is available in- 
dicates that the aotbltle structure In steel Is the one which 
resists fatigue best. This stimcture Is supposed to represent 
an extreme refinement of gnin In which the partldes of Irra 
carbide are very small, and hence the particles of ferrite must 
also be very small. It Is true that some of the Iron caiblde 
may be In solution In the Iron, but it is more probable that 
the mechanical properties observed can be accounted for by an 
extreme reduction In the size and by the dispersion of ferrite 
and cementlte paitlcles. When these globules are made larger 
by heat^qt;[1lo a higher temperature than that at which the 
soiblte Bis formed, granular pearlite results with reduced 
fatigue resistance. 

When a high-carbon steel Is quenched from above the crltleal 
range to form martensite, the metal becomes extrsmely brittle. 


The normal path of statle rupture in brttlla marteneite la at 
the old austenite (solid solution of FSyO In esama Irsa) grain 
boundaries. The path of rupture In ilstlgue bsA so lar as Is 
known, not been ascertained. From certain tests on the re- 
sistance to fatigue of dhrome-vanadlum steel after various heat 
treatmenta, Dr. O. M. (Mmstead of the O. M. O. Physical LatN»> 
ratorles, Buffalo^ found that the steel In the martensite state, 
that Is, as quenched, bad a very much lower reaistanoa to fa- 
tigue than after reheating to about 1,100 deg. Cahr. The maxi- 
mum resistance to fatigue occurred by qumdilng and reheat 
ittg to 1,(X)0-1,200 deg. fahr. (088-048 deg. cent), and there was 
very little dlfTerence between the specimens tempored at 1,600 
deg. and at 1,200 deg. There was a marked dllfermice^ how- 
ever, between these and the samples tempered at lower tam- 
pratures or those not tempered at alL ThlB is the heat treat- 
ment that Is commonly given to automobile parts which must 
withstand fatigne streases, and which may be subjected to 
shock. The tempering of springs Is done at a little lower 
temiierature^ but It to not certain that the spring structure Is 
the one having the highest resistance to continued repetition 
of stresses. 

It seems from the above that martenrite Is not a suitable 
material to withstand fatigue stresses, and ttiat some inter- 
mediate structure between martenrite and the annealed <ur 
normalized structure will have the maximum resistance to 
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fatigue. This structure Is called the sorUUc structure and 
corresponds to that used in automobile springs and other parts 
of automobiles which must resist fatigue and shock stresses. 

FOBUULSt FOB DE8I0N1N0 PABTS SUBJECTED TO BBPBATED STBBS8. 

All formulae which have been proposed for designing parts 
subjected to repeated stress depend upon extrapolation from 
test results and should therefore be regarded as tentative. 
Their use Is Justified only on the ground of neceeslty. Parts 
must be designed ilo resist repeated stress, and even formule 
derived from a confessedly inadequate experimental basis 
seem better than mere guesswork. Two types of formula have 
been used. 

In many discussions of data of repeated-stress tests, it Is as- 
sumed that there exists some definite “endurance limit,*’ that 
is, some stress^ greater than zero, which can be repeated an In- 
finite number of times without causing failure of the material. 
If such a limit exists It Is certainly lower than the elastic limit 
of the material at determined by static tests, for actual fail- 
ures of materials have occurred under repeated nominal 
stresses as low as ime-qaapter of the elastic limit as deter- 
mined by a Btattc test Examination of test data indlcatea 
that the endurance limit is an assumption rather than a proved 
fact It is usually determined by plotting a diagrom with 
stresses as ordinates and number of repetitions producing fktl- 
ore ss abseijuto and estimating the stress for whlrii the dia- 
gram semns td become horizontal. Various otbmr msriiods have 
been pn^iosed, hot aU involve tbto assumption. 

In 1810 a paper imsented before the American Society for 
Testing Materials pednted out that an examination of the rs- 
salts of numerous series of repeated-stress tests Indlcstes that 
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for neftiiy All the range covered the law of resletance to re- 
peated atresB may be expressed by the equation ; 

S s= ir y — m 

In which 8 Is the maximum unit stress developed In the test 
N the number of repetitions of stress necTessary to cause 
fallurei and JT and m are constants depending on the material 
and eomewhat <m the manner of making the test. This is 
known as the “exponential equation for tepeated stress.*’ 

Another form of expression for the above equation, and fre- 
quently more convenient, is: 

log fir = log /c — w log y [2] 

If the logarithms of fir and N are plotted, or if the values of 8 
and N are plotted on logarithmic cross-section paper, Equation 
[2] la represented by a straight line. In Fig. 6a ordi- 
nary coSrdlnates are used, but In Pig. 66 the oodrdlnates 
are logarithmic. For large values of N the exponential equa- 
tion gives In many cases values of fir smaller than the Observed 
values; In other words, the exponential formula seems to err on 
the side of safety. 

It will be noted that the use of the exponential formula In- 
volves the assumption that any stress if r<q)eated often enough 
will evontually produce failure of the material. Thus while 
both the endurance limit and the exponential formula are 
based on extrapolation from known data, the exponential 
formula aeems to be an assumption on the safe side The 
working stresses as developed by the two methods do not 
differ greatly except for members subject to more than ten 
million repetitions of stress. Above that number the expo- 
nential formula requires lower working stress, but even then 
the stresses given by the exponential formula are not im- 
practicably low. 

While nothing but tentative formulae can be proposed now, 
some features which a satisfactory formula for fatigue strength 
should Include may be noted. It is probable that such a 
formula for any material will not depend on ordinary static 
qualities of the material such as elastic limit or tensile 
strength. It may depend on some form of elastic linflt deter- 
mined after the material has been put in a “cylic** or “normal- 
ized”’ state by a number of reversals of stresa Such a form- 
ula will quite probably contain factors dependent on the sur- 
face finish of the part and upon the uniformity and regularity 
of Its crystalline structure. It will contain a factor dependent 
on the range of stress during a cycle. Such a formula may 
contain a factor dependent on the probable number of repeti- 
tions of stress which the part may be expected to withstand 
during a normal i>erlod of service, or the result may be an 
’^durance limit" — a stress which the part Is capable of 
withstanding so many times that even for modem hlgh-sp^ed 
machinery the number of repetitions may be regarded as In- 
finite. 

SPECJAI. SUBJECTS NSEDIBO INVESTIGATION. 

Long-Time^ Lotc-Stresa FtUigue Te$t$ of MetaU. It Is not 
known today whether machine or structural parts can with- 
stand an Infinite number of repetitions of any stress, however 
small. It Is not known what share of blame for the occa- 
sional failures of test spedments or of actual parts In service 
under low nominal stress should be attributed to weaknesses 
in the metal structure to localized damage to the surface 
with resulting increase of localized stresa over nominal stress, 
or to “harmonics” of high stress due to interference of waves 
of stress ttavellng through the part There should be under- 
taken an extensive series of long-time, low-stresa tests on 
typicid Irons, steels, and other metals. It is doubtful whether 
any s^ies of tests can settle the question of the existence of 
an endurance limit but a canslderable amount of test data 
for efidurances up to, say, 100,000,000 repetitions will give a 
better tests for-worktng formulie than is now available. 

8Miil and ComparUon of Different Teating MaoJiAnea for 
FaHgud TjoaU. Different testing machines for determining 
fatlgaeeesfsting qualities do not always give consistent re- 
sults. A series of tests of samples of several typical metals 


run on various testing machines should give some Indications 
of the reliability of various types of testing machines and 
perhaps enable correlation to be made between tests on differ- 
ent machines. For all series of fatigue tests careful chemical 
and microscopic tests of the material should be made to In- 
sure uniformity both of chemical content and of structure. 
Careful tension, compression, and torsion tests should also be 
made so as to insure uniformity of static strength qualities, 
and to give data for the study of correlation between static 
strength and fatigue strength. Short-time, high-straln, re- 
peated-stress tests and impact tests should likewise be made 
to give data for the study of correlation between toughness, 
impact resistance and fatigue strength. All test specimens 
should be prepared with great care and surface oondltiona be 
kept as uniform as possible. It appears that this uniformity 
could be best secured by giving the surface a high polish. 

Relative Importance of Surface Condition and Strwtural 
Characteriatica aa Shown by the Microscope. It seems prac- 
tically certain that fatigue fractures may be started either at 
a surface imperfection or at an Internal flaw, such as a 
“snowfiake" or a “transverse fissure.” The Importance of 
these two types of defect might well be the bbject of experi- 
mental study. In connection with such a study there should 
be a study of methods of detecting Internal flaws, such as 
deep etching, and a study of methods of indicating the degree 
of perfection of surface finish. 

Effect of Grain Size of Metal on Fatigue Strength. On this 
subject Rosenhain says: 

^“The question then arises whether the increased size of 
crystals produced In a simple metal by prolonged heating Is 
injurious or otherwise, so far as the useful properties, and 
more especially the mechanical properties, of the metal are 
concerned. There can be little doubt that within reasonable 
limits the mechanical properties of a simple metal are better 
the smaller the constituent crystals of which it is built up. 
Under the teuelle test, coarseness of structure usually results 
only in a slightly lowered yield point, while the ultimate 
stress and the elongation are little impaired, although the 
reduction of area at fracture is sometimes markedly less. On 
the other hand, under both shock and fatigue tests, a coarse 
structure, even in a simple metal, gives unsatisfactory results.” 

Tests and service records quoted by Jeffries and by Ruder 
tend to confirm this opinion in the case of copper. Flpe- 
grained copper is very much more resistant to repeated 
stresses than coarse-grained copper. Also if the elastic limit 
of fine-grained metals Is determined by delicate instruments^ 
it is generally found to be greater than that of the same 
metals in the coarse-grained state. Systematic tests should 
give us a firmer basis for conclusions in this important phase 
of fatigue phenomena. 

There have been found no records of microscopic analyses 
dealing with the path of rupture under repeated stress In 
steels having various structures from martensite to the nor- 
malized state A study of the path of rupture end the manner 
of rupture in these samples would be most interesting. 

Development of Special Teata for Fatigue Strength. At pres- 
ent there is no short-time test for fatigue strength which has 
been proved to give reliable results. Some tests which give 
promise of usefulness are: 

1. The Rlse-of-Tcjmpemture Test used by Mr, Stromeyer. 
In this test the highest reversed stress which a specimen can 
stand without appreciable rise of temperature Is taken as an 
index of fatigue strength. 

2, Tho Development of “Mechanical Hysteresis.” If a 
fatigue failure Is in progress In metal subjected to repeated 
stress, very small amounts of energy are lost during every 
cycle of stress. The energy lost during each cycle may be 
too small to measure, but after some hundreds or thousands 
of cycles the cumulative effect of the losses may become ap- 
preciable. This loss may appear as a “loop” In the stress- 
strain diagram for a complete cycle of stress, and this Indica- 
tion may be detected at a comparatively early stage of the 
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fatigue failure. Dr. Stanton of the British National Physical 
Laboratory has made some experimental study of this de- 
velopment of “metdianlcal hysteresis,” as this loss of energy is 
called. It is possible that mechanical hysteresis may be 
studied by the dying out of vibrations set up in a test pieces as 
has been proposed by Boudouard. 

3. Magnetic Testing of Steel for Fatigue Strength. The 
structural damage done while a progressive fatigue failure is 
occurring may, ijosslbly, be detected and measured by the 
change In magnetic permeability of the steel. Burrows, Dud- 
ley, and Sanford have done some experimental work on this ^ 
subject, and magnetic analysis seems worthy of study as an 
Index of fatigue strength. 

4. Impact Tests and Repeated-Impact Tests. Although the 
action of metal under impact Is very different from Its action 
under repeated stress, yet both impact and repeated stress 
seem to emphasize local Irregularities and Imperfections of 
surface or structure. It may be that a repeated-impact teat 
may bo devised which will give a reliable measure of fatigue 
strength, and which will do so In a comparatively short time. 
Such tests seem worthy of study, though their value as testa 
of fatigue strength cannot be said to be established. 

It Is believed that the foregoing paragraphs outline funda- 
mental Investigations, many of whi<* should he undertaken at 
an early date. Experimental study of typical metals under 
long-time, low-strcas tests, study by means of the microscope 
of the phenomena of fatigue failure In metals of various crys- 
tal structures; and study of reliable test methods of deter- 
mining fatigue strength constitute, in the opinion of the com- 
mittee, the fundamental line of research In fatigue phenom- 
ena. Once such fundamental tests have made fair headway, 
especially the determination of a reliable test for fatigue 
strength n large mtmlier of prolrfenw call for study 


A TRIGONOMETRIC COMPUTER. 

Uy F. E. Wkioht, Geophysical Laboratory, Carnegie Institution 
of Washington. 

The solution of spherical triangles by the logaritlimlc com- 
putation of trlgotiomeitrlc formulas Is at liest a time-consum- 
ing process, especially If there ho many such triangles to 
solve. In case high precision Is n*<iulred no other method is 
available, but If only approximate results are desired, graph- 
ical methods may be uschI, stub a-s an exact projection net; of 
these the stereographic net published by G. W. Llttlehales' Is 
the most acxiurate and furnishes results correct to about 2’ of 
arc under fawrable conditions If the results arc to be cor- 
rect within one-half inlnule of arc graphical metJiods are not 
adequoto and n>course must be had either to computation 
or to some mechanical device of high precision. 

In crystallographic work the degree of precision is of the 
order of magnitude of l^'. In the measurement of the changes, 
in crystal angles wWh temperature the position of each crys- 
tal ftice Is determined on the two-cirde gonaomoter by means 
of two angles (polar distance and azimuth). Having given 
the poslitlon-flnglOB of any two faaa, the angle between them 
can be found by the soluUon of a spherical triangle. 

In 1918 the writer had owoalon to solve many triangles of 
this typ**, and to wi\e time had a mechanical computer con- 
structed In the Instrument shop of the Geophysical Laboratory 
This Inatriiment lias proved to be satisfactory In practice for 
the solution of oblitjue spherical triangles In which three ol 
the angles are giv«‘n and the value of any one of the three 
remaining angles is sought with a precision of about half 
a minute. The computer was designed for, and functions best 
In, the solution of the problem; given two sides and the In- 
cluded angle of a spherical triangle; find the third side. 

Deacription of In$trumetU.—JL photograph of the Instrument 
la reproduced In the accompanying engraving. It coosl'sts es* 
sentially of three concentric graduated circles which can be 

iljSStnd^ azimuth, and geographical poeltlon. J. 8. tlpplucott 
Ottapany, Philadelphia, 19Qe. 


inrilned at dlUbnat asglaa one to the other. The Inner drde 
I la horizontal and can ha rotated abont a yarttcal axis. The 
outer circle III fits in tha semdclntular groove D and la tree 
to turn In this bearing, the angle of turning being read aB 
on the vernier at S, B; ihe dmdd in Us bearing can also be 
rotated atiout tha horizontal axis F, F. The IntennedUvta 
circle II is Dot a oonsdeta drde and is ailitached to the clrele 
I by the horizontal axis G, G, and to the drde III hy the 
axis H. The anglca rota-tioa and revolution of tbeee drdes 
can be read off on appropriate vernleni. The drdes are 
equipped wtth clamp screws and dow-motlon devices for tha 
aocoTate setting of angles. 



INSTBUMENT POE COMPUTING SPHERICAI. TRIANGLES 


The following steps are taken to solve the problem: given 
two sides 0 , b, and the uiclmhnl angle 0 of a i^herlcal trian- 
gle; desired the third side v 

Set <he fliree circles at wght angles to «ach other — all 
verniers reotHng 90*. Turn circle III about the'horlzontal axis 
to the position where It Includes the angle C with the horizon- 
tal circle I (angle read off on the vernier of drde 11). 
Turn circle II in its bearing until axis II Includes an angle a 
with the axla F, F; turn horizontal drde I about Us axla 
until axis O, G Includes the angle b with the axis B. The 
angle B-O is then tlie di'slred angle c. The entire operation 
requires about one minute and Is simple and readily checked. 

The instruraent is necessarily one of high precision, and 
first class workmandiip Is required to produce a satisfactory 
computer. In its construction core was taken to Include ade- 
quate adjustnanit fadUtles such that the Instrument can be 
readily adjusted In ease of wear. The instrument is mounted 
on a heavy cast-iron bast*. , 


ELEOTRIO POWER FROM TIDAL CURRENTS. 

Tests carried out In the River Mersey with the Clarkson 
tidal turbine have shown that electrical power can be obtained 
from ddal currents at an estimaited cost of less than a penny 
per unit 

The turbine consists of rows of buckets or paddles atladied 
to endless cbalns, these running over sprockets mounted on a 
floating framework. There Is thus a lower new of backets Im- 
mersed In the water, and an upper row out of t^ water travel- 
ing In the opposite direction. It to the pressure of the current 
acting on the buckets which causes ^e sprocket diafts to 
rotSrte^ and so enables a dynamo or other apparatus to bs 
driven. By the nse of reversible mediantom, the turbine may 
be adapted for generating raergy equally weH on on ebbing 
or a flowing tide.— Abstracted by The Teehnieal Bevieto frmn 
Practioal Engir^, Nov. 27, 1919. 



Photo-Micrography Without a Microscope* 

Simple Apparatus for Low Power Magnification 
By G. Ardaseer 


W ITH low-power photo-mloography— say, up to x 12—e 
mtcroscope is not generally necessary, and any pho- 
tograptier who possesses a short-focua lens of about 
Inch focal length, and a camera with long extension, can set 
about doing quite successful work. The writer used for such 
purposes a Volgtlkuder Oolllnear of 70 mm. focal length— say, 
2 4/5 Ins. — and with a triple extension half-plate camera of 28 
Ins. when fully racked cm>t he gets a magnification of x 7 with- 
out any additional extension device. The extensions are 
readily calculated from the formula (M 4- 1) / = distance 
ibetwecn ground-glass screen and, for convenience, lens dia- 
phragm, where M is the numlber of desired magnification and 
/ the focal length of the lens. 

Oonsequontly for x4 the extension should be 14^ 


(1 

“ x5 

44 

41 

16 4/5'' 

ti 

“ x6 

II 

44 

19 3/5'' 

44 

“ x7 

41 

14 

22 2/5" 


Of course, with a lens of shorter focal length, such as an 
Alfils 2 in., the magnifications will be greater with the same 
extension. 

To rig up the apparatus it is best to have a base-board, 
along the centre of one side of which a line is ruled length- 
ways This simplifies centering the light and the object. 
The latter Is held In some kind of holder, which will allow 
It to be adjusted to the axial Hue of the lens, and the illuml- 
nant is also adjusted to the same line. The diagram (Fig. 1) 
will indicate what Is mi'ant. AB Is the toasdboard, CD the 
camera. F, a tubular extension to fit camera and take lens 
L, H the sUde holder, shown In detail in Pig. 2, and Z the 
illumlnant. The tubular extension used by the writer con- 
sists of a piece of a stout cardboard tube — originally that In 
which broinlKle paper was imcked — about 6 1ns. In length and 
2% ins. diameter, and cut off accurately square; one end 
glued into a wooden camera front-piece and the other end 
fitted with a wooden disk with central hole to take the lens 
flange. It is Important that the lens axis should be truly 
horizontal, and care must be taken to keep the disk end 
square with the tube The object holder must have a hole 
about IVj in. cut, but wltli its center exactly level with the 
height of the lens center above the base board The holder 
can be fasteneil to the base Ixmrd, or Its base may be weighted 
to give rigidity. The light — the writer uses an Inverted in- 
candescent mantle— slides upon a rod on a heavy square base. 
If runners are attached to the base board, between which 
the holder and light-standard can slide, matters are made easier 
In adjusting the illumination. The camera Is clamped to the 
base-t)oard, and the whole arrangement Is such that the cen- 
ter of the focussing screen, the center of the lens, tlie hole in 
the holder, and the light are m one straight line. There Is a 
small ledge, LL (Fig. 2), on the holder on which to rest the 
slide, end two curved pieces of watch spring. SS, are screwed 
upon it to maintain the slide In a vertical position. 

A penciled cross la marked on the ground-glass focussing 
screen at the Intersection of Its diagonals. The light Is cen- 
tered by focussing it on to the screen and moving It up or 
down or sideways untH the Image of the mantle is central 
with the cross. A piece of cardboard 3 ins. by 1 In., with a 
small hole in the center, is placed in the holder, with this 
hole central to that in the holder, and the same focussing and 
adjustment of the holder is to he observed. The object — say, 
a section of wood — ^Is placed in position, focussed first by rack- 
ing out the front of the camera and a final sharp focussing— 


seen best through a focussing glass, set to give a sharp Image 
of the penciled cross on the ground glass — is effected by rack- 
ing the back of the camera in or out until every detail Is 
Sharp. The Ug^t is cut off, preferably by Interposlug a piece 
of black card against the lens and between it and the object 
The dark slide is inserted, the shutter withdrawn, sufficient 
time allowed to admit of all vibration ceasing, and then the 
card withdrawn and exposure made. The card Is then re- 
placed and the shutter closed. In many cases where the ob- 
ject is colored a color filter is almost a uiKresslty, and a 
small holder for It, somewhat similar to the object holder, 
can easily be Improvised. The filter should be placed close 
to the object (F in Fig. 1 ) and between it and the light For 
mounted Insects — generally of a yellowish color — a KS'fllter is 
very useful The Wratten series of M filters, although in- 
tended for M panchromatic plates, are almost essential for 
successful results with other plates 

For opaque objects the light or lights are placed at the 
sido of the camera, but behind the lens, so that no direct light 
falls into the lens, and sometimes a couple of lengths of mag- 
nesium nbbon burned one on each side will give excellent 
results In fact, the procedure in this case is similar to that 
of copying. In a short article minute details cannot be 
entered upon, but there is one ix)lnt, exiiosure, which is most 
important. Insufficient exposure Is fatal to success, and the 
Judicious waste of a few plates, In the sense of two or three 
strip exposures on one plate, will do much to give an Idea of 
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the correct time to expose. This, too, Is governed to a large 
extent by the color of the object, yellow, red, or brown 
objects requiring a very long time as compared with white, 
grey, or blue. 

When focussing with the focussing glass It is very con- 
venient to cement one or more mlciwcope cover glasst?« with 
Canada balsam to the ground-glass side of the screen, and 
to focus the aerial imago so produced. The writer, however, 
generally uses a focussing scretm of his own make, as described 
by him in the Journal of June 27 last. He ft^ls sure that any 
photographer who tries this nw^thod of low-power work will 
not stop there, but will desire to have a microscope as well, 
and wed It to the caraora 


IMPROVED WEHNBl/T INTERRUPTER. 

A NKW form of Wdhnelt interrupter waa exhibited by 
Mr, Newman at the met^ting of the Physical Society on Deo 5 
laat. Owing to the rapid dleintogratlon of the platinum wire 
and because the current required for the working of the coll 
ts large, itlie Webuelt interrupter is not generally used. In 
the modified form, a plate of aluminum, having an area of 
50 sq. cm IS substituted for tlui lead plate, the other electrode 
being platinum wire sealed in a gloss tube. The electrodes are 
imroersod In a saturated solution of amnK>nlum phosphate 
made alkaline \viith ammonia. The Interrupter works equally 
well with direct or altemoUng curpcnts. The minimum po- 
tential dlffeircDce required is 18 volts, but the frequ^cy of 
the interruptloine increases wlitlh the applied voltage. — ^Ab- 
stracted by The Technical Revieu? from The Chemical 


^Beprlnted from The BrM§h Journal of Thatography, 
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Measuring the Relative Wear of Sole Leathers* 

Results Obtained with Leather from Different Parts of the Hide 

By R. W, Hart and R. C. Bowker 


T he quality of aolo leather is affected by many factors^ 
such as the breed of the animal, Its mode of life, the 
time of killiug, the metliod of preserving the hide, and 
the kind of tannage. A very important liaotor which Influences 
the durobillty odT any particular sole Is the part of the hide 
from which it Is cut* It is a dlfflcuit problem to measure 
the wear of sole leather and generally It Is aecompllahed by 
ootnal service tests on individuals. Such a method takes 
considerable time, end the value of the results obtained is 
often uncertain on aooount of Wie many unoontpollable varia- 
bles occurring in tlie types of service and among the individu- 
als wearing the soles. The development of a aim>ple mothtjd 
for quickly determining tlie dumhHUty of sole leather seemed 
desirable, andi this paper dlscuases e laboratory apparatus 
designed for this purpose and also presents the results of 
tests made to date to determine the relative wear of leather 
from different parts of a hide. 

WEABINQ-TEST MACHINE. 

A machine has been developed at Bureau for testing the 
durabiltltty of sole leather wilth the idea of subjecting the 
leather to shearing action during the wi'ar similar to that 
ocpurring In service on slices and at Wie same time acceler- 
ating the actual wearing away of the maiterlal so that an In- 
diioatioo of the duraibiUtty of the specimen might be obtained 
In about 24 hours. The machine ns first designed (Fig. 2) 
embodiod a cam of clover-leaf shape, to whiich tlie samples 
were aittxiohed, and which rested on a horlxontal disk having 
an abrasive surface of cement. The difficulties with this de- 
sign were that the samples were submitted to a bumping 
ectioii which caused the wear of each sample to be so local- 
ized thait It was often worn through on one end Iwjfore the 
other end showed appreolahle wear, that no means was pro- 
vided for removing the material worn away, and that the 
abrasive material soon wore smooth which caused a longer 
time to be necessary for a test. The machine (Fig. 1) as 
later developed and as now used Is desesribed as follows : 

A whM of 154nch diameter carries on Ihs face 12 test 
pieces. The wheel revolves at the rate of 30 revolutions per 

^r^nologlc Paper No 147 of the Bareta of etandardo. 


mkiute nlbout a horizontal axis with its bearhigs In two paral- 
lel metal bans which are .pivoted at ooe end, the other end 
being free. The wheel carrying the weight of the bars (end 
any addltloml weight that may be suspended from their free 
ends), rests on a horizontal disk of 13-Inch diameter, the 
point of contact being 5>A inches from the axis of the disk. 
This disk has a surface of carborundum, and rotates about a 
vertical axis on which is a brake wheel provided with a brake 
strap, by means of wMch any desired resistance to rotation 
may be secured by the apidicatlon of dead-weight The wheel 
is driven by a chain and in turn drives the horizontal disk with 
which the test pieces are in contact The apparatus Is 
designed with the view of subjecting the test piece to (1) 
a driving (Bhearlng) action under prefigure, and (2) a slight 
abrasive acTtlon resulting from the circular patli of contact 
between the wheel and disk. The conditions of pressure and 
shear may be adjusted as desired. A circular brush Is shown 
reciting on the carborundum disk. This brush in connection 
with a small exliauster tends to keep the surface of the 
wearing disk clean. 

A test usually consists of 40,0C0 revolutions of the wheel 
which corresponds with 40, COO steps, or approximately 40 
mdles of walking. 

Tho suhstliturion of a who*i for the cam eliminated the 
bumping action but retained the shearing action and resulted 
in a more even and smoother operation The use of a wheel 
allowed more specimens to be tested at one time, the entire 
surfaces of which were subjected to the wearing action. 
By using caiborundum for an abrasive, a material was ob* 
talned which did not become dull or smooth quickly and which 
could be resurfaced with an emery-wheel dresser. 

A small suction fan and circular brush were added to the 
equipincat In order to remove the dust caused by abrasion. 
These ImprovenaentB permitted the wearing conditions to be 
more uniformly maintained. 

METHODS. 

Sole leather is generally sold In the form of bends. A bend 
Is a half of a hide with the shoulder and belly portions 
trimmed off, the remaining portion being suitable for soles. 


230 





BfASCH, 


SOIBNTIl^ AMSBIOAN MONTHLY 


281 


In the teete ctmdocted eatu^yles of leather ftx>m dlft^ent loca^ 
tIoM on a bted were used ^ determine th^r relative duia- 
blllty or TeeUitanoe to wear. tVhen a whole bend was tooted 
the general echeme was to divide It into bloclca, ae illustrated 
In Fig. 3. Badh block was stamped with a code numbert 
which Axed Ma location on 'the bend. When using the clover- 
leaf^apod cam for holding the samples, test pieces approx* 
Unate&y 24 by 6 cm. were required and they w'ore attached to 
the cam by a clinching device. Test pl<»ce» for use with the 
wheel wesre about lialf as long and were attached by means 
of four countersunk screwB, In either case the samples were 



FIG 8. A BRND MAiaKEr> OFF FOB MACHINE WEARING TEST 


In view of these facts it seems reasonable to believe that 
the machine may properly be used to indicate the relative re- 
siatance to wear of different leathers. 

Oicinp to Umitationt of apace the deacription of the aeriea 
of teata with the two maohinea are onUtted — Eottob 


MANUFACTURE OF BUILDING STONE OUT OP CINDER 

OR SLAG. 

The present scarcity of building material has led to a new 
form of industry In Germany, At some large gas-works, nota- 
bly at Heidelberg, B^tlrth, and Stuttgart, and other works 
where cinder or slag Is produced, the manufacture of artificial 
building stone has been undertaken. 

The stone is produced in blocks of a convenient slxe, 
usually 10 by 12 by 25 centimeters. It is fonned of a definite 
mixture of cinder and cement, with either sharp sand or lime- 
stone. Its resistance varies, according to the composition, 
from 20 to 60 kilograms to the square centimeter. Thus 1 
cement to 8 cinder gives a resistance of 205 kilograms, while 1 
cement to 6 cinder and 2 sand gives a resistance value of 61.5 
kilograms. Commonly adopted proportions are. 8 parts of 
cinder sifted to 10 mm sissc , % parts etymon t ; and VI limestone, 
which give a resistance of about 30 kilos, and sufficient for 
the walls of ordinary buildings 

Only such cinder is suitable for this manufacture that has 
lain In the waste heap for a considerable lime, Ohemical 
action takes place In waste heaps, which action must be left 
to work Itself out. Tills is especially important where sul- 
phate of lime may be formed. The presence of magnesia is 
objectionable on the ground of Its forming magnesium salts, 
which, being hydroscopic, tend to keep the walls damp. If 
limestone is used in the place of sand. It should be of an hy- 
draulic nature. The sand should be clt^n, u c., free from 
clayey matter. In some gas-works the manufacture is carried 
on entirely by hand^labor, iron forms being used to shape the 
blocks. One man using these molds, can make in an eight- 
hour shift from 400 to 600 blocks. In from three to four 
weeks the blocks ere sufllciently set for use. — Dr, Karl Bunte, 
Journal filr Gaabeleuchtung, Oct 18, 1010 Abstracted through 
The Technical Revieio 


first weighed and then placed on 'the machine After the 
teat was completed the samples were again weighed and the 
loss In weight determined. The relative dumbilWy was ob- 
tained by determining the loss in volume from the leas In 
weight and the specific gravity. The sample showing the great- 
est loss in volume was considered as the least durable. 

A small sample adjacent to the test specimen was used In 
determining the specific gravity Since only the grain portion 
was worn away during the test, It was thouglit desirable to 
use the spedfle gravity value for the grain portion only. Ac- 
cordingly the flesh portion of the sample was removed and the 
grain portion was then coated wltb cellulose nitrate to render 
the sample water-proof. The detxjrmtl nations were then made 
using a direct-reading gravitometer (Fig 4). 

CONCLUSIONS. 

The results of these tests khow that the madilne Indicates a 
decided difference In the wearing quality of leath-er taken from 
dlffexent parts of the Mde, the portion near the back and over 
the kidneys having the beat wearing quality and those por- 
tions near the belly edge, shoulder end, and extreme butt end 
having oonslderBbly leas durability. These indications are In 
acoord with the opinion and experience of many tanners and 
leather manufacturers. The results obtained on the machine 
la Test No. 4 also agree quite closely with those obtained In 
seorvice tests. 
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Non-Rolling Passenger Liners* 

Observations on a Large Stabilized Ship in Service 

By Edward A. Sperry 


N OW that tit hiXH bwn arteciuaitoly doiiums^tratixl In tlu* 
caae of a number of important Installations that a 
BhAp can ho Kuaranleod agalUHtt all rolling, a groat for- 
ward step Is poasihie and a new era openetl up for the Amer- 
ican pas8engt‘r-carrying swrvioe. The traveling American de- 
mands the greateeit possible degny* of comfort, and sliipping 
Interests wtlll noit he slof\v to met^t this demand by the latest 
and UKJist up^o-date tKiulpmem cast strictly on American 
lim^. 

We will have at no distant date the Servloe-de-Luw on the 
Atlantic and probably albo on the Padtic, or, in American 
travel lore, the “Pullman Service of the Sm “ Plans are al- 
reiidj In progroiM for an exrtenslve adoption of the new princi- 
ple, so that tlio henetlts and cfonoinles resulting from a ship 
guaranteed against n>ll will be uvaUublc to the tnu cling 
public. ThlJS great forward stop has been made possible by 
work gohig oai here in America for the iJtist llftcen years. 

The iK>lut of large-scale demonstration has now been reachiyl 
and full stabilizing luotncnts, requisite for pnwenting all roll 
of e\eii the large«t ships, have hevn practically developed 
The great principle thus Anally cwtabllshed Is that full iflabll- 
Izlng moments, can now be simply and effectively delivered to 
a (dilp that Is qult'smU and entln.'ly free from motion. The 
motU>n of the ship itself having heretofore Invariably been 
relied ui>oii to create the quenching moments, anything like 
full extinction of roll has of course been lmi>osslhle 
In all prevUms attemids to prevent rolling, the equipment 
has operated on the passive principle, depending on a certain 
amount of roll for the stabilizing moments, ns stated , and the 
amOOfit by which Uie roll has been reduced has never been 
satl^i^acto^y, nor have the means tlieuwelvos been practicable. 
Another difficulty Is that the phase lag Is found to be Inmiiv 
mountable, the stabilizing eifect— such as It Is — arriving “the 
day aiSter the fair.” 

The active gyro stabilizer solves the problem and works en- 
tirely Independently of the motion of the ertilp. Delivering full 
counter-movements to a motionless ship, It la thus free to deal 

read Mors tha floe, of Ksval Architects and dfsrl&e Ekir 
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directly with the wave atoiWw themselves, i. e., with the rolling 
Increments of the sea as they are In the process of develop- 
ing, even before Incipient rolling has set In. The active sta- 
Uil'lzer thus acts as a simple preventive of rolling, working in 
harmony with the cdow period of the ship, yet dialing alertly 
with each increment as it arrives. Irrespective of magnitude 
or direction ; holding the ship most BaitUfactorily upon an even 
keel, apparently without effort; demonstrating h<nv little la 
required to keep a ship from rolling, or, rather, from begin- 
ning to roll, if a basloully preventive method is employed. 

With the complete solution tihus in hand, accomplished with 
a small and simple equipment, it Is believed that the older pas- 
sive types, with their great weight, fractional results, and un- 
certain operation, will become obsolete. 

The equipment that brings about this important result Is 
so simple and unique that a brief rdsumd of its development, 
the principles Involved, and the performanco of the non-rolling 
ship Itself cannot fall to be of interest at this time. 

The ixksslblllty of produolng the non-rolling ship was known 
to the loading naval architects and Investigators in England, 
notably the elder Froude, prior to 1880, A little later Sir 
Phillip Watts, one of the great masters of this noble art, be- 
came convinced from Fronde's work that, Inasmuch as lit takes 
so little to hold a ship on an' even keel and to prevent It from 
rolling, this very desirable result should be accomplished. As 
Chief of Construction of the Brlttifti Admiralty, he, with a 
corps of engineers, at once started in to establish this great 
principle and to put It into execution, by building “anti- 
rolling tanks,” as they were called. Into the ship’s stroctaie 
and then filling these dongated tonka up to a certain critical 
point with sea water. These were expected to take on periodic 
osdillattons firom the slilp’s roiling motton, thus creating too- 
roents which would always be In opposltton to the rolling and 
tend to reduce it These tanka were actually built Into two 
war veas^ by the Admiralty, find ea^ilments were under- 
taken wUh rather discouraging results, on two counts : 

Flint, It was found' that there wese required a large tenk 
and a large amount of water, representing quit an appreciable 
percentage of the total dlsitecmneot of ihe ship— endi a large 
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perOQortage» la tact, m t& be prohibitive. The other point wm 
the dIfflotAty In maintaining proper pfhaae relation between the 
natural period of the ship, the period of the water In the tankt 
and the peitod of the waves of the sea. More about fids far- 
ther <». It will suffice to say that when this phase relation 
is not xnaintained, theee tanks can easily become dangerous, 
tending to increase the roll rather than to reduce It. 

Later the great English engineer, Sir John Thornycroft, un- 
dertook to accomplish the same result by a large horizontal 
pendulum operated hydraulically down in the hold of the 
ship ; and the report of Sir WlUlam White— one of the Admi- 
raky’s greatest naval architects— on the actual operation of 
this device in a ship at sea in a atonn (wliile Sir John and 
Sit William were dining together) makes one of the notable 
<dui.pter8 ta the early history of attempts at stabilization of 
ships. This stabilizer worked wen at times, but it was found 
to have the same difficulty as the anti-rolling tanks, namely, 
In order to secure a sufficlenit reduction in roll to make the 
equipment commercial and practical, the weight of the equip- 
ment was prohibitlveL 

Later. Herr Frahm of Hamibarg re-lnveuted Sir Phillips’ 
tanks, but though he made a contribution to the mathetnatical 
treatment of the subject and Introdiuced some rednemeuts in 
manual control valves and also in shape and contour, the 
tanks were found to be open to the same objections as those 
of Sir Phillip’s 

Dr, Schlick. who had done each wonderful work In balanc- 
ing marine engines, then came forward with his passive 
'’gyrostat” or ’’Kreisel,” as he called it. This was Installed 
on a small torpedo boat and tested in the North sea. The 
Admdralty sent Sir William White, who, by the way, was a 
friend and admirer of Dr. Schlick, to report upon this device, 
and Dr. Sehllck’s tights were taken over by a leading Eng« 
Llsb drm. The report is Interesting. Sir Willliam found this 
to be another device w*hich depended fbr Its action on the 
Inlltal roll of the ship — that is, the quenching moments wrere 
dependent solely upon the ship's motion — and thi'se would 
have been quite effective as a roll reducer had it not been 
for the same unavoidable lag in phase, wTiich seriously im- 
paired their efficiency. In any event, the combined difficulties, 
some of which are cited,, were sufficient to prevent the adop- 
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tion of this device, or, for large ships, even its serious con- 
sideration. 

Later the action of anti-rolling tanks oame under careful 
review by our own Taylor. This was before he became 
Admiral and Ohief of the Bureau of Oonstmctlon of our 
Navy, and while he still had charge of the big experimental 
tank ait Washington, designed and constructed by him, end of 
the great collateral equipment that forms a part of the ex- 
perimental and model department of tlie Navy. In this con- 
nection, Admiral Taylor, \vlth his wonderful grasp of all this 
intricate phenomena, designed tanks that were unique; and 
to make his research and investigations complete he went at 
the matter In the most thorough manner, not confining his 
observations to one lank alone, but going to sea with a ship 
equipped with no than three tanks. This was the most 
conipleite equipment, and the Investlgatfon was one of the 
most searching into itlie action of antl-rolting tanks that have 
ever been made Uie world over — as Is characteristic of all of 
Admiral Taylor’s work, which is conceived fibra a moat 
complete and comprehonalve standpoint and carried out in 
the most rigid and searching manner. 

It Is difficult to believe that the great art of naval archi- 
tecture apiiroclates to the full the debt that It owes Admiral 
Taylor. Same little glimpse Is had of the relation that this 
diistlngulshed authority biars to the world-wide art, when we 
remember that at the time the “Hawk/* warship of the British 
Admiralty, hit the “Olympic** near Southampton, wuhin four 
hours of this memorable collision both sides had tried to reach 
Admiral Taylor by cable to retain him in the suit that they 
knew was Injnifnent ns the result of thiis accldewt So the 
Government reU^aed Admiral Taylor to the Admiralty in or- 
der that lnu>ortant pnK:edents might be ostablNhed In the 
maritime world. 

But to revert to Admiral Taylor’s anti-rolling tank experi- 
ments. In this cimnection he niched certain conclusions, as 
he always doe's These concluslous are IntercHtlng, as here we 
have the n-al crux of this whole matter His verdict was 
thoit outBlde of tlie prohibitively large weights and extremely 
important alhwartshlps si>a<v occupied by the tanka, neither 
the United Stall's Na\>, nor in fact anv navy or marine, po»- 
j^eased the per^sonnol nM|iiisltc to ke<p the period in phase re- 
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latlon with the natural penod of the 9hlp and alao wnth th^ 
period of the sea* So at laat thie^ phase of the art has had 
the extremely Rreat advamtago of paaslng under critical re- 
view by probably the greatest living authority on these 
mattera. 

The difficulty with all of these attempts on this most im- 
portant problem can be reduced to an extremely simple propo- 
sition : With all of these methods of attack, a pound weighs 
only a pound and its effectiveness is measurable in simple 
termiB of the lever-a^rra of Its application, or the distance 
from the center of oscillation of the ship at which the moments 
become effective. This Is the reason for the excessive and 
even prohibitive weights necessarily present In all these meth- 
ods of reducing the roll of ships. 

Now what 1(9 wanted is not the reduction of roll, but the 
actual prevention of all rolling of stulps, and it Is Just here 
that the powers and resources of the active gyrosooi^e step In 
For years engineers have observed the strange peregrinations 
of the gyroscope, but have failed to perceive tJhe enormous 
powers that lie dormant in this simple apparatus, only awn it- 
Ing the applloatlon of ortlildal “precession” to place It under 
perfect control and to render It abundantly serviceable for 
stabilizing even the largest ship. By the way, the larger 
the ship is, the easier it is to stabilize her. 

In the gyro wo have a most unusual Illustration of the phe- 
nomena that Cicero classed among '*real blessings”; that Is, 
when nature's laws work to aid rather than to obstruct pro- 
gress, by no means a too frequent occurrence In engineering. 
The gyro ouix^asses all other mechanisms In that, while its 
weight and cost vary as the cube of a lineal dimension, its 
stabilizing power \*arlea no lees than os the fifth power. This 
runs Into a \ery great gain in gyro atabllizers for large ships. 

Why Is the gyroscope more available for solving this great 
problem than the tanks on the one hand or the great peudu- 
lum ,pf Thomycroft on the otlier? The answer Is simple. 
Whsneas In the prior art, as we have stated, a pound is only 
a pound, in the gyroscope a new and extremely far-reaching 
situation Is created. In arriving at the powers available to 
stabilize the ship with the gyro, every pound is multiplied by 
the velocity of the particle, so that a comparatLvtiy few 
po^s are actually capable of doing the work of tons. With 
the active gyro this Is all held fn phase, and, as descilbed, is 
available the l^mportant purpose of holding the ship free 
from even the beginnings of roll. 


Those unfamiliar with the subject, and even some naval 
architeebs, have feared that the forces and stresses involved 
might endanger the ship's structure in case of a heavy storm. 
The exact nature and magnitude of these stresses are i>erfectly 
well understood and have now been brought under careful 
observation in quite a large number of equipments In actual 
service. We are therefore speaking from a wide range of 
accurate knowledge on tMs important item, and ht will be 
interesting to know that the conclusions by the highest au- 
thorities are that a ship whidh freely rides the waves with 
its mast held vertical, being completely stabilized by the 
little gyro equipment in her hold, is subjected to less than 
one-fourth and often less than one-sixth of the very large 
strains present when it is allowed to roll under exactly the 
saime sttorm and weather conditions and with the heading un- 
changed in the some sea. With the gj rosc^pic stabilizer equip- 
ment on board, we have the unique situation of being able 
Instantly to throw it on or off, In action or out, at will, by 
mopping its slow processional movements, so tlmt we can ob- 
serve exactly what happens under the two oondldone and re- 
peat each condition as often as we chootse and hold each un- 
der complete observation as long as we choose, under any 
given sea or weather condltioa. And Just such tests as these 
have been repeatedly made and studies pursued until they 
are well known and understood. Thus the presence of the 
stabilizer on tHie ship reduces and holds to a very low value 
the stresses and strains which in the cose of an unstoblllzed 
ship in stonus often rise to high and dangerous magnitudes. 
Here again Admirai Taylor’s work comes to the fore. The 
development of the active gyro stabilizer was aided materially 
through the encouragement given by this naval officer. He 
was among the first to appreciate the Important results likely 
to follow the application of the active principle, i. a., the 
ability to develop pure torque atresses hi sbipg without change 
in loading or moving of weights or masses, end to direct these 
atreases and emplace them at will upon a ship independent of 
the etate of motion of the Ahlp itself and also Independent of 
any particular posHtAou of the equipment upon or within the 
ship. This whole art certainly owes much to Admiral Taylor, 
Everyone ie familiar with the gnsu^gai^ makings, and 
weird no&aes that are always present in heavfly laboring or 
roUlng ships. These llluatrate the streasec and strains to 
whi<& jEAie Is being subjected. Imagine the senaaitlon when 
the sUbfilzar ts thrown Into action and these soun<ls cease 
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torttawttM poiriltlvely d^ttuoaatmtins that the heavy atreeees 
have vax&bc^. The stabilizer ttiua becomes one of the greait- 
eat safety devices yet Invented tonparting absolute security 
to the greet hull and structure of the ship and maiteilally pro- 
longing its Mfe; All of this, of course, Is wholly outside of the 














no. 1 Jjomm DUE TO HBDM, HOa^LINO AND aiNUOUS ^ 
COURSE 


The diagram at the top ehowg the path ciit through water bv 
•tabiltaed vessol The middle diagram ah owe that when the vcesM 
la not stabilized It outs a wider path as Indicated above. The shaded 
area indicates proportional increase In powor The diagram at the 
bottom allows that further Intcaroase hi power Is required when the 
vessel yaws. The constant use of rudder absorbs power and tends 
to setardi the veseel 
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consideration of comfort . whch Is one of the prlroe reasons 
for the installation on passenger ships 

In this connection It will be Interesting from a twhnlcal 
standpoint to know that some time before the first stabilizer 
equipment was installed by the United Statics Navy, the great 
Bnglltdi naval arcliitec-t, Sir William White, was brought to 
this country in conaiiltatlon on this subject. He stated, after 
careful review of the facts, that from the naval archlt<xrUs 
standpoint the strains introduced by the gyroscopic stabiltasor 
In holding a vessel absolutely free from from ro*!! were In- 
slguLdoant, and that If we laid hold of a single frame of an 
ordinary steel ship we wxuild have a factor of safety of about 
six, and furthermore that these strains and stresses were only 
a small fraction of those existing in the hull and general 
structure of a ship when rolling In a storm. 

This great authority went further and stated something 
that our highest authorities hi this country then doubted, 
namely, that as soon as a ship was stabilized in a storm and 
rolling was prevented, that ship would not ship seas, but her 
docks would Immediately begin to be dry and would remain 
dry. Although we did not at the time believe that this could 
possibly be true, our universal experience since we have 
had these installations In operation demonstmles the absolute 
truth of the stalennent, as the result of many observations 
and experimenrts, Incidentally showing the great insight of 
Sir WllUam. 


Even some excellent authoritlee, before actually hnvlng the 
unique and extremely Interesting experience of being aboard 
a stabilized ship, have confused a stabilized ship with a dock, 
expecting tbe waves to pound the ship when stabilized, and 
It is with givat surprise and sa/tlsfaction that they have re- 
peatedly discovered Just the reverse to be true. A stabilized 
ship invariably rides the sea, gradually rising and falling 
wfith the sea with a wonderful degree of gentleifess. Her 
masts quickly come to the vertical, and all tmunding and 
Splashing disappear as soon as stabilizing sets In. 

Other facte have been learned from the performance of the 
stabilizer In heavy weather 11 is found actually to contrib- 
ute a number of definite (x?onomlea In the oporatloa of the 
ship. Anyone who Uas ever undertaken to pilot a heavily roll- 
ing ship and to hold her to lior course has realized the enor- 
mous amount of “helm** that Is constantly rtniulred, and the 
resulting very sinuous course that the ship takes In spite of 
the best efforts the helmstnan can make under these condl- 
tionsL The diagrams in Fig 1 graphically illustrate this and 
other features. 

No palms have been spared In studying this important 
phase of the contribution of the atablllrer. I'he gyro compass 
with Its enormous directive power enables nutomatic records 
to be made of the most mlmite orientation of the ship These 
have been secureil and also almultanoous graphic records of 
the amount of helm being used by the ship, also automatic, 
so that there could be no question as to exactly what was 
happening. The study of these recc»rds has been full of in- 
terest, developing nn accurate method of analyzing and aid- 
ing to establi^ the losses under this division. 

Fig. 2 show's Q characterietlc stabilization curve and Figs. 
3 and 4 are helm records. 

Operating engineers and naval arrhlteets know that even 



FIG. 6. RELiATION OF i»OWBU CON3UM1»TION TO BOLL 

The shaded area shows extra water diatuibod. For a S7,0004 od 
vassel at 22 JcDots this means a lorn ot 3,100 hoiwpowor. 

a very slight amount of '‘helm*’ acts as a tremendous re- 
tairder m the forward progress of the ship, ami especially is 
this emphasized when a very large amount of helm has to 



FIG. 8. AUTOCMATIC RECORD. HELM REQUIRED, SHIP NOT ROLIJNQ 
Straight line indtcates rudder center with orta-mlnnte intervals as Jogs 



riQ* 4. ^AVTomime rbxxxrd; Bmm esquired, ship rolling heavily 
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be constantly einployod. This slows down the shlp» uselessly 
wasting a greait deal ot the propulsive power of her engines. 
Again, the sinuous course that la invariably steered by a 
\rallowlng ship causes it to travel a considerablo extra dis- 
tance, always eocorapanied with a '*bad angle of attack/’ 
causing a large extra power consumption. A stabilized ship is 
practically self-steering. This comes as a sort of a bl^product 
of stabilizaitlon, the stabilized ship roqulrl'Dg praotioally no 
helm, regardless of weather. 

Rut there is a still greater source of power waste in rolling 
shii)S. As the hull constantly oscillates back and forth, its 
form-lines «icounter and constantly displace laterally, with 
extra friction of Impact, hundreds and even thousands of tons 
of water, and this persists, going forward with every roll 
This, In connection with tlie extra wetted surface Involved, 
added to the extra stream-line losses and skin friction im- 
pingement, especially when bilge keels are present, amounts 
to losses of very great magnitude In terras of actual horse- 
power wasted. Model experiments and resulting calculations 
indicate that these losses are much higher than have been 
supposed. Pig. 6 graphically expresses by the shaded area 
Wie tremendous Incroase in volume of >vater disturbed by a 
rolling vessel. For a 15,000-ton vessel at 18 knots— away m- 
sUle the maximum roll — this loss may easily reach from 1,000 
to 1,200 horsepower, and this power Is absolutely dissipated 
and wasted 

Just here the stabilizer steps in with a saving of nearly all 
of thils— ‘practically the entire amouat, minus the small and 
('omparatlvely Insignificant quantity of power that Is required 
to keei> the gyro wheel spinning in a vacuum. In the course 
of a very few voyages this power saving In terms of fuel 
saving anyunts to enough to pay for the entire stabilizing 
equipment. 

Very full corroboration of this Is found In the service per- 
formance of a fast passenger and cargo ship, by taking ten 
consecutive trips over the same course in tlie seme direction 
with almost identical load condltloiis and under conditions of 
constant propeller revolution^. These trips are sufficiently 
long, 4,000 miles, to bo convincing in the results shown. This 
data has been plotted In revolutions per knot <see Fig. 6) and 
gives Interesting and i>osltlve Indication of the retardation 
of the ship owing to weather conditions. A very great amount 
of the losses in headway due to the retardation effect of the 
dlstuibances discussed above will be entirely eliminated by 


full stabilization. liOt us examine what this means In dollars. 
Suppose the operating expense per 24 hours to be $6,000. The 
extra expense — that Is, the expense over and above the aver- 
age— In the stormy months amounts to not far from $100,000. 
This, taken with the amount saved through elimination of 
bilge keel losses, develops an earning capacity of the stabilizer 
of not far from 100 per cent per annum. All of this is over 
and above the many other important gains, both direct and 
indirect, resulting from the stabilizer installation. 

The stabilizer achieves another economy of very great sig- 
nificance to both the oi)erator and the passengers of fast cdiips. 
This Is the practical avoidance of the necessity for slowing 
down ships in stormy weather or when heavy seas prevail, 
the ships being able to make practically the same time under 
storm conditions. This has been repeatedly demonstrated and 
Is a result so startling that, when first experienced, It has 
often been daimed as an original discovery by the skippers 
of stabilized ships. 

Bo Insignificant are the stresses required to prev^t all 
rolling that it Is interesting to compare them with, or to state 
them In terms of the specific loading i>ermitted by the under- 
writers. Take a concrete case of the trani^rt Henderson, of 
10,000 tons displaceinenit, 488 feet length, with maximum 
beam of 48 feet and draught of 19 feet 9 Inches— the allow- 
able load per running foot for the section where the stabilizer 
is located Is 14.5 tons. The load due to the weight of the 
stabilizer plus the maximum gyroscopic stabilizing moments, 
figured as load upon the vessel, is at maximum only 10 tons, 
and with average stabilizing moments about 6 tons per run- 
ning foot In other words, the stabilizer loads are much less 
than normal cargo loads. Some of the vessels carrying heavy 
machinery to France were loaded as high as 28 tons per run- 
ning foot. 

Another definite advantage secured by the stabilizer is the 
elimination of the bdlge keels. Dealing only as they do with 
“V” square, they can never be of service other than in the 
heaviest rolling — at all other times they are a positive menace. 
The well-known drag of bilge keels In perfectly calm weather 
Is not only ever present but represents x>osltiv6 losses, even in 
excess of those calculated. This has now been positively ob- 
served in the case of a large 20-knot ship, the performance 
with and without bilge keels for the same shaft revolutions, 
loading and trim being known. Moreover, a ship is never 
trimmed very accurately longitudinally, giving the bilge keels 
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a frontal attack oomponeat with tiie attendant eddlee, con- 
aomlnig additional power of no amall xnaanltude. 

In rough weather the bilge keels afford an extra opportu- 
nity ior the waves to lay hold of the vessel In rolling. Re- 
cecvtly it has been definitely determined that the power re- 
quired by bilge keels under the condition of pitching, even In 
a moderate sea^ InereaBes the propelling power to a point 
much beyond what had been supposed. In the case of a 
10,000-t<m vessel with standard keels, even with moderate 
pitiehlxig, an tnereased propciUng power of o/bout 9 per cent 
has been observed. In a stabilised ship it is possible to elimi- 
nate bilge keels. There should be no hesitancy in omitting 
keels, as an exceptionally large and successful fast imssenger 
ship has been operated without bilge keels for years. 

A reduction in stresses of the proi>elUng machinery of a 
stabilised ship represents another important gain, eig>eclally 
in the case of twin-screw vessels where the windward pro- 
peller Is held very much more satisfactorily to Its duty — ^not 
only saving power but preventing the rackirg etralns due to 
overspeeding when the screws are “rolled out.” The efficiency 
of a propeller falls off abruptly as its blades even approach 
the surface, especially where the dtp of Hie waves allows 
the sllghitest a^ratdon of the watiw. For efficiency a propeller 
requires to be kept down in stiff water. 

Prevention of deterioration in cargo applies especially to 
ships carrying live stock. Figures have been furnished by a 
concern transporting horses during the war showing that, 
In a heavy storm during a single trip, their losses per trip 
often amounted to $80,000 or $40,000, a sum sufficient in a 
short period to equip the vessel with a stabilizer. 

The ability to roll the ship has proved In actual experience 
to be important in case of emergency to free the vessel from 
sand and mud banks, by opening the contracting crevices and 
gradually liquifying the encumbent mass. This has been dis- 
cussed in a former paper, also the field of the active gyro in 
rolling Ice-breekers and preventing them from freezing In 
when cutting through rivers and harbors during tlio winter 
months. The most Important use for rolling however Is as 
an aid to gunnery. 

As outlined, we have been accuuiulaUng a large amount of 


s 

actual sea experience with various sized oqulpments* The 
Govertunent hue been of the greateet essisbaxiee in encourag- 
ing the development. The war has seriously interfered with 
the work, but even during this period the Navy has allowed 
us to complete the largest gyro equipment yet attempted, and 
though the installation has been retarded by the ship's being 
In Constant transport service, this fact has offered additional 
opportunity for final testing. One of the engravings shows a 
comer of the gyro room on the Henderson with the precession 
motor In the foreground, and another illustration shows the 
little control room with the rotary for generating A. C, current 
for spinning the gyros In the liackground. Directly in front of 
the rotary converter Is the vertical gudgeon bearing which 
transmits the stabilizing moments tlirough the ordinary steel 
decking to the shliVs structure This ordinary steel de<’king 
is found to carry tlie stabilizing inomcMiits witli a large factor 
of safety. In the foreground la the special control gjro for 
the ordnance testa In tills case the gyro may opt^rate In a 
single period successively as a staMllzer or ns rolling equip- 
ment. Fig 7 shows a cur\e of tlie Henderson automatically 
rolled by her special e^iuipment when under full headway. 

This ship has operated with as high as ll,r>00 tons' displace- 
ment, and the stabilizer has been repeatedly operated under 
overload conditions without difficulty, the Journals running 
with perfect temperature control under the heaviest duty. In- 
cludilng ovorUmd oondttlons Even different lubricants have 
been tried, all giving about the same results, In fact, the 
plant, since the journals have been worked in, has operated 
normally In service, and the records show that the guaran- 
teed stabilizlDg moments have been easily developed 

This etixiilprnent has undergone additional protra«*ted tests 
as an ordnance fitting, readUng results in tills connection 
which are very IntereslJng, The exacting nature of these tests 
and their severity have contributed in no small measure to an- 
other extremely interesting result as followis: The complete 
knowledge we now have of the behavior of these equipments 
and the mi-osured results and records have placed us in a 
position to guarantee unqualifiedly the stabillzatlou of prac- 
HcBlly any ship to accurate speclflcatlon and also the equip- 
ment by mc?ans of whkh this lTniK>rtunt result Is secured. 


The Trans-Sahara Railroad 

Technical Features of Its Construction 


M uch interest Is being felt by France In the projected 
railroad lines across the desert of Sahara, between 
south Algeria and the French territory in western 
Africa. On ithe 27th of September, 1919, Odnie Civil ( Paris ) , 
published maps of Africa indicating the railroads already con- 
structed and tbe trans-African lines which had been proposed 
before the war. We reproduce these maps with a summary 
of the accompanying article. 

Le Odnio Civil has already published an account of the two 
principal trans-Saharan railroad lines — Arst that of the Chief 
Engineer of Roads and Bridges, Souleyre, who projected a line 
starting from Biskra and running through Touggourt and 
In-Selah, towards Tlmlbuctoo, with a branch line connecting 
with Lake Tchad : and secondly the plan proposed by M. Andrd 
Berthelot, a brief resumd of which appeared In Le OSnie Civil 
for July 26, 1914, whose point of departure was Colomb-B4char, 
the terminus being Soutti-OranaiB (Fig 1). 

Still other promoters projected a more extended program 
of conununlcation between Algiers, the Niger, the Belgian 
Congo and British East Africa, by branch lines running re- 
spectively through the region of Tlmbncloo, the terntinus 
(Kano) of the Nigerian railroad, then Stanleyville, along the 
Congo River, and Anally, Port Florence on Lake Victoria (the 
terminus of the British llne^ whose other end Is at Morabassa, 
a port on the Indian Ocean). 


Thus It was prupotNHl to connect Algeria (and ('onsoquenily 
Morocco and Tunisia ) first with western and equatorial Africa 
whoso valuable products (particularly the mineral wenPh of 
Katanga In the Belgian Congo) hold out flattering pro^])e4.ts. 
and finally, by an agreement wiUi the future Capo to Cairo 
line, with the vast and prosperous regions of South Africa. 

Still other projects, scarcely less Impressive, have been a 
matter of rocetut agutaitUm* the Parls-Madrid-Tangier-Dakar 
line, to which we shall refer further on, and that of the 
Trans-Soudan line started ^from Dakar (and ffom Conakry) 
and running towards Fort-I.auiy and Kiiartouin, with Its ter- 
minus at Port Soudan and Djibouti on the Red Sea, recom- 
mended by M. Tilho. 

The new economic conditions caused by the war do not 
permit the realization, at any rate In the near future, of pro- 
jects having BO large a scope ; when even the reconstruction of 
a few hundred kilometers of the lines destroyed In the north 
and the east of France Is, at present, a difficult task, and the 
service of our main lines is so uncertain that the Paris-Lyons 
express is commonly many hours late, etc., etc.. It Is easy to 
see that the French government cannot undertake such an 
mierous enterprise. 

Neverth<de8S, the future of our immense African possessions 
most be kept In mind, and It Is permissible to Indicate a few 
land-marks which may facilitate the labors of the next gen- 
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oration. It Is this sort of thing which lends interest to two 
memoirs recently published by Lieut. Colonel Oodefroy, the 
director of the Biskra*Touggourt lino and by M. L. Durandeau, 
director of the Bureau of Technical works In the territory 
of South Algeria. After passing in review the economic con- 
ditions and the present state of affairs In our African colonies 
. . . Li'eut-Oolonel Oodefroy tackles the question of the trans- 
Sahara, properly so designated. ... He Justly considers that 
the ambitious Trans-African projects contemplating a conti- 
nental and trans-continental trafllc connecting London and 
Paris wlith Central Africa, on the one hand, by way of Mar- 
seilles, Algiers, the Belgian Congo, and the Great liUkes, and 
wlith South Ameiica on the other, by way of Mareelles, Algiers, 
the loop of the Niger and tlie transit from Dakar to Pernam- 
buco, are not at present feasible. . . . 

The same conclusion was reached by M. Suss, who read an 
article before the Society of Civil Engineers on July 16th of 
last year, concerning the project of a oonnectlon between 
Paris-Tan^er-Dakar by a new line of standard gage, travers- 
ing the whole of Spain from Irun to Algeclras by way of 
Madrid, passing under the Straits of Gibraltar through a 40- 
kllometer tunnel, or more simply perhaps by means of ferry- 
boats similar to those which are operated successfully both 
in Scandinavian countries and between France and England, 
and running dlTectly from Tangier to Dakar by way of Fez 
(8,600 kilometers), thus securing a fast service from Europe 
to South America by way of Dakar, M. Oodefroy considers 
that If lit Is desired to create a connection between Algeria 
and the Cape to Cairo line, It will be more advisable, instead 
of seeking to form a Junction with this line In the middle of 
Africa, to conni'ct with It at Cairo by a line running through 
Fes-Algtem-Tumts-Trlpull and the hittoral of the Tripolitan ond 
Cyrenalc territory- Besides this general trafDc such a Hue 
would have the advantage of serving as a means of transport 
for the great numbers of Moslems who annually make a pil- 
grimage to Mecca, and whose numbers fill entire ships, and 
for whose convenience the Turkish government built the line 
from Damascus to Medina in 1008. 

A portion of the Fez-Oalro line la already In existence as 
far as Qabta on the one side and from Daba to Cairo by way 
of Alexandria on the other side; furthermore, the atratagle 
line built by the British to supply tbelr expeditionary force 
In Palestine could be easily prolonged to the Mecca line, 

M. Godefioy Is more laterested, however, In the Idea of an 

V 


actual Trans-Sahara line having for its object the oonnectlon 
of South Algeria with the loop of the Niger at Tosaye, a point 
in the vidnlty of Bamba and of Bourem (Fig. 2) where it Is 
expected that a Junction will be made with the future rail- 
roads of French West Africa. 

The projected line wboee construction he advises starts 
from Touggourt, the preeent terminus of the Algerian system 
(the Alglero-Conetanttoe-Blskra-TouggooTt lines) , it descends 
by way of Ouargla (the date-bearing region), and In-Salah, 
traverses the Tldlkelt and the Adrar, terminating at Bourem, 
or about 2,860 km. In round numbers. At the chosen Jimctlon 
at Tosaye the Niger is confined between two steep banks where 
the construction of a bridge would present the minimum of 
dlflhnilty. By adding to this length that of the Alglers-Toug- 
gourt line (640 km.) the complete trajectory from Algiers to 
the Niger would represent 8,000 km. 

It may be added that at the present time the line proposed 
us outlined as far as In-Salah by the automobile tracks recently 
built beyond Touggourt. 

KUntXNTB OF THX TRAFFIC. 

Travelers. — French West Africa might furnish numerous 
passengers In Algeria and In Tunisia to supply the shortage 
of labor In the mines and in agriculture; this source might 
yield a considerable and almost constant currmit of natives 
between the north and the south. Passengers of a better dass 
would evidently be but few In numbers, the nmjorlty being 
officials provided with free transports of travelling at re- 
duced rates. On the other hand the Sahara line would readily 
take the place of maiUtlme passage for mall and parcel post. 

Various Products. — The traffic In merchandise would omisbst 
mainly In rice from the Soudan, cattle on foot or refrigerated 
meat from the loop of the Niger bound north and south- 
bound, of wheat, fruit, Algerian dates, fabrics and manufac- 
tured product^ as wdl as tools, etc., from Europe. . . . 

Technioal Conditions of Conslmollon.— The two brodiures 
cited above are particularly Interesting In their presentation 
of the technical conditions Involved. . . . We give by prefer- 
ence a resumd of M. Dorandeau’s remarks, since while agree- 
ing with those of Godefroy they enter more Into detail. . . . 

Width of Gaps.— The standard gage has been recommended 
by Sonleyre and Berlhelot; it exists im only a part of the 
Algerian eystem, but the South Oianats lines have a gage 
of 1.06 m., those of South Algeria a gage of 1 m. : Since a 
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tnuutfw of freight is required already, for this reason, it 
would apucwr to be natural to continue with one of these 
widths, tfie Sahara line being the immediate prolongation of 
one or the other of these systems, according to whether the 
Une Started froon Touggourt or eyentually from Ooaomb- 
Bediar. Bconomlcal reasons practically impose this sc^ution, 
which furthermore presents no grave inconveniences. It Is 
quite erroneous to connect the idea of a narrow gage road too 
readily with that of a light traffic road' . . certain narrow 
gage roads, in fact, carry very heavy traffic: for example, the 
mining road of the Zaccar, having a gage of 0.75 m., which 
annually carries to the MUiana station 'on the Algerian P, L. 
M. more than 100,000 tons of minerals; moreover, In former 
OkHrman Bast Africa the Otavi line, which has a gage of only 
0.60 m., but is 071 km. long, carried 107,000 tons in 1018. 
Furthermore, a narrow gage line, having curves with a mini- 
mum radiuB of 000 m, and grades of a maximum of 10 per cent 
lends itself with perfect ease to high rates of speed, provided 
the track is strong, has cross-ties sufficiently close together, 
and CMirtlcuIarly is provided with heavy rails of sufficient 
length. 

Furthermore, if the amount of traffic proves large enough 
In the course of a few years to Justify a change of the narrow 
gage Into a gage having a width of 1.44 m., such a change 
could readily be made without interrupting the service by 
first making a gradual preparation for the Increasing width of 
the road-bed and the bridges, and then by inserting between 
the present cross- ties those of a standard length to which the 
new rails are attached. In this manner the change from the 
narrow gage could be made at leisure. The apparatus re- 
quired, which are, on the whole, few in number, could be 
prepared in advance, placed alongside the laying point, and put 
in place at the time the service was Changed. 

M. Dumndeau proposes itfie laying of a track with double- 
headed rails in 20 m. sections, weighing 86 km. per meter, 
resting upon rail-chaini and upon cedar ties measuring 2 20 m. 
by 0.24 m. by 0.14 m., or else upon metal ties 45 km. each in 
weight and 1.00 m. in length. Such a track would be able to 
support loads of 17 tons per axle-kilometer at speeds of 00 km. 
per hour. 

The choice of the double headed rails mounted upon rail- 
chaiis is Justified by the necessity for raising the track as 
high as possible above the ballast. This is desirable in the 
first place, In order to facilitate the passage of the fine sand 
driven by the wind between the ties from one side to the 
other of the Une^ thus diminishing the danger of -having the 
rails covered with sand, and consequently to protect the 
rails as much as possible from the dangerous corrosion due to 
the saline character of the ground throughout a large part 
of the territory to be traversed; this ground contains chlo- 
rides and sulfates which, under the infiuence of the very con- 
siderable variation in the humidity of the ground, set free 
adds which attack the rails and fish plates very rapidly It 
is evident that metal ties are impo«»siblo in regions of this 
character. 

In order to prevent the drifting of sand over the switches, 
a circumstance which has often caused accidents on the lines 
of South Algeria, It is a good plan not only to support the 
rails on rail chains but also to place the ties upon a bed 
composed of other ties running parallel to the track and 
Joining together. If this be done the sand will run between 
the rails and the ties and will fall upon the aforesaid bed 
whence it Is rapidly driven by the wind. 

The question of the width of the road-bed Is of primary 
Importance for a track through the Sahara Desert. The road- 
bed lies most often upon sandy ground which is eroded 
by the wind; the el(^>es of embankments are diminished on 
the windward side so that little by little the road-bed de- 
creases in width up to the ends of the tles^ and In cuts the 
sand ftequently drifts over the track. 

Furthermore ballast made of broken stone of good quality 
Is very expensive because of the enormoi^ quantities required 


and the considerable distance over which it must bo transp<»t* 
ed, while ballast made of ernshod gypsum, which can be ob- 
tained upon the spot^ quickly crumbles, thus Injuring the road- 
bed, the rails and even the health of the crews. 

It is advisable in laying out the track to avoid the imme- 
diate proximity of sand dunes so that it will be possible to 
employ some method of fixing those dunes which threaten 
to Invade the track before they become dangerous. This 
stabillxaitlon may be accomplished by planting tamarinds or by 
driving piles in them. 

The line along Which the necessary stations are not very 
numerous should be laid out rather with a view to avoiding 
grades than with the idea of procuring an ipdeflnite straight 
alinement The reason for this Is that by thus preserving 
curves of large radius, the visibility of the track and the 
maximum of the speed attainable can be maintained almost 
as well as a long straight line, and one will, furthermore, be 
able to save the extra energy required by up grades or 
wasted unnecessarily in braking the train on down grades. 

Mtu&nry . — The serious inconvenience referred to with re- 
spect to the possible corrosion of the rails also affects mor- 
itars made of lime or of cemervt to which the saline nature of 
the argillaceous territory of the great ohotu (lakes which 
have become nearly dry) or of the territory containing gypsum, 
likewise very abundant, is distinctly injurious. 

With respect to this the experiments In masonry work of 
the South Constantine lines are unhappily very convincing — 
the alternations of heat and of cold, of drought and of damp, 
exert a very unfavorable infiuence upon the resistance of 
elements, especially since they are themselves unstablo as 
respects chemical composition and since they are often applied 
by careless and incompetent workmen. 

M. Durandeau also advises against the .use of hydraulic 
binding substances, making use preferably (as In the case of 
a bridge on the BLskra-Touggourt line) of hewn stone and of 
cedar, which is abundant in Algeria, and which is not subject 
to decay ; in default of this he recammends masonry built of 
dry stones, and finally the employment of thick lime when 
mortar is indispensable. 

In the Sahara, where there Is a lack of building materials, 
one finds only rubble made of 'gypsum, which can be con- 
veniently used for all masonry, 'together with a mortar made 
of thick lime and the sand of the locality ; the Biskra- Toug- 
gourt line censtructions are built in this manner and have 
proved satisfactory- 

Mode of Traction — ^The scarcity and poor quality of the 
water obtainable in the desert areas of the Sahara precludes 
the use of steam for motive power. During the work of con- 
struction there is no time to make the necessary search for 
subterranean waters without retarding the progress of the 
work; then, too, the expense of bringing fuel from Europe 
would be prohibitive. Even in ordinary established traffic It 
is difficult to employ steam engines. 

It appears pr^»feral>le to lay plans for using either motor 
tractors of the Diesel or Still typo, or else electric traction by 
means of a current obtained from groups of motors of the same 
kind. This subject requires some study since alt the required 
details are not yet understood. However, the rapid progress 
of mechanics and of electrlciity leads us confidently to expect 
that the problem will be solved in due time. . . . 


THE SHRINKAGE OF VENEER. 

AcroBDTNG to present practice, logs which are to be cut into 
veneer are either steamed or soaked In hot or boiling water for 
several hours to soften the wood. The claim is sometimes 
made that the veneer from boiled logs is likely to shrink and 
swell less with changing moisture content than the veneer 
from steamed logs. This point was made the subject of in- 
vestigation by the Forest Products Laboratoty. 

Although these tests were crude, they indicate that the 
Shrinkage of veneer from boiled and steamed logs is pracs 
ttcally the game. 
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Kimn BAY FROM COAL UARBOR, TH« MINING SETrYLKMENT OF THE NOHWEOIAN KINGS BAY COAL COMPANY 

SOUTHERN SHORE 

On the right Is sbo\ni the termlniia of the most northerly railroad in the world (T8* 60' N ) The line, 1V6 miles long ani 36-lnch 

gage, parries the coal flpoin the mine lo the harhor« 


The Norwegians in Spitsbergen* 

Their Rightful Claims to Sovereignty of This Archipelago 

By Charles Rabot 

Soci6t6 dc Geographic de Paris 


Spfcial interest attach(» to this (Utirle in view of the fact 
that the Nitprcmo Cottnt*il of the Peace Conference at Paris 
on Novcvihcr 21 approved the text of an affreement granting 
poHtieal suzerainty oocr the fipitshergen archipelago to 
A' Of u ay. — Koixon. 

S EVERAL papers <K>nwniing Npltsbergeu have recently 
bc*en pnblishetl, but they are Inctmiplele and Inaccurate, 
their authors lielng unaware of the great work done by 
the Norwegians in this archlpi'lago and of the recent historical 
research work of tiie Dutch It may therefore be useful to 
attempt to present a comprehensive account of geographical 
progress In Spitsbergen and of the Industrial development of 
this iK)lur land as well as its political history. 

ICK CONOriTONh ON 6PJTh»FRGEN CO.VSTfl 

Owing to the climatic efriH.*t8 of h branch of the Gulf Stream, 
the wmtorn eoast of Spitsbergen and the westernmost part 
of its noi’lhera coasL are usually Ice-free from July to 0<’to- 
lH>r Somcilines the wtTstern wast Is optm until Deceinlwr. 
In 1892. on July 29, 30, and 31, betwinm Jan Mayen and Ice 
Fiord, T did not see a single <*ako ot ice. Thanks to these cir- 
cumstances tourist crowded Um‘i*s in service before the wni 
u«ed lo push up from llie north w<"stern comer of Spitidiergen 
US far as the eightieth parallel to let their pasmmgers eiiloy 
a view of the jiolar i>a<k In no <ither part of the world can 
one readi so hil[^h a latitude In open water 
By contrast, a polar current flowing i>ast eastern Spitsber- 
gen, carrying a Inige amount of ice, blocks the eastern coast 
of Northeast Land, Barents Island, and Edge Island. Off 
the southern eonsl of the last-named Island a branch of this 
current takes a westerly direction, rounds South Cape, and 
runs florthward b«-twmi the Gulf Stream and the western 
<*oaiit of Spitsbergen, carrying masses of ice which generally 
dlMppear by early sumnu^r. Such 1» the normal state of the 
Ice, but It may l>e interfered with by the winds. In spring 
and summer northern and eastern winds prevail, the polar 
pack drifts southward and closes the generally open waters 
off the nort^iem coast, while the eastern ice drifts south- 
iBjfArd also, opening Stor Fiord and the sea oft the eaBtern 
Aoasts of Northeast I^and, Barents Island, and Edge Island. 

•Reprinted from the Qtoffraphiemi Review for Oetoher-Norember. 
ISIS, puhllabed by the American Geograiphical Society, Broiulway at 
156th Street, New York. Photographs loaned by the Oeographioal 
Re^Hew. 


A great deal of this ice ^^kirts South Cape and arrives on the 
western coast at the southern point of Prince Oharles Fore- 
land. In 1015 so much eastern ice gathercHi on the western 
coast that Bell Sound and Ice Fiord were blocked and navi- 
gation was very diflIcuU until tiiie end of August. Probably 
not since tiie discovery of Spitsbergen, certainly not in the 
last fifty years, had the western coast been so obstructed by 
Ice 



SKETCH MAP OF SPITSBERGEN 

greater flow of the Gulf Stream, the sea all about Spitsbergen 
remains ejpen tihe greater pert of the sumaner, and In such sea- 
sons the circumnavigation of the arcftiipelago becomes possible. 
This was the case In 1918 and. before that, in 1886. 1887, 
1898, and 1889. 
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rANOHAMA FROM BKN NMVIS. A SUMMIT 91S METERS HIGH SOUTHBAOT OF RED BAY, NORTHERN WEST SPITHBBROKN 
The Tlevr, which extends from south to northwest, showe practically the whole cxteiut of tbo Grand Glacier, which 
ond 0 in Red Bay on the right. (Photo by C^tain Gunmar Isachnen ) 


HISTOBY OK EXPLORATION. 

The story of the goographloal exploration of Spitsbergen 
can be dlvUled Into three periods. (L) the Dutch-Bngllsh, 
whicfli lasted until the beginning of the eighteenth century, 
(2) the Norwegian-Swedlah, between the end of the eight- 
eenth century and the opening of the twentieth century; (3) 
the Noarwegiun, since 1900 

DUTCH-ENOLIfill VERJOD 

The old Icelandic annals regarding tlie discovery of Spits- 
bergen by Norw<^ana In the eleventli century are vague, and 
the Journey of Willem Barents In 1590 is considered as the 
first authentic-ated voyage to this Arctic land The cele- 
brated Dutch seaman visited only the western coast and a 
part of the northern coast of the rauln Island, and the dis- 
covery of the other Islands has betm credited to Engllgfi 
‘‘advenlurers** of the Muscovy Company But this claim 
must be revised. The globe of the Dutch cosniographer Plaii- 
dus, engraved In 1612 and newly discovered by Dr. F C 
Wieder, delineates the northern coast beyond HInlopen Strait, 
the Seven Islands, the western and southern tv>asts of Edge 
Island, and Hope Island. Thus, previous to the English, even 
‘^before 1614 the entire drcumference of Spitsbergen was known 
to the Dutch, except the vicinity of Heley Sound (ITells 
Sound) and the east coast of North-East Land and Edge 
Island, so that tlie Dutch may rightly be cjUIed the (lls(H>verers 
of the entire Spitsbergen group'’’ 

»The Dutch Discovery an<1 Mapping of Spitsbergen (1596 1820) 
Edited by order of the Dutch Minister for Foreign Affairs hy Dr 
F. C Wieder, Published by the Netherland Mludstry foi Foreign 
Affairs and the Royal Dutch Geographical Society, Amsterdain, 1019 
This fiplendldi volutne contains the reproduction of 83 maps of gplts^ 
bergen between 1596 and 1829 


About the middle of the seventeenth century, while the 
English whale fishery declined, the Dutch whaling industry 
had a rapid development, which was of great advantage to 
geography Returning home^ the Dutch whalers gave to the 
oosmngraphers of Amsterdam information concerning Spltfl- 
bergeu, so that In Holland there was continuous and uninter- 
rupted progress in the cartography of these polar islands 
From 1594 to 1802, according to Dr. Wltnler, more than two 
huiidnHl maps of Spitsbergen were published In the Nether- 
lands. To the Dutch we are IndebUnl for the first carto- 
graphlcul documentation concerning these islands During 
two and a half centuries the Dutch were the ma<?ters of the 
cartogimphy of Spitsbergen, 

NORWKQIAN-SWKDISH I'KRIOD 

Toward the end of the eighteenth century tlie Dutch whale 
fishery decUntnl, and the Norwtviiaim arrivt^d at Spitsbergen 
In order to hunt the whlrus, seal, polar bear, and reindeer In 
sumiiUT Their activity was at that time limited to the west- 
ern coasft and to the ea.slly acvcsslble part of the northern coast. 
In 1827 B M Kelihaii, professor at the University of Chris- 
tiania, charten^l one of these sealing \es8<4s and paid a short 
vlsii to Bear Island and Spitsbergen This was one of the 
flr‘»t scientific (‘xpeditloncf to these islands and one of the 
most successful Th<‘ g<»olog!<al, i>ahontologlcnl, and botan- 
U*al studies which Kcilliau lind tlie ojuxirtunity of making 
during his vojage arc fundamcMtal In 1S37 the Swedish 
professor S L Lo\cm also made a scltuitlilc trip to the west- 
eni coast in a Norwegian \es8el 

In 1858 the foocoad chapter of the history of Spitsbergen 
opems with the geographical exploiatlon of the archipelago 
both by Swedish hcientiflc expeditions and by Norwegian 
walrus luinters. From 1858 to 1908 twenty Swedish expedl- 



XXKIKJNO SOUTH DOWN HltDMlANN GLACIBB (RIGHT AND CENTER FOREGROUND) AND ITS OUTLET VALLEY TO THE PUR. 

THEB, SHORE OF BELL SOUND (IN THE BACKGROUND) 

The iDAMlf OR the rlc^t Is Mt Conway, that on the left. South HaUand Ridge. (Photo by Engineer Holier.) 
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tlotxa went to Spittit>ergen under the leadendi1{> of scientists 
like Otto Torell, A. B. NordensklWd, A, G. Nathonset, Baron 
Gerard de Geer and others. Besides valuable sdentiftc 
studies they pnbltshed in 1866 the first chart of the archlpel- 
affo based on surveys. This chart has been the basis for later 
ones representing fresh discoveries. The British Admiralty's 
chart, reproduces the results of the Swedish suWeys 

D18C0V1CBIE8 BY NOBWEQTAN WALRUS HUNTERS* 

During die second half of the nineteenth century no Norwe- 
gian sdentlst took part in the exploration of Spiiirtiergen. 



liONGYKAR OITY IN 8UMMBR 


Nevertheless important disco verlee were made by Norwegians 
About the year 1860 game became scare in the easily accessi- 
ble parts of Spittfbergen, and) Norwegian walrus hunters 
sought new grounds in the generally Ice-blocked waters 
stretching northward and eastward and made important dis- 
coveriea in the hitherto unknown eastern parts of Spitd>ergen * 

The first step in this direction was taken in 1847, when 
Captain Lund navigated Thymen Sound, between Edge Island 
and Barents Island, for the first time. At that time Barents 
Island was not known to be an island; it was representcMl 
as a laige foreland of West Spitsbergen, and Heley Sound 
was shown as a fiord. In 1858 Captain Johan Nilsen crossed 
this inlet from sea to sea, demonstrating the supposed fiord 
to be a strait. By this discovery the features of eastern 
Spitsbergen were also completely changed. In 1869 another 
Norwegian seal hunter, the well-known Elllng Oarlsen, cruis- 
ing eastward of Edge and Barents Islands, found hlmsidf 
neor an unknown land. This was the Islands now nanuMl 
King Karl Land but then Identified with Giles Land, an island 
seen In 1707 by Commander Giles, the position of which re- 
mained uncertain at that date. Three years later, in 1861, 
Carlsen for the first time circumnavigated the whole archi- 
pelago — a splendid achlevimiont During this cruise the true 
nature of Northeast Land was ascertained. It was discov- 
ered that the eastern coast of this large island is entirely 
oooupled by a great glacier discharging Into the sea and 
forming the eastern outflow of an inh&nd-ice mass which cov- 
ers the whole Island. In 1864, oft the eastern coast of 
Northeast Land, another gallant Norwegian hunter, Toblesen, 
rediscovered Star '6 (Large Island), seen by Dutch whalers 
in the seventeenth century. 

In 1867, Rdnnback circumnavigated West Spitifbergen and 
discovered a group of small islands on the western coast of 
Hinlopen Strait in 79*> N. 

In 1871, English sportsman, B. Leigh Smith, chartered 

•Ths aorvoy of the Norwegian exploration of (SpUihergen Sere given 
eummaiixea a atatmont compiled by order of the Nonreglan Oovoti- 
ment by Adolf iHoel, of the University of Chrlatlanlla, the leading 
Norwegian explorer of these islands In recent years. 


a Norwegian schooner under the command of Captain Ulve, 
an expert Norwegian Ice navigator. Reaching the southern 
and later the northern coast of Northeast Land, they stated 
that this land stretched about 48 nautical miles farther east^ 
ward than was formerly believed. 

In the following year knowledge of eastern Spitsbergen 
was advanced by Norwegian seal hunters. Taking advantage 
of an open season, Altman, Johns^, and Nielsen reached King 
Karl I.iand and reported that there were several large and 
small islande divided into two groups by a large sound. 
Johnsen landed on the northeastern point of the eastern 
group. 

In 1876 and 1887, eastward of the northeastern i>olnt of 
Northeast Land, two Norwegian walrus hunters, Kjelds^ and 
E. H. Johannesen, came in sight of an unknown Island, White 
Island, the true Giles Land. In 1889, another Norwegian 
walrus hunter. Hemming Andreassen, completed our knowl* 
edge concerning King Karl Land by navigating the northern 
part of the sound dividing the two main Islands, Svenska 
Fdrland (Swedish Foreland) and King Karl Island. This 
sound was called Rivalen Sound from the name of Andreas- 
sen's ship. According to Professor Nathorst, the sketjch map 
of this Norwegian walrus hunter was not superseded until 
the survey of this group of islands was made by the Swedl^ 
expedition of 1898; It is, however, much more accurate than 
the map that Dr. W. Kilkenthnl, the well-known sodlogist of 
Jena, published after visiting King Karl Land in a Norwegian 
hunting sloop that same summer. So strong is respect fbr 
established authority In old Europe that in a new issue of 
their maps of Spitsbergen the British and French hydrographic 
offices r^roduced the Incorrect sketch made by the German 
scientist rather than the accurate one by the Norwegian 
skipper. 

Finally, in 1898. Norwegian hunters, starting from the 
northeastern comer of Northeast Land, discovered beyond 



THE WHARF AND CARDBWAY ON ADVENT BAY FOR UN- 
LOADINQ COAJi FROM THB MINE AT lX>NOYBAR CITY 


White Island a now island, which thc^y named Victoria Island. 
These seamen also reported that Spitsbergen and Franz Josef 
Land have a fringe of islands between them. These two polar 
lands form a dam which prevents the polar pack from flowing 
southward in great masses. To this circumstance northern 
Europe Is indebted, In part, for Its relatively mild climate; 

To summarize, we may say that in eastern Spitsbergen the 
Norwegian walrus hunters did admirable pioneer work, op^-> 
Ing the way for further scleotlflc expedlti<msL Also, aleagra- 
phy is Indebted to them for determining the directions of Ice 
drift around Spltia)eTgen. 

In order to complete the description of the oontributtons 
to our knowledge of Spltsberg^ made by Norwegian bunterSi 
it must be added that, of the trappers who have been winter- 
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ing in ifllands «iiKe the last years of the nlnetemth cen- 
tury to catch bear and fox, eighteen parties made regular 
meteorological observations, both on the western and the east- 
ern islands, with Instruments lent by the Meteorological In- 
stitute of Olirlstlanla, and thus added substantially to our 
knowledge of the climatology of this Arctic land. 

BBCENT nOBWEOlAN SCIENTIFIC 
EXrXOAATION IN THE 
INTEBIOB. 

In 1908 the last chapter In 
the exploration of Spitsber- 
gen was begun by Norwegian 
sdentlsts, using new methods 
of exploration. Until then 
few expeditions had been un- 
dertaken In the interior, so 
that practically the whole in- 
land portion of the Islands 
remained a terra incognita. 

In 1906, the Prince of Monaco, 
having taken Spitsbergen 
waters as a Held for oceano- 
graphical research, began the 
systematic survey of the western Island. Establishing his 
headquarters in Cross Bay, he entrusted the mapping of the 
mountainous massifs stretching from that Imy to Smeeren- 
burg to Captain Gunuar Isachsen of the Norwegian army, 
who had been the topographer of Sverdrup’s expedition to 
the American Arctic Archipelago With a staff of Norwegian 
surveyors and naturalists and with Dr. Ix>uet of the French 
army, Captain Jsaehsen admirably fulfllU'd Ills task in two 
mimmera. 

The results arc of great value* About 200 square miles of 
Spitsbergen’s Ice world were mapped by accurate methods 
on the scale of 1 : 100,000 with contours of elevation. Never 
before had such e great area of the Interior of Spitsbergen 
been surveyed, nor an Arctic land mapped so accurately. This 
auccessful expedition aroused in Norway a still greater inter- 
est in this region. The Norwegian parliament and private 
citizens granted large subsidies for pursuing the work Ini- 
tiated by Isaehsen. Henceforward the foundations were laid 
for a systematic survey of the westen fiord region of West 
Spitsbergen and every summer thereafter one or two Nor- 
w^dan expeditions went to the island. 

In 1907 and 1910 a largo expedition eet off under the ooin- 

*rbe ocl^ntiflc revults of ttao expedition are laid down In the apien- 
did series of monograplis published by the Princo of Monaco under 
the title “Bdaultats des camipagiies edcnltlflqueB acconuplles sur son 
yacht par Albert ler, Prince souveraln de Monaco,** Fascicules 40 
(surveys ; with the map, 1 :100,000, sliowlng relief and glaciers in 
contours and shading, 41 (glaciology), 42 (geology and physiography), 
43 (geeflogy), 44 (botany). 



WINTDB HUT OF NORWiBKHAN mAmUbS AT 8AFB HABBOB, 
NOBTHEBN fiOORB OF KSB FIORD 
(Photb \)f Dr. Rdltedahl, 'i909.) 


mand of Captain Isaehsen, numbering, bi*sides the leader of 
the expedition, nine scientists. Extending in all directions the 
survey made on behalf of the Prince of Monaco, -they brought 
back maps of northwestern Spitsbergen between the northern 
coast, Wijde Bay, end Ice Fiord, of the region adjoining 
Green Harbor in the last-named fiord, and of Prince Charles 

Foreland.* During the two 
summers In which the expedi- 
tion was in the field more 
hhan 2,000 square miles were 
mapped, and a great quantity 
of geologiool data vras gath- 
ered. 

From 1911 to 1918, under 
tlie leadership of Adolf Hoel 
and Captains Arve Staxrud 
and S\erre Kdvig, topograph- 
ical and geological surveys 
were extended to the iienln- 
sula between Ice Fiord and 
Bell S^Hind and southward to 
the coastal region as far as 
Horn Sound The work of 
the Nonvogiaus in Splt^iergen from 1900 until 1018 may there- 
fore be summarized as follows: 

All the western coastal region as fur as a point lying three 
statute miles south of Horn Sound is now accurately triangu- 
lated and mapped in detail* That Is n piece of land about 
200 statute miles long and 18 to 58 miles wide, covering 5,000 
square miles For the northern sheets the scale of 1 :200,000 
(has been adopted, and for the southern sheets 1 :100,(XK) and 
1 :50,000 All these maps will siH>n be published ; a chart of 
the western coast of SpllHlK^rgeu, more nearly correct and 
more complete than the British and German charts, has al- 
ready been published by the Norwegian Hydrographic Office.* 
In the coming years the survey will lie continued southward ; 
it is hoped to reach South Cai^e by 1022, 

These expeditions also attained geological results of ex- 
ceptional value. The chief points of Interest about these re- 

*The geographical re«uilta are contained in: 

Gunuar Isaehsen. Travaux topograpblquos de rcrpSdltlon laachsen, 
1D09-1010, KrUtUmia Viden^kapBaeUltapetg Skrifter* /. Mat.-naturv, 
KUis»e, 191C, No. 7 (-rpp 1 63) [('ontalnp the map of northwestern 
Spitsibergen In 1 200,000, showing relief and glaciers In contours ] 
/clem. Green Harbour, Vorske Oeopr iScUkapa Aarbok, 1012-18, pp. 
101-162 [With a map of Green Harbor In 1 .100,000.] 

’Besides the Norwegian surreys there should be mentioned the map 
of Prince Oharlea Foreland, 1 140,000, by I>r W B Hruee and M. J. 
Matliieaon, published in 1913 by the Bcottlsb Oceanographical Labora- 
tory of Edinburgh with (he support of the Prince of Monaco. 

*BpltsbergOD * Farvand og Ankerpladser paa Vest-og Nordkysten, 
1 .200,000, with seven insets, Norges Geograflske Opmaaling Chart No. 
198, Christiania, first edition, 1912 



TRAVBUNO OVIOB THE ICE FIELD TOWARD THE THRiBB 
CROWNS, THE THREB SUMUilTS RBDN AT THE XJBn 
(Photo by Captain Ounnar InochMn.) 



THE MALAR VALIAfiY I.OOKINO DOWN (SOUTHWEST) TO ITS 
JUNCTION WITH ADVENT VALI.EY 
(Photo by Engineer Roller, 1917 ) 





244 


SOIBNTIFIO AUBRIOAN MONTHLY 


Maicb, IWO 



01<:NBiBAL vibw ok tub coal mink at i^ngybar city 


The mtue lies on the weet<*rD aide of a mnall tributary valley entering Advemt Bay from the south The en trance to the mine can be 
aeon high up on the hillside 4u the loft vrlth a cablcnray leading from it down to the harbor on Advent Bay In the center of the view. The 

houses at the foot of the slope are Longyear City. 


aearc'hi^H ai^ tht? study of the De\OQlan on the northern shores, 
the discovery of Quaternary volcanoes and of hot springs on 
the Avestem shore of Wood Bay/ and the true determination 
of the age of the massifs of crystalline schists In the north- 
western comer. These schists, ascribed to Archean, belong 
to the upper Heckla Hot*k series (Silurian). 

Besides these systematic expeditions, there were several 
others eaually successful. 

In 1908, Mrs. Hanna Resvtdl-Holrasen made a botanical sur- 
vey of the fiord region in West Spitsbergen. The same year 
and again In 1912 her husband, Dr Gunnar Holmeen, carefully 
studied the numerous strata of fossil Ice^ whose existence In 
the soil of SpltE^bergen was discovered in 1892 by tUie anther 
of this pnp<'r, 

OLACIAI. FKATUBES OF WEST SPITSBERGEN. 

Thanks to the Norwegian expeditions, tlie peculiar glacial 
phenomena of West Spitsbergen can now be outlined. In the 
northwestern comer there Is no ice sheet The former inland 
Ice, which had totally covered the region, has shrunk, and 
now alpine crests rise above the Ice to heights of 4,200 feet 
and delineate great ice streams. But eastward from a line 
Joining Cross Bay with the head of Wood Bay tlie alpine 
crests merge Into Ice-covered plateaus. As reckoned by Isach- 
een, the glaciated area in Uie coastal region extending from 
Smeereuburg Bay and Liefdo Bay to Cross Bay is 67 per cent 
of the total awa. On the other hand, the great peninsula 
betwt'cn Ice Fiord and Bell Sound with large plateau massifs 
divided by wide valleys bears no arctic character. In that 
imrt of Spitsbergen the glaciation Is only local The large 
valleys are bare in summer and have boggy soils and meager 
pastures. Forty years ago numerous herds of reindeer were 
to be found there In autumn. Southward from Bell Sound 
and around Horn Sound there is a rugged land with large 
coalescing glaciers issuing from an Ice sheet occupying the In- 
terior back of the high coastal crests. 

*A, Rod and O HoUcdabl Lea nappes de lave, lea volcans et lea 
sources therraaies dans les environs da la bale Wood au Spltsberg, 
Kn$ticn4a VidmiMkapgweUkapeta Bkrifter: i ITot.-nohirv. JCloese, 
1911, No. 8 <=pp. 1-87) Adolf Hod* Nouvellea observations sur le 
district volcanlque du ^pltsberg du nord, 1014, No. 0 (spp 

1 . 88 ). 

•Onnnar Holmsen: Spltd>ergeas Jordbondis of de bldrag dens un- 
dersokelse bar kunnet gl til forstaadseih av de i arkttake land 
optraedende varige Isleler i Jordeo, Norsbo Oeofr. gsMops AorboS. 
1912-18, Cbristlania, pp. 1-132, with sammary in Oerman, pp. 188-150 


THE fiUBUOUNiDlNO SEAS. 

The Norwegians have explored not only Spihdiergea, but 
also the surrounding seas The first undertaking of this 
nature was the classic Norwegian deep-sea expedition headed 
by Mohn, Sara, and Danlelssen whi(*h explored the Arctic Ocean 
from Iceland to Jan Mayen, Bear Island, and Spitsbergen 
(1876-1878). Later on, In 1090, HJort and Nansen carried 
out a very valuable oceanographic cruise in the Arctic Ocean 
as far as Bear Island. In 1901, before starting on his North- 
west Passage expedition, Roald Amundsen, on his celebrated 
G/do, investigated the oceanographic conditions around Spits- 
bergen.* During Isachsen's expedition In 1909 a great many 
vertical series of doop-sea observations were made.** Finally, 
in 3912, on his small yacht, Nansen Investigated the waters 
of the western and northern coasts of Spitsbergen,” 

The foregoing summary demonstrates the fundamental 
nature of the work the Norwegians have done In Spitsbergen. 
No other nation compares with them In their geographical 
discoveries, the number and accuracy of their surveys, and 
the extent of their scientific results in this archipelago. 

INPUSTRIAL DEVBT.OPMKNT — COI.L1KBIBS. 

With the twentieth century a new era begins In the history 
of Spitsbergen, Until then the archipelago had remained unin- 
habited, but during the past few years it has become a mining 
land and attracted a considerable number of Norwegian set- 
tlers. Coal deposits were long known to exist on the shores 
of Ice Fiord, but not until the first years of this century were 
they worked. 

At present the besbdeveloped collieries in Spitsbergen be- 
long to Norwegian companies. 

The Great Norwegian Spitsbergen Coal Company Is working 

*FrUltJof Nausea: Northern Waters. Captain Boald Amundsen's 
Oceanographic Observations in the Arctic Seas in 1901, KrUtiaMm 
Viaen9kap99M»kapeU i Mat-nnturo 1906 No. 8 

( = pp. 1-146). 

BJ5rn Heflland-Hansen and Fridtjof Nansen: The Norsrsglan Bea: 
Its Physical Oceanography Based upon the Norwegian Keaearches 
1900-1004 (Beports on Norwegian Fiahery and Marine Investigations, 
Christiania, 1000, vol. 2, No. 2). [A standard work.] 

wBjOrn Helland-Hansen and Fridtjof Nansen: The Ben West of 
Spitsbergen : The Oceanographic Observations of the Isacbsen Bplte- 
bergen E)spedltion in 1910, KrUtiania Vidmamp9$9Uk0P0i$ Bhriftmr: 
/. Mof.-natsro. Jrtatss^ 1912, No, 12 (sspp. 1-B9). 

^Fridtjof Nansen; Spitsbergen Waters: Oceanographic Obperra- 
tlons durtng the Cnilse of the ^Weelendy" to Spitsbergen In 1912, 
KrUtiania FitfeiwhopfaaMofMtt ShHffsr; /. Jrah-notere. Jtlosse 
1915, No. 2 (spp. 1-182). 
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tfti6 tao9t productive coal aeama on the Island on the western 
side of Adv«it Bay, which it bought in 1915 fom the Arctic 
Coal Company of Boston, Mass.'* From 1909 to 1910 the 
total exportation of coal by the Boston company amounted 
to 100,000 tons. In the three following years It amounted to 
80^000 tons.** This year (1919) the Norwegian ooimpany was 
also to start the exploitation of another coal deposit at 
Green Harbor. 

The Norwegian Kliigs Bay Coal Company Is working on 
the south shore of Kings Bay. 

There are in addition four other Norwegian coal companies 
now beginning development. One has bought the holdings of 
an English company on the northeastern side of Advent Bay 
and win resume work this year. The capital Invested In the 
six Norwegian collieries amounts to $4,200,000. 

After the Norw^ans come the Swedish Spitsbergen Goal 
Company, working on both sides of Braganza Bay (Bell 
Sound), and a Russian company working between Green Har* 
bor and Coles Bay under the management of a Norwegian 
engineer. 

The British are far behind, with two companies: the Scot- 
tish Spitsbergen Syndicate, headed by Dr. W. S. Bruce, and 
the Northern Exploration Company. Several years ago Dr. 
Bruce did some mining work on coal seams on Prince Charles 
Foreland, but nothing further seems to have come of it The 
Northern Exploration Company has quarried a conglomerate 
which was taken for marble on the north shore of Kings Bay. 
This stone is said to be of little value, and it is asserted that 
none has been exported. The same company also claims an 
iron-ore depoelt In Recherche Bay (Bell Sound) which Is em- 
phatically proclaimed to be one of the richest of the world. 
Scandinavian geologists who have studied this deposit are 
not of the same opinion. The Northern Exploration Company 
has recently undertaken preparatory work for mining coal on 
an Island in Bell Sound. 

SETTtJEMICNTft AND l>OPUX.ATtON. 

Advent Bay Is the chief population center of Spitsbergen. 
On its western side lies Longyear City, tho most important 
settlement of the archipelago, and now belonging to the Great 
Norwegian Spitsbergen Coal Comx)any. It offers very good 
accommodations, comfortable houfin^s, electric light — the last 
very necessary indeed during the four months of long polar 
night. There are also a telephone system, well-stocked stores, 
and a hospital attended by a physician. In the summer of 
1918 Ix)ngyear City numbered 800 inhabitants, all Norwegians. 
On the opposite side of tho bay there is another Norwegian 
settlement, Hlorthaven” Its population, entirely Norwegian, 
does not exceed 100 souls in summer and 60 In winter. 

Besides these there are, on the southern shores of Ice 
Fiord, two small Norwegian hamlets, one on land owned by 
the Russian company between Coles Bay and Green Harbor, 
and another In Ice Fiord, near the coal deposits belonging to 
the Great Norwegian Spitsbergen Coal Company. On the 
southern shore of Kings Bay a large Norwegian settl^ent 
(has been built near the Norwegian colliery, and on an Island 
of the same fiord are some houses belonging to the Northern 
Exploration Company. In Bell Sound, besides small Norwe- 
gian hamlets on both sides of the fiord, there are in Braganza 
Bay a Swedish village near the Swedish mine and a British 
settlement on Ax^ Island. 

During tho past sunsmer the Norwegian population of Spits- 
bergen amounted to about 800 souls, 

OOMMEBCB AND COMMUNICATIONS. 

Among Spitsbergen shipping tiie Norwegian flag takes first 
rank: 

Since Mr. Longyear sold hlo settlement to a Norw egian 

net. 09cgr. Ner., Tol. T, 1919, p. 818. 

nMX the etatlitleal data eoacemlng the present economic etatue of 
apitsbergen ate taken from an official statement prepared by the 
Morwegiah Govemmgnt which wm be lamed several moiitha hence. 

Mlt tehee the place of the former Bnilleh mining settlement of 
Advent Cltr/ which no longer exists. 


company, the other flags are represented only by a few units. 

In 1917 the g<^eral commerce betwe^ Norway and Spits- 
bergen attained its highest figure up to that time, $1,240,000 ; 
in 1918 It was probably much Mgher, owing to the increase of 
coal exports. 

At Green Harbor the Norwegian Department of Telegraphs 
has erected a powerful wireless station coiamunlcatlng with a 
station at Ingd, near the North Gape of Norway, and at the 
Norwegian settlements of Ijongyear City and of Kings Bay 
and at the Swedish settlement in Braganza Bay secondary 
wireless stations are installed. A Norwegian postal service 
is established between Norway and Spitsbergen, witfli three 
postofilces, at lA>ngyeHr City, Green Harbor, and Kings Bay. 
In 1918, from June to October, postal steamers made 26 
voyages" At the wireless station at Green Harbor a complete 
meteorologion] station la working whose observations are pub- 
lished in the Jahrbuch de$ Norwegwhen MeteorologUchen 
Instituts, 

DKAK JSIAND 

A Norwegian company has also occupied Bear Island (Bec- 
ren Elland). Lying 108 nautical miles southwards from the 
South Cape of Si>ItfA)ergen, this Island is not so cold as Spits- 
bergen. Its annual temperature Is —4 3*’ C. instead of —9.7* 
O. at Green Harbor, but the Bast Spitsbergen polar current, 
flowing westward, carries extensive drift Ice all around the 
island. When the season Is good, Bear Island is entirely Ice- 
free for at least four months; In bad years the sea remains 
Ice^rewn until July, but navigation Is possible before that 
time. 

At Bear Island coal occurs In the Devonian and Culm stnita. 
Since 1016 the building of a Si^ttlement and installations for 
the working of coal deposits have been under way ; bo far the 
exports have been small. Eighty men wintered this year 
on the spot. 

PRKDOMINANCK OF NOBWnOIANB IN SPITHBEBGEN NAVIGATION. 

The Norwegians have also had the largest share In the In- 
dustrial development of SpitslK^rgen, Besides this, their ac- 
quaintance with the ice conditions for more tlian a century 
has, in a way, given them the monopoly of navigation In this 
archlpidago, and nearly all the expeditions that have visited 
this Arctic land have engaged Norwegians as Ice masters, 
frequently even entirely Norwegian crews. Thus If the Nor- 
wegian Government should forbid Its nationals to pilot foreign 
ships to Spitsbergen, nearly all maritime traffic between these 
islands and other lands than Norway would cease or become 
very dangerous. 

POLITICAL HlfeTOnV 

Spitsbergen is not a **terra as It has been asserted. 

History establishes Its rightful position 

At the end of the seventeenth century and for a long time 
aferwards Greenland was supposed to stretch northeastward 
and rejoin northern Russia by way of the Arctic Ocean. 
Barents himself and all his contemporaries were of the opin- 
ion that the land which he had discovered was part of a 
group of Islands off the eastern coast of Greenland, and in 
thl*5 belief Spitsbergen was generally named Greenland until 
the beginning of the nineteenth century. Greenland belong- 
ing to the then united Norwegian and Danish crown, the 
King of Norway and Denmark accordingly claimed the owner- 
ship of Spitrtiergen. This claim was also based on his gen- 
erally accepted overlordship of the Arctic Ocean north and 
west of Europe, consequently of all the islands it contains 
wherever they might be and by whomsoever discovered. 

In 1610 a number of whales in the western fiords of Spits- 
bergen having been seen by Jonas Poole, the news ^read 
rapidly, and soon after numerous British, Dutch, French, 

»I>orlns the fiscal yaar 1017-1918 the Green Harbor station rec^ved 
2,041 telegrams and dispatched 8,828. It has Intercerpted 8.317 tele- 
grams from other European and from American stations. In 1918, 
10,822 letters, newspapers, and parcels were sent from Norway to 
Spitsbergen! andi 5,649 from Splttbeigen to Norway. 
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Danish, and Hanseatic \vhalers arrived at Spitsbergen. Among 
all these competitors troubles and disputes arose; even sea 
tights were not infrequent. The King of Norway and Den- 
luark, Christian IV., protested against these Incursions of 
his domain, and long diplomatic negotiations on the whale 
ftsbery and on the ovorlordship of Spitsbergen opened be- 
tween the Norweglan-Danlsh monarch and the King of Eng- 
land, the States General of the Netherlands, the King of 
France, the Hanseatic cities, and the King of Sweden. These 
polar islands were the occasion of the first colonial conflict 
among European natlona 

The King of England, James 1, never expressly acknowl- 
edged the claim of Norway-Denmark regarding the sovereignty 
of Spitsbergen. Nevertheless in 1014 he offered to pay a 
rent to the Danish King, provided that English subjects i^ould 
be granted a monopoly of the whale fishery In these islands 
together with the Norwegians and the Danea Later on he 
suggested to Christian IV that he should sell him his right 
to '^Greenland," that is Spitsbergen. The diplomatic transac- 
Uoqs with £)ngland ended in 1021 by an agreement giving 
equal rights to English and Norweglan-Danlsh whalers in 
Spitsbergen. On the other hand, in 1682 the overlordship of 
the King of Norway and Denmark was accepted by the 
States General ; however, a century later, in 1741, this accept- 


ance was questioned by the Dutch. In 1668, 1679, and 1692, 
France, Sweden, and the Hanseatic cities respectively reoog^ 
nlsed the sovereignty of the King bf Norway and Denmark 
over these polar landsw 

Why has Spitsbergen today been declared terra nulUuef 
During the second part of the sev^teenth century, whales 
having deserted the coastal water of Spitsberg^, there was a 
cessation of the disputes regarding these Islands. When two 
centuries later, in 1872, Spitsbergen again found a place In 
the minds of diplomats, the old transactlmis were totally for- 
gotten, and the archipelago was proclaimed terra n/alHue, 
Only recently, in 1912, Dr, Arnold Raestad revived a knowl- 
edge of their history, basing his information on the state pa- 
pers of Great Britain, Denmark, the Netherlands, and France.^ 
Is there no such thing in regard to treaties as title by long 
possession? By inheritance of the Danish king’s rights Nor- 
way possesses the sovereignty of the archipelago, but this 
sovereignty Is not complete, not having been recognized by all 
the powers. 


"Arnold Raestad; La Spltiiberg dans t'hlstolra dtplomatlqna (trans- 
lated from the Norwaglan by Charles Bahot). La Qiographie, vdl. 26, 
1912, pp 336-364 ; vol 26, 1912, pp 06-98 Tiie Norwegian original, 
*‘Norges hoihetaret over SpitNbergen 1 aeldre tid/’ Christiania, 1012, 
contains 47 ordglnal documents 


Higher Steam Pressures* 

What Its Adoption- Will Mean 


I M tboory It has long been established that there Is every- 
thing to gain by the adoption of relatively high steam 
pressures, and practically nothing to lose. As long ago ns 
1806 Prof. R. H. Thurston made this abundantly clear In bis 
paper on the “Promise and Potency of High-Pressure Steam." 
And since that time the science of thermo-dynamics having 
been more widely recognized by engineers as a sure guide to 
Improvement of heat engine economy, the tendency to Increase 
the temperature range of the working fluid has been more than 
ordinarily active. 

But of these figures we have at* the moment little concern ; 
they merely lead the way to more practical considerations. 
They take us quite naturally up to that point where we begin 
to consider the ultimate irasalbllltles involved in the adoption 
of much higher steam pressures. And here must we divide 
Into two separate and distinct phases of treatment our lines 
of thought; for we shall have to consider (a) what the adop- 
tion of higher steam pressures would mean in the design and 
construction of boiler machinery, and (b) what It will mean 
In the design of those parts outside the boiler, and which are 
to be subjected to the proposed higher pressures and higher 
temperatures 

An Example of Prexent-Dav Practice , — In the best present 
day practice, except for slightly higher pressures In some few 
Isolated cases, the maximum steam pressure Is 200 lb. per 
sq. In. absolute, the super^heat 200* Fahr. The corresponding 
temperature of evaporation is therefore 382* Fahr., the bulk 
of the heat being absorbed at a temperature 20* Fahr. below 
the maximum. An outside Instance of the practical adoption 
of a considerably higher steam pressure than this Is supplied 
by the 1,600 kw. turbine installation recently constructed 
by the BritbiA) Thomson-Ilouston Co , in which a steam pressure 
of 800 lb, per sq. in. was employed together with a super- 
heat of 700* Fahr., exhausting into a condenser of 28V^ In, 
vacuum. As clearly illustrating the measure of economy ob* 
talned as a result of-such increase of pressure and superheat, 
It was claimed that during a 10-hour full load test only 1.88 
lb. of coal per unit generated was consumed. 

This, per^Kw, might well be considered a notable achieve* 

•Reprinted from The XteetrMim (London). 


ment In a twofold souse. Inasmuch as such increase of pressure 
was accompanied with an almost unprecedented Increase In 
temperature of the working fluid. Certainly It stood os an 
exemplification of far higher temperatures tiian bad hitherto 
been employed outside experimental phases. But we will 
deal with this aspect of the case at a later stage. 

Effect on Standard Boiler Deeign . — ^Assuming the employ- 
ment of higher steam pressures to be Justified what effect 
will tills have upon standard boiler design? Present-day 
boiler designs and spedflcatlons do not permit the generation 
of steam at a pressure higher than 200-260 lb. per sq. in. 
wltliout sacrificing safety, and without calling for an Invest- 
ment in the boiler plant high enough to offset the gain iu 
economy caused by higher steam pressures. 

Must ell (>xlsting examples of boiler design be scrapped? 

Must all drums and steam vessels of large diameter, flat sur- 
faces and even dished ends be abandoned)— yes, even if stayed? 
Will all riveted, expanded or beaded joints exposed to the 
action of the fire have to go by the board? Will nothing but 
electrically welded Joints permit such an Increase as oon* 
templated? Will the high-pressure gmierator of the future 
be cylindrical? Of the water-tube type? Or of the flash 
type? Is Increased efficiency to be effected primarily ahmg 
lines altogether dlffetcnt from those obtaining In boilers 
working under pressures used today? Or Is It possible to 
retain present-day design and to Increase the evaporation per 
sq. ft of heating surface twice as high as that represented by 
the present-day practice? 

These are questions Involving much thought, demanding 
perhaps new and original channels of investigation, pregnant 
with possibilities. Who knows? Perhaps, after all, our best 
brains In the realm* of engineering science, our efforts, our 
striving after beating efficiencies have been utterly misdirected, 
lu that they have been ccmducted along altogetiier wrong 
chann^ When an apparent limit has been reached in van 
particular direction often It Is that a striking off at a tan* 
gent Into the seemingly Impossible will result In undreamed of 
eidtiermneot 

In view of the oonstderably higher temperatuxee tovolved 
in the production of these high steam preaeures we have ta 



MabcBi 1920 


SOISNTIFIO AMSRXOAN MONTHLY 


247 


mind, and nuppoving the waste gases leave the boiler at a 
temperature ol 700®-800* Fehr., will It not be necessary to 
conserve as large a proportion as possible of the beat units if 
el&ci^cy is also an end in view? This will bring us to a new 
consideration of the functions and limitations of the econo* 
miser. Or might it be suggested tentatively that the waste 
gases, or at least a portion of them, might very profitably be 
used in a r^^nerative form to heat the air which supports 
combustion in the furnace? 

Effect on MateriaU . — Passing from the boiler Itself to out- 
side oonstructlonal parts in the event of higher steam pres- 
sures being generally adopted, we find less insuperable diffi- 
culties barring the wtoy. Pressures of from 600 to 800 lb, per 
sq. In. are not uncommonly met witb today In internal combus- 
tion engine practice, as evidenced by the Diosol engine; 
higher even than these in compressed air and hydraulic in- 
stallations. But It will not be pressure alone that will have 
to be taken Into account in the matter of futufe design inno- 
vatSons; an increased superheat will mean Infinitely more than 
any contemplated pressure increase. If we add 600® or 700® of 
superheat it Is quite true that we shall effect a considerable 
saving, notably In pipe lines, seeing that higher velocities would 
be used, and that superheated steam has a much lower ther- 
mal conductivity than saturated steam But what of the 
boiler fittings and valves, the blading at the high pressure end 
of impulse turbines? In the latter connection the proposed 
Increase of pressure might well be compensated for by in- 
creasing the thickness of the walls, by substituting steel for 
cast iron, but very much higher temperatures will necessitate 
the adoption of a special heat-resisting steel alloy for the 
blades at the high-pressure end of the turbines. Or it may 
well be that much of the difficulty In this direction will be 
got over by the employment of cross compound types of tur- 
bine, such as are employed in marine work, each turbine 
driving a separate generator, the change of temperature In 
each unit being thus ooneiderably reduced. 

High PreeeurG and Reciprocating Engines . — With such In- 
crease both of temperature and pressure, recLprooatlng engines 
of the double flow type roust, because of their excessive con- 
densation losses at the period of steam admission, and to heat 
transference between the steam and the cylinder walls, give 
place to the unifiow type of piston engine. But as against the 
adoption of the latter must be set the fact that It is Impossi- 
ble to carry expansion down to the condenser pressure ; this is 
a factor that will need thoughtful consideration. But might 
It not be got over by operating It as a non-condensing engine, 
utilizing the heat from the exhaust In the feed water? 

It Is a debatable point whether the future will see cast Iron 
holding Its present position in the constructional details of 
steam engines. Many cases can be cited of casting failures 
where the final temperatures of the steam was only 500® Fahr., 
while on the other hand there are doubtless many plants using 
superheated steam of a temperature even higher than this, 
equipped with nothing but oast iron flttfngs and valves 

Some authorities hold that providing the cast Iron contains 
a large proportion of ste^ in order to give It the necessary 
strength to resist the greater eximnslon strains involved, and Is 
low In silicon content, there is little need for the employment 
of cast steel In the event of any reasonable high temperatures 
being adopted. But doubtless this assumption would have 
been based on preecnt-day practice, and would not therefore 
hold good for the very much higher temperatures now In 
contemplation. 

In piston engines of the double-acting type the question of 
cylinder lubrication will be all Important la the event of higher 
steam pressures and increased superheat. It Is questionable 
If the advent of pressures of from 400 tb. to 600 lb, per sq. in., 
together with a superheat of from 600* to 800® Fahr. will 
permit of the use of ^ther slide or OotUss valves. The packed 
rod might also present insuperable dllficultles. This then 
would lead us inevitably to the consideration of the slngle- 
actfng type of engilne; perhaiHi from "the point of view of 


weight per horse-power and efficiency, the only logical design 
for these higher pressures. 

Also Important in piston engines Is the question of cylnder 
lubrication. The greater prox>ortlon of the lubricating oil 
now used in piston engines is required for the steam distri- 
buting valves; that actually required by the piston and pis- 
ton rings being comparatively small. Consequently, the pos- 
sibility of sufficient piston lubrication is not a^ected by higher 
initial steam pressures, because even In ease of very high 
mean eflTeetive pressures in single-acting engines, where the 
piston serves as crosshead, and therefore requires constant 
lubrication, the piston can be made sufflclenty long to keep 
the pressure per square Inch' within safe limits. 

It thus seems dear that if we increase steam pressures to 
say 500 lb., or 600 lb., per sq. In. without using temxmratures 
much higher than those employed in modem practice, the 
more radical changes in design will be those requiring to be 
effected in the steam generator. But if we Increase in the 
same proportion the existing degree of superheat-^nd this 
seems almoet essential If the fullest advantages are to be ob- 
tained — then must the changes in design be much more compre- 
hensive; and will exercise to the utmost the skill and Judg- 
ment of engineers and power plant designers. 


EFFECT OF DECAY ON WOOD PULP. 

CucAif groundwood pulp and pulp infected with molds and 
fungi have been used in recent comparative paper-making trials 
at the Forest Products La'boratory. These trials showed that 
infected pulp was inferior to clean pulp in the following 
respects: 

The Infected pulp produced a very dirty sheet. It re- 
quired more sizing than the clean pulp. It stuck to the couch 
and press rolls and gave trouble from excessive foaming. 

Although groundwood pulp is usually considered too slow, 
the extreme freeness of the Infected pulp caused difficulty in 
carrying the necessary amount of water on the paper machine 
to secure a good formation in the finished paper. 

Based on the percentage of groundwood, the infected pulp 
used In the experiments yielded 10 per cent lew finished paper 
than the clean pulp. 

The strength of the finished paper was greatly reduced by 
•the use of infected pulp. In a groundwood sulphite finish, 
this decrease In strength would necessitate the use of a 
larger percentage of the more expensive sulphite pulp. 


KILN DRYINO OF GREEN HARDWOODS 

Successful kiln drying of huwlwood lumber green from the 
saw necessitates a very even control throughout the kiln at all 
Umes. Tills means that variations in temi>erature of even 
a few degrees or variations In relative humidity of 5 to 10 per 
cent are seldom permissible. Such uniformity Is possible 
only when the heating coll is properly drained, la relieved of 
air. and Is distributing heat uniformly along Its length. 

It is the contention of the Forest Products Laboratory that 
the return-bend heating coll system, by bringing about more 
uniform distribution of heat in the kiln, enables the oper- 
ator to obtain quicker and better drying than is possible 
with the header-coil system, as it Is generally installed. 

The return^nd heating ooll gives a practically even heat 
distribution under any steam preseaire. The header-coil pro- 
duces different temperatures at either end of kiln, the ex- 
tent of variation depending on the steam pre.s&ure, length of 
colls, drainage, traps, etc. 

Refractory hardwoods require low temx>eratures, and the 
lower the temperatures used, the more evident will be the 
difference In the results oljitalned with these two types of 
heating equipment. Under the same careful oi>eration, green 
hardwood lumber may be turned out from kilns using the 
one type satisfactorily dried, and from kilns using the other 
type chWked and overdried at one end and molded and under- 
dried at tlie other end. 



Firing Steam Boilers Without Flame* 

Recent Developments in Surface Combustion Boilers 
By Professor William A. Bone, D.Sg., F.R.S., and P. St. G. Kirke, M.A.y A.M.I.C.E. 


W HAT Is now known as the Bonecourt system of surface 
comboBtion embodies the practical results of certain 
discoveries made by one of ua during sdentidc re* 
searches upon the influence of hot surfaces in promoting 
gaseous comiiustlon It is recognlssed nowadays by all chem- 
ists that chemical interactions in gaseous systems are pro- 
moted by the catalytic action of hot surfaces, and the case of 
gaseous coinimstiou is no exception to this general law. The 
researches referred to proved that, If an explosive gaseous 
mixture be either injected on to or forced through the Inter- 
stices of a porous refractory Incandescent solid, under certain 
conditions, a greatly accelerated combustion takes place within 
the intertfUces or pores : or, In other words, within the 
boundary layers between the gaseous and isolid phases wherever 
these may be In contact and that the heat developed by this 
Intensified combustion would maintain the surface in a state 
of Inoundescence wiithout any development of dame, thus 
realising the conception of flaineless incandescent surface 
combustion, as a means of greatly Increasing the general 
efficiency of heating operations wherever it can be conven- 
iently applied 

Perhaps the simplest illustration of this system of flaraeless 
Incandi^cent surface combustion Is afforded by the diaphragm 
method of applying radiant heat, and It was obvious from the 
first that Important results would accrue if by any means 
it could be successfully applied to the raising of steam in 
gas-fired boilers. 

It will probably be generally admitted that up to a few 
years ago the gas firing of steam boilers bad not been very 
successful from the point of view either of thermal efficiency 
or rate of evaporation. The low thermal efficiency of bollens 
fired in the ordinary way by blast furnace gas Is notorious, 
while even In the case of boilers fired with coke oven gas the 
thermal efficiency probably did not much exceed 05% or 70%. 

The first experiments made In the year 1009 by the late 
Mr. C D McCourt and one of us upon the application of the 
principle of surface combustion to the gas firing of mulu- 
tubulnr boilers, proved the possibility of transmitting between 
90% and 95% of the not calorific value of coke oven gas to 
the water in the boiler. The nature of th(*se early experi- 
ments lias already l>een dealt with so often In public that It 
will be unnecessary for us to enlarge very muc^ upon them. 
Suffice it to say that the first experiment In lieeds was made 
with a single steel tube 3 ft. In length and 3 in. In diameter, 
imcked with fragments of granular refractorj' material, 
meshed to a proper else, and fltt«*d at one end with a fireclay 
plug through which was horotl a circular hole % In. diam- 
eter, for the admission of the explosive mixture of gas and 
air at a speed greater than that of hack-firing. 

Kxi>erlmenting with such a tube, it was found possible to 
burn completely a mixture of , 100 cub, ft. of coal gas plus 
650 cub. ft. of air per hour, and to evaporate al>out 100 lb. of 
water from and at 100* O. (212® F.) per hour (20 — 22 lb, per 
sq. ft. of heating surface), the products leaving the further 
end of the tube at pracllcally 200® C. This meant the trans- 
mission 1o the water of 88% of the net heat developed by the 
combustion, and an evaiK>ration pcT sq. ft. of heating surface 
nearly twice that of an express locomotive boiler. The com- 
bustion of the gas was completed witidn 4 or 5 In. of the point 
where It entered the tube. Of the total evaporation, no less 
than 70% occurred over the first linear foot of the tube, 22% 
over the second foot, and only 8% over the last foot. This 
pointed to a very elfecUve “radiation” transmloslon from 
the incandescent granular material In the first third of the 
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tube, where tbe one of active combustion was located, al- 
though it should be remarked that the lod of actual contact 
between the Incandescent material and the walla of the tube 
were so rapidly cooled by the transmission of heat to the 
water on the other side that they never attained a tempera- 
ture even approaching red heat Tbe granular material in 
the remaining two4?hlrds of tbe tube served to baffle the hot 
products of combustion and to make them repeatedly impinge 
with high velocity against Uie walls of the tube, thus ma- 
terially accelerating their cooling, end either preventing or 
minimizing the formation of the feebly-conducting stationary 
film of relatively cold gases which In ordinary practice clings 
to the tube walls, seriously Impairing the heat transmissioa. 

From this initial experiment Bone and McCourt proceeded 
to construct their first experimental boiler (Fig. 1) which was 
made of ten such tubes fixed horizontally In a cylindrical steel 
shell capable of wlthstandilng a pressure of over 200 lb. to 
the sq. in. This small boiler was connected with a small 
tubular feed water heater containing 9 tubes, each 1 ft long 
and 8 in. diameter, similarly packed with granular material 
to facilitate the exchange of heat. 

With this simple combination of boiler and feed water 
heater we were able to transmit to the water 93 3% of the net 
heat units contained In London coal gas of 510 B.T.U. net 
per cub. ft. at N.T.P. and obtain an average rate of evapora- 
tion of as much as 33 9 lb. water i>er sq. ft. of heating surface 
per hour (from and at 212® F.) ; the stoam gage pressure was 
103 lb. and the products of combustion left the feed water 
heater at a temperature of 289® F. 

The details of these results are shown In Table 1. 

XiBue 1. 

8 Peo. 8 Jan. 

1910. 1013 

Net cal. value gas in B.Th.U. per 

cub. ft. at N.T P 662 610 

Bate of evaporation lb water per 
sq. ft heating surface per hour 

from and at 212° F 21*6 33*9 

Pressure of gaseous mixture enter- 
ing the tubes. Ins. W.Q 17*3 40*9 

Pressure of products entering the 
feed water heater Ins. W.G ... 2 0 6*14 

Steam gauge pressure in lb. above 

atmospheric 100 103 

Boiling point water iu Fahr.° ... 338° 340° 

Temperature products leaving boUor 

In Fahr.® 446° 634° 

Temperature products leaving feed 
water heater Fahr.® . . . 203° 289° 

Net heat supplied to boiler per hour 

InB.ThU 669,800 728,338 

Net beat transmitted per hour In 

B.Th.U 627,800 680,000 

Efficiency ratio 0*943 0*938 

SKINNINGBOVE BOILEB FOB COKV OVBN QAS. 

The success of this first expeirimental boiler enabled ua 
to proceed Immediately wWh the erection of a much larger 
plant (Fig, 2) on similar lines for coke oven gas, at the 
Skinningrove Iron Works in the year 1911. It consisted of a 
boiler drum 10 ft. In diameter and 4 ft from front to back, 
traversed by 110 steel tubes each of 3 in. internal diameter, 
packed with fragments of suitable refractory granular ma- 
terial. To the front of the boiler was attached a specially 
designed gas feeding chamber whldi delivered washed coke 
oven gas at tbe ordinary temperature and under a pressure 
of 1 to 2 in. water gage to each of the 110 combustioii tubes. 
This gas, together with a regulated proportion of air from the 
outside atmosphere, was drawn under suction from a fan, 


248 



llABOHy 1020 


SOIENTIFIO AMBRICAN MONTHLY 


249 


tliTOQgti a i^art mixing tube^ into each of the said combne- 
tloii iubea where It was burnt without flame In contact with 
the Incaudapoent granular xnaterlaL After leaving the boiler 
tubes the products of combustion passed onwards Into a semi- 
circular chamber at the back of the boiler, into a tubular 
feed water heater and from thence they were drawn by the 
fan which discharged them at a temperature of 05* 0. into 
the atmosihere. 

In a series of Independent trials carried out on the plant 
by an eminent American steam engineer in July, 1912, It 
was found that, even when the boiler was not lagged and 
when it was raising steam at a pressure of 100 lb. above that 
of the atmosphere, 02.7% of the net heating value of the 
coke oven gas was transferred to the water and sent out as 
steam, the overall evaporation being at the rate of 14 lb. 
per sq. ft. of heating surface per hour (see Table 2). 


Tabus 2. 

BeiuU^ of Bieam Trial, 

July 29th, 1912. 

Dorattcn of test in hoars 10 

Mean steam gas pressure in lb« per sq. 

in, above atmospheric 97*2 

Total OM burnt in cubic ft. at N.T.P. lOlt80d 
Net calorlflo value of gas B.Th.n. per 

cub. ft. at K.T.P. 510*6 

Total net heat supplied. B.Th.U. ... 52,008,996 

Temperature of products leaving boiler 

InFahr.'’ 386(196® C.) 

Temperature of products leaving feed 

water beater In Fahr.* 202(94*6® G.) 

Total water evaporated In lb. from and 

at 2X2® F 49,824 

Evaporation In lb. persq. ft. of heating 

surface per hour 14*1 

% of dryness of steam 99*8 

Total heat utilised in B.Th.U 48,208,899 

•b XI heat utilised 

net heat supplied “ ® 

SSSLiSS'% } - «09T Wtt. = («,) »•. h.p. 


As is often the case, the first attempt to translate a new 
Idea of this kind Into everyday large-scale practice was not 
unattended with difficulties, the investigation of which has 
taught us certain valuable lessons. There was no difficulty 
whatever with the Sklnnlngrove boiler or boiler tubes, or 
with the gas feeding arrangements. Notwithstanding the high 
evaporation, the mechanical properties of the tubes were not 
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in the least Impaired, and the Sklnnlngrove experiences have 
shown that there is nothing wrong with the evaporating part 
of the Installation. On the other hand the type of fan put 
down at first to draw the gaees through the system and to 
discharge the cool products of combustion into the atmosphere 
was foun<l to be unsuitable for dealing with corrosive gases 
containing email quantltiee of oxides e£ sulphur at the ex- 
tremely low temperature of 96* C., to* which the products 


were reduced by the feed water heater. The burnt products 
had no corrosive action at all upon the boiler tubes or tube 
platen but they were found to attack the outlet tube plate 
of the feed water heaters and the fan Impellers. 

The average temperature of the products leaving the boiler 
when evaporating at a gage pressure of 95 lb. to the sq. In. 
was about 196* C., or only 28* C. above the temperature of 
the steam. The effect of the feed water heater first installed 
was to reduce this temperature to practically 95* 9 • which 
was too low to prevent corrosive action. According to our 
experience, 120* 0. is the lowest limit to which the tempera- 
ture can be reduced without the risk of corrosive action upon 
the fan, and to allow a sufilclent margin of safety at light 
loads It would be preferable not to reduce it below ISO* 0. 

As there wos no supi^rheator, the work which could be 
done by the feed water heaters In reducing the products from 
196* G. to 180* O. was so small that It was decided. In altering 
the Sklnnlngrove plant, to cut out the feed water heater 
altogether and to substitute farm running at a lower speed, 
and fitted with water-cooled oil ring lubricated bearings on 
account of the higher temperature of the products to be dealt 
with, and this has been done. The efficiency of the plant, 
now that the boilers arc Inggi^, will still be about 90% on 





FIG. 2 LrATlGWR PI^ANT AT SKINNI NtJIlOVE IHON WORKS 

the net calorific vain** of the gas supplied, oven without the 
feed water heater. 

B01LFB8 WITH RK.ID BJO<’K PACKINO lOR PIlODUCEB GAS 

Severn! other t>oiIers of the Sklnnlngrove tyiX', with certain 
raodiflcations In the packing and burners, and reduced suction, 
have been installed by the Bonecourt Waste Heat Boiler Go., 
Ltd , TiOndon, on Uie mains of the South Metroi>ollfan Gas 
Company and the Gas Light and Coke Company. From a 
technical point of view we are still prepared to erect large 
boilers of the modified Skmningrove design for coke oven 
or coal gas, and to guarantee their high thermal efficiency 
and smooth working, but as the n^ult of more recent develop- 
ments In regard to the structural features of the boiler, we 
would now recx)mm(*nd ono or other of the types to be de- 
BCirlbed presently, which have been duly protected by iMitent 
applications 

Although a boiler with 100 or more tubes, each 4 ft long 
by 3 In diameter, packed with loose fragments of a suitable 
granular refractory material, as in the case of the Sklnnin- 
grove boiler, is eminently suitable for use wmi a perfectly 
dustlesB and tarless gas, such as coke oven gas, It is prefei> 
able, when dealing with gases which are liable to contain 
dust or tar, to substitute a special rigid system of refractory 
surfaces (Fig. 3) over whlcb the combustible mixture 8weei)s 
and In contact with which It Is burnt at a highly accelerated 
rate. This has enabled tubes of much greater length to be 
used, which has the advantage of reducing the diameter of the 
boiler, reducing the number of thimers, and reducing the 
cost of construction for a given evaporation. A further ad- 
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vantai^e la that the amount of suction required has also been 
considerably reduced. 

The use of this new rigid system of refractory packing 
has also reduced the maxlimum temperature produced on the 
packing surfaces in the front part of the boiler to a degree 
certainly below 1,000® C, and probably to about 860® C. 
Tills has been done by facilitating the heat Iransmission to 
the water by free radiullon from the whole of the packing 
surfaces to the tube walls As an Illustration of these newer 
types of boilers we may describe the constructional features 
of two boilers erected In the year 1914 In the Birmingham 
district for generating steam from gas made in Kerperley 
producers. 

These boilers are eac4i 10 ft. diameter by 12 ft. long; each 
unit contains 38 tubes, 0 lu. diameter, packed with the special 
rigid system of molded refractory blocks. Each of the tubes 
is provided with its own gas supply, which can be easily reg- 
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ulated by means of u wheel- valve on the boiler front, while 
the air requisite for combustion, together with a regulated 
proportion of gas, is drawn into each tube, through a short 
mixing chamber, by the suction of an electrically driven fan 
situated at the back of the installation. Bach unit will 
evaporate up to 16,000 lb of water from and at 100* 0. per 
hour. The combustion in the tubes Is perfect, and when oper- 
ating at a gage pressure of 85 lb. per sq. In, the products leave 
the system (there being no feed water heater included in the 
Installation) at less than 250* O. 

These two boilers, it may be said, have been running con- 
tinuously for nearly five years, and no tubes have yet had to 
be renewed In them. 

The only criticism which we have to pass as the result of 
experience gained In working tliem, and which led us to adopt 
further modifications, is that we did not consider that a 
burner system which involved the use of separate wheel valves 
for each tube of the boiler could be regarded as finality, and 
that It would bo an advantage, from the point of view of 
evaporative power, If by any means tubes of smaller diameter 
ahd still greater length could be adopted in order to In- 
crease the heating surface. 

The next step was an important Improvement in the design 
of the burner which has enabled us to dispense entirely with 
separate control for each boiler tube and to feed a whole 
nest of tubes from a gas-box controlled by one valve. The ele- 
ments of this design are shown in Fig. 4. The Illustration 
of this newest burner shows a gas chamber controlled by one 
valve capable of supplying gas to a nest of 26 boiler tubes 
The gas Is fed Into chamber from a main on which there 
is a cook controlling the pressure in the gas4>ox. The front 
of the box Is Iwred with a number of holes, of the correct 
size, each ot ^hlch is Immediately opposite the axis of one 
of the boiler tubes. These holes are of uniform bore, but 
their diameters are adjusted by a rimer In such a way that 
with a given gas pressure In the box ea<^ delivers exactly 
the correct quantity of gas to each boiler tube even when that 
quantity may vary slightly in different tubes. Hence the 
quantity of gas admitted to each tube depends Simply upon the 
pressure in the box which is controlled by the single valve 
referred to While the quantity of gas is controlled by the 
gas pressure, tlie air is controlLed by the fan, and ell the 
operator has to know is how to vary the two together for dif- 
ferent loads, which inforhmtion Is given him by the com- 
pany's expert when the boiler Is first put Into comiMssion. 


BOUJUtS WITH BVX^Jkh PACKlUO. 

In one small boiler operating on Londem coal gas with 
natural draught fitted with such a feeding chaiiid>er there are 
26 tubes, each 2 in. diameter, and 4 ft long. Each tube Is 
fitted with an iron packing of spiral form, the front part of 
which becomes red-^hot and acts as the catalysing surface for 
the combustible mixture, and iso completes the combustion 
flamelessly in the first foot of the boiler tube. The products 
of combustion sweep through the system in a ^;>iral motion and 
rapidly give up their sensible heat to the water. 

ttXPBBIMBNTS UPON BU7BBHKAT. 

During the early stages of the development of our designs 
we were concerned mainly with the problem of evaporation 
and heat transmission. The Important subsidiary problem of 
superheat was left until later. It was of couroe recognized 
that it would be impossible to develop the system for large 
power station work where high superheats are required un- 
less a satisfactory solution of the subsidiary problem had been 
arrived at. During the war the problem was tackled on an 
exi>erlmeDtal scale, with results which have enabled the 
boiler design to be modified so as to provide for st^erheats 
up to the highest degree required In modern power station 
practice. As these experiments were begun at a time when 
we were using tubes of 6 in. diameter, the well-known and 
well-tried locomotive type of superheater adapted for inser- 
tion In flue tubes of 6^ In. diameter or thereabouts was 
first tried. 

In the first experimental arrangement a tube 18 ft. long 
and 6 in. diameter was packed for the first 4 ft of Its length 
with the aforesaid rigid block packing, for the next 6 ft with 
a superheater element, and for the remaining 8 ft with a 
specially shaped paekang. The tube was fitted Into a boiler 
shell 18 in. diameter suitable for a working pressure of 100 
lb. to the sq. In. Tlie gaseous mixture was burnt and the 
temperature of the products reduced to 1,800* F. (about 700* 
0.) before reaching the siuM'rheater element, and, after leav- 
ing the latter, the sensible heat remaining in the products 
was rapidly given up to the water in the boiler. By means 
of this arrangement steam at 100 lb. pressure was superheated 



FIG. 4. GAiS CHAMBER BUPP1#T1N0 26 BOILER TUBES 

192* F. to a total temperature of 530* F., while at the same 
time the temperature of the products leaving the system was 
reduced to 442* P,, which was only 104* P. (58* C.) above 
the temperature of the saturated steam In the boiler. No 
feed water heater was attached in this experiment. In an- 
other experiment a superheat of 840* F. was obtained; the 
total temperature being 678* F., but in this case the tempera- 
ture of the products leaving the system rose to 500* F,, or 162* 
F. (90* O.) above that of the saturated steam in the boiler. 

The Improvements already described in the burners of the 
boilers, and the return to tubes of smaller diameter made It 
advisable to discard the locomotive type of superheater in 
favor of a modified type of that commonly used in Lancashire 
boilers. 

Finally a complete unit, as shown in Fig. 6, comprising the 
boiler, burners, superheater, feed water heater and fan, all 
on one foundation, has been designed. The boiler Itself is 0 
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diameter by 18 ft long. There are two neete of tobea 
which are pecked with the Iron spiral pecking already referred 
to. Ela<di neat is flred from one homer-box and controlled by 
one valve. The packing of the tubes is so arranged that the 
products of combustion will pass from the boiler to the super- 
heater ait a temperature of 500^ C.i more or less acoordlng to 
the amount of superheat required, while the sensible beat 
contained in the gases leaving the superheater Is recovered 
In the teed water heater, the temperature of the gases being 
reduced to 130* O, In the feed water heaiter, at which temper- 
ature they enter the fan. Such a combined arrangement of 
boiler superheater, end feed water heater in one unit has 
the advantage that It allows of a greatly increased evapora- 
tdon in the boiler Itself per unit of heating surface as compared 
with the former arrangement of holler only, and, so far as 
can be estimated from our experiments, this small boiler 
would easily evaporate 20.000 lb. water from and at 212* F. 
per hour when supplied with coke oven gas. and 15,000 Ih from 



PIG, 6. OOMIBINRD AKBANGBQklxaNT OF BOILEm SUPBR- 

EBUTIOR AN1> FI&E3D WATER HEATER IN A SINGLE UNIT 

end at 212® F, per hour when supplied with producer gas. In 
either case the suction would not be more than 9 In. of 
water, and the overall thermal eflldency would be the same 
as in the original Sklnningrove unit. 

As the pressure at which steam Is generated In modem 
central power stations is rapidly Increasing It is Interesting 
to note that the boiler shown in Fig. 5 can be made out of 
ordinary plate for a working pressure of 450 lb. to the sq. in. 

Objections someUmes put forward against shell boilers are 
not applloable to the Bonecourt boiler as, like the shells used 
In water-tube boilers, they are neither subjected to contact 
with the hot gases, nor used as part of the heating surface. 
Moreover, unlike some water^ube boilers, the shell plates are 
not dT4Ued to accommodato tubes. They have the great ad- 
vantage over water-tube boilers in that there Is no Internal 
pressure tending to burst the tubes. The tubes are floated 
by the water, and as the water can flO'\v to the heating sui^ 
face over the whole length of the tubes Instead of only at one 
end, the boilers can be forced in an extraordinary manner 
without risk of priming or of burning the tubes out. 

In water-tube boilers It Is common practice to couple a 
number of shells in parallel. In the Bonecourt boiler, not only 
can drums be placed side by side, but also one above the 
other and yet controlled by a single set of steam flttlngs. 
From these remarks It will be seen how easy It Is to make 
a Bonecourt multi-drum boiler for almost any output and for 
any desired pressure and superheat, the space occupied being 
far less than that of any other boiler. Back-firing is Imjmssl- 
Me, and there are no largje combustion chambers In whlc^ dan- 
gerous explosions can occur. 

WASTE HEAT BOILKB DEVELOPMENT, 

In addition to the development of surface combustion boil- 
ers described in this paper, considerable progress has been 
made commercially with the installation of waste neat boilers 
in various parts of the kingdom, for the generation of steam 
from the hot pioducts of oombasti<m discharged from internal 
combustion engin^M and industrial fumkeea 


“BLUE-SHORTNESS" AND AGEING OF IRON. 

H. Fettweis attempts in Stahl to. Ei$en a comprehensive 
explanation of “blue-shortness** and the ageing of iron and 
steel, based on the following theory: 

By working the material at temperatures below 600 deg. O. 
a transformation is set up. which may be termed “ageing." 
This "ageing/* which tends to Intensify the effect of cold- 
working, requires months and years to develop at ordinary 
temperatures, but take's place more quickly with a rise In 
temperature, so that It may even develop In fractions of a 
second and so cause the phenomena of blue-shortness. From 
about 100 deg. 0. onwards the consequences of ageing are 
weakened by the effects of reheating or tempering the metal, 
which effects are more pronounced the higher the temx>erature. 

Based on tills theory, it la possible to throw light on the 
following phenomena : 

(1) In strength tc'sts carried out on that material, a min- 
imum value of the tensile strengtli Is found at 80* C., and a 
maximum between 200® and 300* C., In tlie case of tensile 
tests carried out at ordinary speed. When the speed of test 
is Increased, the curve showing the strength in terms of 
temperature is displaced In the direction of the higher tem- 
peratures. The yield-point gradually falls with increasing 
temperature. The resistance of iron to repeated impacts also 
shows value between 200* and 300* C. whereas the minimum 
notch-impact strength as determined by a single blow lies 
between 400* and 600® C. 

(2) If iron is worked at temperatures below 600* 0., and 
afterwards tested at room temperature when cold, a maximum 
and minimum respectively for all the strength properties of 
the material is found between 200* and 300* 0. The tensile 
strength minimum at 80* 0. disappears. 

(3) The same results as in (2) are attained when the ma- 
terial is worked cold and then heatod to a higher temperature 
for not too long a time, 

(4) In order to bring about the above-mentioned changes 
In Iron, which are characteristic of "blue-shortness,** it is not 
necessary to heat it, hut It is sufficient to have the cold-worked 
material lying at ordinary temperatures for some time, 4. e.. to 
allow It to "age ** 

(5) If completely aged Iron Is reheated to different tem- 
peratures. then on afterwards testing the material It is found 
that all the strength properties gradually fall or rise with 
increase In the reheating temiperatutre. ^v1Ithout, bowever, 
showing a maximum or minimum value. 


STEAMSHIP SUNK BY SUBMARINES TO EXTINGUISH 

A FIRE. 

The most spectacular and lostly marine accident which has 
occurred at the Panama Canal since it has been In operation, 
resulted from an explosion in the hold of the American steam- 
ship "Marne" on the afternoon of January 24, while she was 
reloading part of her cargo at pier 11, Cristobal The explosion 
was Immediately followed by fire. In the cargo was 100,000 
oases gaaolino and benzine and in her tanks abont 1,700 tons 
of fuel oil. The fire of this Inflammable material being be- 
yomd the control of the terminal Are engines and fire tugs, 
the ship was towed away from the ixler and sunk in shallow 
water. Tlie great heiit made it Impossible to sink the vessel 
by opening cocks below the water line and she was sunk 
by shots from two of the Navy submarinos. Fifty-four rtiots 
were flred from 3-inch guns Armor-piercing shells were used 
first, flred into the vessel amidshipB. The holes they made 
wore not large enough to admit ^vtiter rapidly, and about 
six shrapnel shells were fired into the stem which pierced the 
hiuU and tke "Marne” settled and sank In about 40 feet of 
water, Inside the breakwater, about a mile from the outer 
end. After sinking, her decks were awash and the oM floating 
on the top continued to bum. Cases of gasoline and benzine on 
fir© floated away from the ship and spread out over the 
harbor for a distance of half a mile. At night, these were a 
lurid and unusual sight. — From The Panoma CmaX Record. 







Clearing Canadian City Streets of Snow* . 

Horse'drawn, Power-operated Snowplow 


A POWER-OPERATED rotary anon plow hauled by 
horses Is a new development in machinery equipment 
for cities where removal of snow Is a seiious and an- 
nual problem. Such a machine is being used on streets, suburban 
roads and sidewalks In some Oanndian cities witb satisfactory 
results as to both efficiency and economy. The general de- 
sign is shown in Fig 1, while our frontispiece shows a rear 
view of the machine in use. In Fig. 2 the plow Is shown work- 
ing on a sldewulk In a residential district Its weight ib about 
three tons and its length is 18 ft. over all. 

Swiveling sleds curry a frame 14i4 feet long, the team 
being hitched to the forward sit'd and the rear sled being 
steered by means of a handwheel. Upon the frame Is ”K>unte<l 
a 00-h p gaHoUne engine, having its shaft placed longitudinally 
and gtnred to a crows shaft ot the rear This shaft ha«5 a 
wheel for chain drive to a shaft hung below the 
frame and carrying two rotary cutters. The cutter shaft can 
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PIG. 1 ROTARY PLOW POR STREKTS AND ROADS, MOUNTED 
ON SLEDS AND HAULED BY TEAMS 
A— handwhool for Btoeiiiig rear sled. B — Handwheel for regulating 
height of cutter shaft, C — Engine levers, D — Sprocket wheel; E — 
Engine shaft. F — Driving chain, G — 22-Jn cutter, H — Nose of wedge 
plow, I — Discharge opening, J — Snow deflector. 

be raised nnd lowered In order to vary the depth of cut as 
may be n^quired. The four-bladed cutters mounted on this 
shaft an^ 22 In in diameter, 22 in. wide and 22 In. apart, a 
wedge-shaped plow lieing placed In front of the space be- 
tween the two cufttens so os to deliver the snow to tbera 
Thus the total width of cut is 5^^ ft. The snowplow Is carried 
by the frame of the cutter shaft and is thus raised and low- 
ered with It. 

The cutters are driven at a speed of 500 r.p^m. and discharge 
the snow as a hnely divided dust through deflecting hoods 
on one or both sides of ttie machine, the maximum width over 
these being CVj ft. The deflectors are adjustable, to enable 
the snow to be delivered at about 3 or 4 ft from the machine 
in stretbs or thrown to a diatanoe of 40 to 50 ft. on suburban 
foadB. Thus no snow Is thrown against buildings or win- 
dows along the streets. In ifhe suburban districts the resi- 
dences are set back from the street, so that the snow from 
the roadway and sidewalks is thrown over the lawns. No 
objeotion Is raised to this, as the snow is spread and does not 
form banks. In widening the first SVi-ft cat, or In operating 
along streeit railway tracks, the nuK^ne is offset so as to be 
crowded Into the solid snow while the horses travel in the cut 
already cl^red. 

Four or six horses are used, but the machine can be attached 
*Repro<iuced by courtesy of Sngln^evring :Veiot-Ercord. 


to a tractor or trade. The draft Is not heavy, as mly the 
forward sled has to break through the snow and this will 
go through a SO-in. depth without trouUe, while the rear sled 
travels in the cleared path. The machine will work In snow 
u(p to 6 ft. deep, as In the case of drifts. It leaves a bed of 
snow beneath It so that slelifid^ traffic is not Interfered with, 
this bed being usually 4 In. to 6 in. deep on municipal work. 

In a test at Westmount, Que., under the direction of P. E. 
Jarman, dty engineer, the work was to remove and distribute 
heavy compacted banks which had been formed by pressing 
back the snow from the middle of the roadway with the blade 
of a snow grader. Mr. Jarman gives the cost as $85.70 per 
1,000 cu. yd. This Included operating charges for four horses, 
two drivers, a mechanic, gasoline, oil, grease and repairs; 
also charges for depreciation, interest and insurance. Removal 
by hand shoveling would have cost $53.80 per 1,000 cu. yd. 
Further, Mr. Jarman poluts out tliat the men would have 
piled the snow In high banks while the machine spread It In 
a thin layer. As a result of the test and other experience 
the dty purchased one of the rotary plows, 

At Outremont, Que., which also has a machine, careful study 
of the cost was made by J. Duehas^tel, dty engineer, and E. 
Lacroix, assistant dty engineer In three days (23 working 
hours) the machine cleared a l0-ft. path in snow 21 in. deep 
for a dlstianco of 6,775 ft. at a cost of 7 2c i>er lin. yd., or 3.7c 
per cu, yd. This Included flxod charges of $14 per day for 
repairs, 7 per cent interest and 10 per cent depredation ; also 
gasoline, operator, two city teams and the cost of a grader 
and single plow used In connection with the work. In compari- 
son with this was the removal of snow by hand shoveling Into 
wagons on sl<*ighs, on a stretch of 950 ft. of the same road, 
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SIDEJWALKS BBIMO CI>IliA.RDD BY ROTAiRY PliOW WniCIl 
'raiBOWS lUHB snow on IUB lawns 

wlith tlie same depth and width of cut, at a ooot of 23.7c per 
lln. yd., or 12c per cu. yd. This was done In a lO-hour day 
by 14 men at 26c per hour, a foreman at 86c, a dty double 
team'at 36c, three bliied double teams at 60c, and four Mred 
single teams at 80c. Sidewalka nmde lonpaasahle by drifts 
were cleared by the machine at about 60 per cent of the cost 
of hand shoveling. Here, as at Westmonnt, the advantage 
was noted for distributing the snow evenly In a thin layer 
instead of forming banks. 

Hand ahoveting on a mille of road at Levis, Que., cost 
81.079 during 86 days* work from Dec. 26, 1918, to Haxdi 12, 
1919, with from 6 to 21 men. Prom the figures of tiie work 
at Outremont It was estfmated by H. B. Weyman, snpcMn* 
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tendefvt of the Levla Street Railway, that this could haTO 
been done with the rotary plow at a ooet of $896, On the basis 
of his Inveetisation the i^ilway company purchased a 
madilne. 

It was eeUmated that the machilne could remove snow for 
a cut 6 ft, wide, 4 ft. deep and a mile long at a cost of 
$20.79, this being distributed as follows and being exclusive 
of Interest and depredation: four homes at $1.50, $6; two 
men at $8.60, $7; gasoline, $6; oil, $1; Insurance, 70c. Hand 


work would require 24 men at $3 per day, which with an 
insurance charge of $8.18 would make a total of $80.18. On 
four miles of road at Levis, where the snow was shoveled 
back and not canted away, the coat of hand work last 
winter was $3,000. If the nnchlne had been available the 
operatling cost would have been about $750. Adding $810 for 
interest and deipneciiaittton the total would have boen $1,560, 
or very little more than 60 per cent of the cost of hand labor, 
while the work would have l>cen done in mudi less time 


Practical Applications of Selenium — III* 

Its Utilization in Tele-Mechanics 
By Louis Ancell 


O NE of the most interesting applications of selenium con- 
sists in controlling the draft of factory chimneys by 
means of this method In this case the material Is 
reduced to its simplest expression, namely, a selenium cell 
I^aced In a cavity within the chimney located at a point where 
the temperature Is not very high and the deposit of soot is 
as slight as possible; In a second cavity diametrically oppo- 
site to the cell there is an incandescent lump designed to Illu- 
minate the cell (through the smoke). The lamp and the cell 
are protected from the smoke and gases by panes of glass 
(placed so as to be readily accessible for cleansing) which 
are so arranged us to avoid the action of the heat upon the 
selenium* The cell Is connected with an accumulator and 
with a recording mlUl-amipere meter placCHl In the office of 
the engineer or the foreman la charge of the forge. A mere 
Inspection of the curve of the recording apparatus Indicates 
immediately whether the smoke is more or less dump and oon- 
seciuently enables the person In charge to control at an^ 
moment the operation of the furnace and the draft of the 
chimney 

COWTBOLLINO THE RAPIDITY OP THE MANUFACTURE OF SULPHURIC 

ACID 

Another Interesting application Is Intended to govern the 
rate of speeil of the manufacture of sulphuric add In the 
contact process. One of the conditions required for proper 
fuDCtlooing Is the absence of sediment in the reaction tube; 
It Is only necessary, therefore, to place a selenium cell at one 
end of the tube and an Incandescent lamp at the other; e re- 
cording galvanometer, connected with the accumulator and 
with the cell enables the operator to observe the varying 
transparence of the atmosphere of the tube and thus to 
have a permanent control, the recording apparatus which is 
placed In the office of the operator, 

APPLICATIONS TO THE MILITARY ART 

The applications of selenium to the military art are as 
numerous aa they are varied, and the long war which has 
Just come to an end with the victory of our arms, has enabled 
us to demonstrate some of the most original properties of 
selenium. I, myself, pointed out Its importance at the be- 
ginning of the war.» I shall here mention only the most In- 
teresting of these applications. 

To begin with wireless telephony by means of selenium and 
luminous waves was employed on the French front for va- 

*Tra&idated for the 8oisrifi/lo American Monthly from CHcmie et 
/nStictrie (Tari*), Part I appeared in our January Iseue and Part 11 
In our F^ruary Ueue 

*3elenltim Is very seosItlTe both to infra red radiations and to 
calorlOe radiations, to such a degree Indeed that the mere entrance 
of an InOlTldual into a room causes a sufficient Increase of heat to 
perceptibly diminish the reststanoe of the cell, ay has been lemon 
strated by Pr. OnlUlmlnot with one oc the coHe made by qs. (Ann 
itkk!CSroUohtgi$ of vfo Aagioiopfo, 1914, Na 1 ) 

*Louls Ancon, BuU. Boc. Chlm., Lc, 


rious expcrl til cuts, for which the cells were furnished by me. 
Furthea'more, this process seems to have been employed by 
the Austrians upon their Alpine front, shortly after the en- 
trance into the war of Italy. The desiTiptlon of this process 
will be given farther on The restricted range (16 to 20 km.) 
and the necessity of having a rather cumbrous equipment 
limited the use of this system of communication, which was 
soon replaced, moreover, by ground telei>hony and by vacuum 
tube telephony 

TELE-MECIIANICS. 

We may also mention among tho military applications those 
concerned in tele-mechanics, witli the liaison formed by infra- 
red rays and with the locating of the enemy’s batteries by 
means of dashes. 

In the field of tele-meclianics It was my privilege to make 
tests before a »i>eclal commission indicating the utility of 
such apparatus for releasing at a distance a definite mechan- 
ical action, by means of a luminous or calorific ray 

For this purpose a cell having a sensitive surface 50 by 60 
mm. In extent, was tonnecTed wltli a relay and with a battery 
of about four volts ; the contact of the relay was inserted in a 
circuit comprising a second battery of cells and an orrlluary 
sounding devic'e. The ensemble w*as placed In a liox which 
could be readily transported. The cell w^us illuminated without 
special precaution by the luminous beam of u small auto- 
mobile searchlight of about 1,(KK) candle power. The tests 
were mode at night in June, 1915 

The cell wrb transported to distances which increased from 
0 to 600 m ; by means of a screen the shaft of light could 
be shut oflP at will Up to 600 m , which Is not the extreme 
limit of oiieratlon, the cell was definitely influenced and the 
bell was sounded without trouble 

MIUTARY TELEGRAPHY. 

The problem of the liaison betw^een a flghting unit and a 
post of cormnand, for example, by means which the enemy 
was incapable of detec'tlng, led to interesting researches In 
military telegraphy. For this punxise I furnished In 1916 a 
cell having a 8euslti\e surface of 30 by 30 mm , which when 
plavXHJ in the focus of a special paraliolic mirror was InfiuenciHl 
by the Infra-red rays emanating from a transmitting post com- 
posed of a calorific source (an oxy-hydrogen flame Impinging 
upon a tablet of a rare earth), a diathermic screen which 
was opaque to luminous rays and a parabolic mirror, and 
finally of a mechanical Interrupter activating an a-thcrralc 
screen provided witii a diathermic aperture allowing calorific 
rays to pass. Since this screen revolves at high speed we 
obtain a number of Interruptions of the calorific bundle of 
rays corresponding to the number of revolutions of the driving 
motor. At the receiving post a telephone Inserted in a circuit 
comprising the cell and an accumulator reproduces, in the 
form of a continuous sound, the Intermittent interruptions 
of the calorific bundle of rays; If by means of a special de- 
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▼led we Interrupt the stream of rays in such a manner as 
to produce Morse signals, the latter are clearly perceived at 
the receiving post, especially if we have taken pains to insert 
an amplifier in the circuit of the cell, in place of the 
telephone. 

It will be perceived that since the calorific rays and the 
signals of this kind cannot be detected by the enemy it is 
possible to obtain a comparatively practical Uai$on by this 
process between two posts, either fixed or movable, several 
hundred meters apart. 

LOCATING ENLMY nATTERlEfl BY FLABUICS. 

Another military api>lioatlon of selenium is connected with 
the locating of enemy batteries by the Hashes of light from 



FIG. 1. LAYOUT FOR PHOTO- FIO 2 REPRODUCTION OF 
GRAPHING BPEKCH SPEECH BY PHOTOGRAPHY 


the mouths of big guns. Since the cells are sensitive even to 
the faintest luminous Intensity and since their inertia is prae- 
ttoally negligible^ It Is only necessary to place a cell at each 
of three different posts located a few kilometers apart, and 
to connect each cell (all the cells, of course, being infiuenced 
by the flashes from the enemy guns) with a suitable graphic 
recorder provided, os in the apparatus oonstrucied by us for 
the measurement of Inertia, with a time recorder. The in- 
stantaneous flash of an isolated gun would influence all three 
cells at the same moment; at this moment the three record- 
ing devices will indicate the variation of resistance of the cell 
by a corresponding deviation of the recording stylus. A pho- 
nographic comparison of the three diagrams thus obtained 
and a very simple calculatl<m in trigonometry will give the 
location of the enemy battery. However, because of the 
highly Improved and highly practical modem methods of lo- 
cating guns by the sound, the method Just described has been 
utilized only experimentally. 

SCIENTIFIC APPLICATIONS — ^PHOTOGRAPHING WORDS. 

Undoubtedly one of the most curious scientific applications 
of selenium Is the reproduction of sound by means of pho- 
tography. To begin with an impression Is made upon an 
orditaary photographic film by means of luminous rays ema- 
nating from a Hn^^ng arc 8 (Pig. 1) passing through a cylin- 
drical lens L. The singing arc comprises an arc supplied by 
a continuous current. Within the circuit of the arc there is 
Inserted the secoiKlary coll of a transformer whose primary 
coll is connected with a microphone M and with a battery 
P. The focus of the lens L coinetdes with the surface of the 
film which unrolls from A to B in a dark chamber provided at 
0 with a rectangular slit parallel to the lens L, 

When one talks In front of the microphone the modulations 
of tho voice modify the luminous iutenslty of the arc; the 
film which Is unrolling with a continuous movement records 
these variations of luminous Intensity in the form of bands 
which are alternately light and dark. 

If now this film be illuminated by an arc such as fir (Fig. 2), 
and if the luminous rays, more or less interrupted by the 
unrolling film, pass through an orifice made In the wall of the 
dark chamber and fall upon the selenium cell Se, then the 
telephone T Inserted In the circuit will reproduce In the form 
of sound (somewhat weakened It is true) the variations of 
luminous Intensity produced by tho passage of the film be- 
tween the arc and the cell. Here we have an original means 
of pr^rvlng a tangible memory of the human voice by means 


of a photogiaifiiic phonogram. Singing and other mualc are 
produced especially well by this process. 

WIRELESS IXUCPHONY. 

One of the moot interesting applications of selenium Is wire- 
less telephony by luminous waves, because of the practical 
results obtained by this in the early years of the present 
century, when wireless telephony by Hertzian waves was 
in its early stages and whep the new vacuum lamps utilized in 
the course of the great war were almoet unknown. 

The principle uixm which the majority of the processes of 
wireless telephony by means of Itunlnous waves and selenium 
are based, consists In general of influencing at a distance a 
selenium cell 8 (Fig. 3) placed at the focus of a parabolic 
mirror m and connected with a battery P and with a teleiAone 
R by the luminous rays of a singing arc A placed at the focus 
of a parabolic mirror m. When one speaks in front of 
the microphone the vibrations of the voice produce variations 
of luminous intensity in tho arc A ; the volume of the flame 
of the arc varies sufficiently to cause the arc to reproduce the 
sounds utten?d in front of tho microphone M. Further^ 
more, the variations of intensity of the luminous bundle of 
rays are revealed at the receiving post by corresponding varia- 
tions of intensity in the current travendng the cell and the 
telephone. The latter reproduces, therefore, the sounds emit- 
ted In front of the microphone and transmitted in some sort 
by means of the light 

TELEVISION. 

Both in Franco and in other countries attempts have long 
been made by Inventors successfully to transmit Images to 
a distance; aome of these devices have been based upon the 
use of selenium. The limits of this article do not permit 
us to enter into details of these various processes. By way 
of example we will describe the main features merely of 
the one Invented by Professor Korn in 1907. The principle 
of this method of transmission 1$ almost the same in the 
various systems except for variations with regard to the 
functioning of the different organs. 

The image to be transmitted is rolled in the form of a pho- 
tographic film around the cylinder C (Fig. 4) in the interior 
of which is placed a thick selenium cell /f, connected with a 



FIG. a. WIRELESS TELEPHONY BY MEANS OF LUMINOUS 

WAVES 


battery and with the Hue 1, A lens L whose focus 
coincides with the surface of the film concentratee the rays 
of the lamp fif through the film D upon the cell J?: in order 
to enable a luminous ray to traverse all the elements of the 
image the cylinder C la operated laterally. 

At the receiving post a cylinder p, whlcdi Is synchronous 
with the transmitting cylinder receives a sensitive photo- 
graphic fil m . The cylinder p Is placed in a dark chamber and 
Is Illuminated by a high frequency tube T supplied by the 
circuit HF; in this circuit there is a movable needle Ot 
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'WhoBe extremities are Just opposite two small spark points. 
The needle Is supported hy a galvanometer Q connected with 
the line wire and wltih the cell. 

When the needle Is displaced under the Indurace of the 
variations of the current in the cell, sparks of varying length 
pass between the spark points and the needle, modifying the 
luminosity of the tube T and correspondingly the photographic 
impression of the film. After being developed the latter re- 
produces the image D placed at the transmitting post. 

An oddcial experiment was made with this Interesting device 
Feb. 1, 1907, upon the premises of the magazine L*Illu 9 traiion 
over the telephone circuit Paris-Lyons^Paris (1024 km ) in 
the presence of Ministers Bartliou and Simyan, the Image 
transmitted being a portrait of President FaUi^re 

Among the numerous other inventors who have attempted 
to accomplish television we may mention MM. Arroengaud 
(1908), Belin, Huhmer (1909), Klgnoux and Fournier (1911). 
The principle of these various inventions consists In project- 
ing the Image to be transmitted upon a frame covered with 
selenium cells, this image consisting, in general, of sections 
which are alternately light and dark, like a letter written in 
white or black. Each of those cells is connected with a gal- 
vanometer to whose movable frame Is attached a small re- 
flecting mirror at one side, which reflects the light of a lamp 
upon a screen placed at a given point. The different cells, 
some of which are illuminated while others are not, there* 
fore throw upon the receiving screen the Illuminated or the 
non-llluminated parts resxjectlvely, at the various points which 
correspond to them by means of reflective rays which are 
either Interrupted or not Interniivted by shutters. We thus 
obtain upon the receiving screen a somewhat blurred pro- 
jected Image. 

PHOTOMKTRY, 

Finally we may mention a last application of* selenium 
which may in some cases be of service In chemical Industries — 
photometry. 

In this case those cells which possess an extremely re- 
duced amount of inertia are evidently Indicated, and the 
method can as well be applied to the photometry of certain 
astronomical phenomena,* in particular of eclipses, as to the 
measurement of the intensity of radiation of an X-ray tube.* 


5 I 



FIO. 4 TRAN^MUTTIN-G PICTUBM BY THE KORN PROCESS 


The photometric curve (Fig 5) which we obtained at the 
time of the eclipse of the sun, April 17, 1912, is an example 
of the interesting results obtained with a sensitive cell and 
with greatly reduced Inertia. The cell (84 x 28 mm.) which 
was arranged vertically was illuminated by the solar rays 
reflected by the mirrors of a hellostat and connected with a 
4-volt accumulator, with a mllll-ampere meter and with a 
photographic recording galvanometer. The record began at 
10:45 A. M. and ceased at 2:60 P. M. The intensities of the 

>Lo«U« La Photomitrie de VSoUpae de BolMl da 17 l»i» 

d VAide du SMndum et d*un Qalvanom^tre Sn Aegiatrw Photo- 
SrosAitfua CRiAc.Fr., vol, 165, p. 267, July 21, 1012. 

^ OoUlmiaot. giH* lea VariotioHB dd Rdaiatanoa 0a SdUnium 
Mmpoid oiu» Ravona X et nmm Ravoa# da JRadptm. Ann, d'Eiectrobldt- 
ogis et de Radiologle, 1914, No. 1. 


current In the cell were plotted in ordinates upon the curve 
by means of a preliminary calibration effected by means of 
the milli*ani(pere meter inserted in the circuit. The times 
plotted in abB(4ssae, were determined by means of hour sig- 
nals sent out that same day by tlte radio-telegraphic post of 
the Eiffel Tower. At the precise moment of an hourly signal 
a key was pressed manually for a period of five seconds 



FIG. 6 PEDOTOMErTRIC CURVE OF THE Erui^BB OF THE 
SUN ON APRIL 17, 1012, OBTAINBID BY BEANS OF A 
SESr^lQNlUM CELL. 


closing a circuit comprising an accumulator and a 2-voU lamp 
attached to the interior of a blackened box containing the gal- 
vanometer. This lamp by lUuminiatlng a slit made in the 
frame of the recorder and provided with evenly spaced ver- 
tical metal wires interrupting the luminous my threw a broken 
straight line upon the sensitive pa|)er. The light Intervals 
upon tiieso straight lines and upon the curves made It possi- 
ble to graduate the latter in intensities according to the 
previous calibration mentioned above. 

It is evident that at the moment of totality It exhibits 
a very definite point of retrogrt^don ; at this moment (10 
min. 0 sec. past 12 M.) the intensity read uix)n the mllll- 
ampere meter was 0.095 roa.* The small oscillations visible 
upon the curve proceed from the vibration of the mirror of the 
galvanometer, the latter being due to the tremors of the 
ground; tlie more Important oscillations proceed from slight 
imperfections of the mirrors of the heliostat and the sadden 
drop of the curve due to clouds passing before the sun. 

This example Is sufficient to show the value of the method 
whenever we are concerned with measuring or with compar- 
ing the variations of intensity of luminous or calorific radla- 
tiona The case pn'sents Itself In certain reactions which 
occur In metallurgy and chemical industry; the process is 
simple and is In general use, since few other substances ex- 
hibit so great a sensibility as that of selenium to radiations 
which are so varied, ranging from the infra-red to the ultra- 
violet, and including X-rays and radium rays. 

TUE FUTUBK OF SBXJCNIUM AND ITS APPLICATIONS. 

While the use of selenium does not appear to be capable 
of becoming widely extended either In Industrial chemistry 
or In the manufacture of violet colored glass, or in the vul- 
canization of rubber, its electro- technical applications, on 
the contrary, appear to he as varied as they are interesting. 
The various manners of employing selenium which we have 
Just passed briefly In review give but a faint Idea of the 
flexibility with which this metalloid can be employed in the 
form of cells; and while Industry may hope to find in It a 
valuable aid In the control of the draught of smoke and of 
the rate of progress of a chemical reaction, we may also be 
allowed to hope that it will yield to our descendants the pos- 
sibility of conversation and of vision at a distance. 

*By teason of an error made by the engraver tho point of ratro- 
gresalon of the curve at the moment of the totality was Incorrectly 
Indicated at 10' and 80" past 12 M. 



Radiation and Chemical Change* 

Cause of Reactivity of Different Chemical Substances Toward One Another 


By W. C. 

O NE of the most Important problems of modern chemical 
science is that whic^ deals with the origin and t^use 
of the reactivity of different chenalcal substances to- 
wards ono another. As an approximate measure of reactivity, 
regarded as a function of the nature of the material and of 
the conditions under which It is examined, we may take the 
rate or velocity with which a given molecular species spon- 
tanoously decompost^ or reacts with another molecular species 
The substances which react together are usually called the 
rcactantSf the substances which are formed as a result of the 
reaction being called the resultants. 

For the last fifty years the guiding principle which has boon 
applied to this problem of chemical kinetics with the greab^t 
success Is that known as the principle of active mass or mass 
action, first enunciated by Guldberg and Waage. According 
to this principle the reactivity of a substance is mea^sured by 
its concentration^ the greater the concentration the greater 
the reactivity. Thus the rate at which a given substance 
decomi)oses (let ua suppose in the gaseous state), Is propor- 
tional to Its concentration at the moment considered. The 
velocity or rate Is expressed U'Sually as the number of gram- 
molecules of the substance which disappear per second in 
one litre of the system, the concentration itself being ex- 
pressed usually as the number of gram-molecules of the sub- 
stance i)er litre. The proportionality factor which connects 
the rate of the reaction with the wnoentratlon of the decom- 
posing substance Is called the vclovtiy constant of the reac- 
tion. As the reaction proceeds Its rate falls off owing to the 
diminution In the concentration of the reacting substance 
The ^eloclty constant, on tlie other hand, retains the snme 
numerical value throughout the entire course of the reaction, 
and this numerical value may be employed to characterize the 
prooobs In (piestlon. 

The i>rlnclple of mass action has boon verified in numc»rous 
cus(*ff, which, cheinically sfX'aklng, are of the most diverse 
character The principle has been extended and applied, 
notably in connection with the thermodynamic theory of adlnlty 
and its nieasim^ment, so that, today, we may say that a v<»ry 
large part of physical chemistry rwts upon this concept of 
mass a(*tion 

We must bear In mind, how’over, that the principle of mass 
action Is a formal and llndlod statement after all. The gen- 
eral problem, which modem pliysical chemistry has to solve, 
la this — what lion at the basis of this formal principle? In 
ntitemptlug to answer this uuestlou w© are brought Immedi- 
ately fac'e to face with the problem of the Inner molecular and 
atomic mc'chanlsm of chemictil change. To solve this general 
problem completely is, at the present time, quite Impossible 
There are, however, certain aspects of the problem which may 
bo usefully considered and upon which wo now possess a cer- 
tain degnv of knowdixlgc*. Two lnuK)rtant questions present 
thenisclvt^ First, Is tlie concentration of a substance, per se, 
n sufficiently exact and complete mode of repnwnting the 
chemical reactl\Uy of the substance? Secondly, how are we 
to account for the well-known and very marked influence of 
tempoi’ature u|M)n the velocity — and therefore upon the ve- 
locity constant — of any given reaction? 

With regard to the first question, one or two simple con- 
siderations will suffice to show us tfliat concentration alone Is 
not an adequate measure of chemical reactivity; many sub- 
stanct^s will not reac^t together whatsoever values be given 
to their conotmtmtlons. This of course is not to be taken 
as a criticism of the principle of noass action Itself, for all 
that the principle professes to do is to determine the raagnl- 

*UdPi^U»bed from Sciont^o. 


McC. Lewis 

tude of the reaction after it has been ascertained by ejsperU 
ment that the substances considered are capable of reacting 
at all. What Is more to our present purpose Is the fact that 
one and the same substance ewhibUs a different deyree of 
reactivity according to the nature of its surroundings i. e., 
according to the nature of the medium in which it Is dissolved. 
If one alters the medium one alters the reactivity of the dis- 
solved substance. This Is to be exemplified by Mengchutkln*s 
work.^ Menschutkln observed that the series of velocity con- 
stants for one and the same reaction follows roughly the 
values of the dielectric capacities of the various solvents In 
which the reaction proceeded, although there are several ex- 
ceptions to the statement which cannot be discussed now. It 
is evident that this electro-magnetic property, ttie dielectric 
capacity of the medium, has something to do with the rate. 
From these facts we Infer that the principle of mass action 
correctly accounts for the rate of the reaction once it has 
started, but is unable to account for the Influence of different 
solvents upon one and the same reaction. We arrive therefore 
at the Important general conclusion that chemical reactivity 
depends not only upon concentration but also upon the en- 
vironment in which the reaction proceeds Now, how are we 
to express this dependence upon the environment? To get some 
idea of this we must return to the second of the two problems 
which wo set before u«, namely, that dealing with the Influ- 
ence of temperature upon the rate of reaction. 

It has been shown as a result of numerous Investigations 
that the Velocity constants of reactions are very sensitive to 
temperature, a rise of 10 degrees causing a marked Increase 
m the velocity constant If we are considering ordinary 
room teinperaliires we may say that a rlso of 10 degrees 
causes the velocity constant to treble or even quadruple 
Itself That Is, there Is an Increase of In the velocity 

for an Incr(>ase of only 3% In the absolute tempt^rature Now 
this very marked increase in the \eloclty of the reaction can- 
not be accounted for simply on the ground of an increase In 
the siieod of movement or translation of the molecules, for It 
can be easily sliown that a rise of 10 degrees increases the 
frequency of collisions between moh'cub'S by only alx>ut 2 
per cent, whereas the Increase In n^acllvlty is of the order 
3tX> per cent. It Is fairly rortam, therefore, that the effe<'t 
has to do wilili the intcrtial energy of the molecules. 

On tlie basis of the socalled Quantum theory of specific 
heats It is known that when heat Is added to a body the 
energy distributes itself unequally among the various mole- 
cules, so that while some roceive no energy at all others 
rmdve a quantity which might be called the average amount, 
and a few molecules receive excessively groat amounts of in- 
ternal energy. It would seem therefore that the influence of 
temperature upon reaction velocity is to be sought in tlie exist- 
ence of a relatively small number of the total molecules 
present which have received an abnormally large quantity of 
Internal eiiei’gy. The fact, that many reactions occur with 
a flmte and measurable velocity, shows us tiliat all the mole- 
cules are not In the same chemical state. If they were, the 
speed of the reaction would either be zero or practically Infi- 
nite. This consideration also leads us to look for a certain 
differentiation between the molecules of a substance as re- 
gards Internal energy content 

A considerable advance In the problem of the relation of 
the velocity of a reaction to the temperature was made bv 
Arrhenius* In 1889, who suggested that the velocity constant 
was an exponential function of the temperature, 

'Menadtatkiln, Zeitsohr. fUr physikaHsche Chemie^ 6, 11 (1890), 

■Arrhenius, 8 , geittoAr. fUr physikaHsehs Qhsmis, 4 , 226 (18$0>. 
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Tbe of Arrhenlos Involves an empirical constant 

qfimntlty denoted by A, ThB term A is characteristic of a 
fiven reaction. If we know by experiment the numerical 
value of A and the value of the velocity constant at any 
single temperature we can then easily calculate, with the help 
of the equation of Anhenlus, the velocity constant at any 
other temperature. The term A can be shown to be an energy 
term and is numerically very large. 

T^ls expression of Arrhenius has been applied to numer^ 
oos reactl<m8 and has been found to hold with a considerable 
degree of accuracy. But It must be clearly understood that 
the expression itself is largely empirical although Anhenius 
has attempted to find a theoretical basis for It. The impor- 
tance of this equation of Arrhenius for our present purpose 
lies in the fact that there must be some close counectlon be- 
tween the mechanism of a chemical reaction and Che influrace 
of temperature upon the velocity constant. In short, what we 
ore attempting to do is to visualise some reasonable mechan- 
ism for the effect of temperature upon the velocity constant of 
a given decomposition, and then to transfer the idea to the 
mechanism of the reaction itself as it proceeds at any given 
constant temperature. 

The most important suggestion yet made In connection with 
the effect of temperature upon reaction velocity (which dnds 
Its formal expression in the equation of Arrhenius), Is that of 
Maroelln* ( 1913 ) , wMch was rendered more exa<9t later 
by Blce.^ 

Marcelln and Rice treat the effect of temperature from the 
standpoint of statistical medianics. The physical Idea under- 
lying It is that a molecule in the mean or average state, that 
is, a molecule containing the average amount of Internal 
energy Is chemically non-reactlve. Since however, the internal 
energy is distributed unequally over a large number of mole- 
cules, It must happen that a small number will receive an 
abnormally large amount. According to Marcelln, when the 
Internal energy of a molecule reaches or exceeds a certain 
high value, called the critical energy^ the molecule Is theu 
capable of reacting In a cliemical sense. The additional 
energy which a molecule in the mean or average state must 
receive in order to make It reactive In the above sense Is 
called the critical increment We shall denote this quality by 
the letter E, It being understood that E is expressed In calories 
and refers to ono gram-molecule as the unit of mass. If there 
are N actual molecules in one gram-molecule then E/N repre- 
sents the critical Increment per single molecule. In the case 
of the decomposition of a single molecular species, — the disso- 
ciation of gaseous Iodine, for example, into its atoms, — the 
activated molecules do not possess a real existence, for the 
act of activation, %, e., the act of reaching the critical slate 
is identloil with the act of seimratlon of the atoms which may 
be thus considered as free for the first time On the other 
hand the activated molecules of hydrogen iodide gas can 
exist ; when one such molecule collides with another similarly 
activated they react together giving rise, as Is well known, 
to hydrogen and Iodine gases. On the Marcclln-Rlce view, os 
adopted by the writer, the rate of decomposition or dlsso<*ia- 
tlon of a gae, i. e., a antoJolecule reaction, Is identical with 
the number of molecules which attain the critical state ler 
second. On the other hand the rate at which hydrogen iodide 
decomposes Is identical with the number of collisions per 
second between pairs of activated molecules, for It is known 
that two molecules are simultaneously concerned In this re- 
action, i, e., the process Is bimolecular. In both cases however, 
it is necessary that a certain Increase In the Internal energy 
of the molecuHar species shall have taken place antecedent 
to the observed chemical reaction Itself. 

It Is not proposed to enter Into the mathematical develop- 
ment of this view of the activation of molecules whkh has 
been carried out by Bice on statistical lines. Suffice It to 

•MarcftUn, R., O^mptet Rmdss, 167, 1410 (1013) ; 108, 116, 407 

(1014) ; Annalet de JPhytigtMj 8, 120 (1016). 

♦Rice, J., SriUna Amoo, Jteport, p, 807 41016). 


say that, on this basis, we arrive at the concluslOD that the 
velocity constant should be an exponential function of the 
temperature. 

In faiot we arrive at an expresMon whdeh is of exactly the 
same form as that suggested by Arrhenius and must therefore 
be In as good agreement with experiment. The considerable 
advantage is, however, that the physical meaning of E which 
now replaces A is quite definite, an though, of course, the whole 
argument is based on a generalised treatment which docs not 
solve the problem of actual molecular structure, beyond the 
fact that in the process of activaitlon the atomic groupings 
inside the molecule are pulled apart to a certain distance, 
thereby loosening the bonds between the atoms and permitting 
certain lines of force to attach themselves to other neighbor- 
ing moUnniles. It should be pointed out that sensibly the 
same view of the atomic mechanism of chemical activation 
had already been expressed by Baly,” who pursued a totally 
different line of reasoning, based upon observations of the 
absorption band spectra (exhibited In the ultra-violet region) 
by various substances under different conditions. It Is highly 
satisfactory that two distinct lines of thought should have led 
to the same general conclusion. 

We have now, however, to push our Inquiry one step fur- 
ther. We have seen that the concept of the activation of a 
molecule by an increase In Its internal energy up to the re- 
quired limit is sufficient to account for the fact of chemical 
velocity, and the Influence of temperature upon the velocity 
constant The question now remains In what manner does the 
molecule obtain this extra increment of energy? What Is 
the ultimate source of this, and indeed of all, molecular and 
Inter-atomlc energy, both kinetic and potential? Whatever 
hypothesis we may adopt It must be such as to iiermit us to 
arrive finally at the Macelln-Rice result, for this, as we have 
seen, poss<'s«es sound experimental verification, * 

in the writer's opinion, the most plausible hypothesis* is, 
that radiation^ that is energy of the rafiiatlonal type, i$ the 
ultimate source of all energy which makes chemical reactivity 
possible. In the case of ordinary or thermal reactions, as 
they are called, that le reactions which proceed at ordinary 
ten>peratures, the effective radiation is of the short Infra-red 
type. Such radiation Is necessarily present throughout any 
material system In virtue of the temperature of the system 
(It is only at absolute zero that we can conceive of radiation 
as being absent) In the case of n^actions, which proceed 
measurably at high temperatures only, the effective radiation 
belongs to the shorter wavelength region, namely the visible 
or ultra-violet part of the spectrum. 

The idea that radiation of all wavelengths interpenetrates 
matter Is of course not new. The whole physics of radia-, 
tion dei>ends upon that. What is particularly important to 
observe in the present instance Is that the radiation, to which 
la ascribed this fundamental rOlo as the fons et origo of 
molecnilar energy and therefore of chemical reactivity. Is es- 
sentially temperature radiation. That is, the temperature 
of the radiation Is the same as that of the matter whic*h it 
InteriK^netrates. In fact, the temperature of the substance 
is directly due to the presence of radiation which Is being 
continually absorbed and emitted by the molecules of the ma- 
terial. This postulate, that the radiation which brings alxmt 
chemical change Is at the same temperature as the matter 
Itself, means that we are considering a very different state 
of affairs from those to which we give the name photochemical 
reactions. In the latter a source of radiation, usually of the 
visible or ultra-violet type, external to the material system, 
emits radiation which is absorbed by the system, thereby 
bringing about chemical iihange. Such effects, due to short 
waves, have long been familiar In photochemical arrango- 

•Baly, a C., Joum, Ohemicul Soc (London), 101. 1469 (1912) , 
Astro-phyaUHit Joum,^ 42, 1 (1015) 

•L> 0 Wls, W. C, ReC., Joum Chemical 8oo. (Ix)ndoi]i), 106, 2830 
(1914); ib, 109, 796 (1010), ib , 111, 457, 1086 (1917); ib., 118, 
471 (1018). 
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monts, however, the temperature of the radiatloa la very hlgo, 
while the temperature of the material upon which It acta Is 
low. In the case which we are considering, on the other hand, 
the tf>4niK‘rature of the radiation and of the matter is the 
same. 

Having postulatod the identity of temperature for the matter 
and the radiatlou we are at once justified In applying Planck's 
Quantum Theory of radiation which deals with such condi- 
tions. It Is ImpoHslhle to enter into any of the details of this 
modern theory of radiation Suffice it to say that, according 
to the Quantum Theory, radiation consists of small units of 
radiant energy, called quanta, and that radiation may be 
absorbed or emitted by nxjlecules of matter one quantum at a 
time. This, at any rat<% is the very simplest .statement that 
can be made to convey in a "rough and ready” way the con- 
cept of quanta These small units or quanta are each pro- 
portional to the vibration frequency of the radiation which 
they represent. 

Briefly, the radiatlou hypothesis of chemical reactivity states 
that f/ic rate at which a substance decomposes or interacts 
depwids not only upon its concentration, but simultaneously 
upon the density of that type of radiation which the substance 
can absorb, for of course, it is only the absorbable radiation 
which can be effective. This statement is virtually a new or 
modified principle of mass action. It does all that the older 
principle is capable of doing, and at the same time is capa- 
ble of taking account, at any rate to a large extent, of the 
effect of temperature and the influence of environment upon 
the velocity constant and therefore upon the reactivity of the 
molecular species wnsidered 

Naturally* the Idea that radiation (*ould bring about ordi- 
nary or thermal chemical ciiange is not new. It must have 
occurred to almost anyone who was familiar with the facts 
of photochemistry. Photochemistry, in fact, is a special case 
of general radiation chemistry. The Important thing is, how- 
ever, the introduction of the Quantum Theory which allows 
us to express the radiation hypotht*«ls of chemical reactivity 
In a more or less quantitative form. Without going Into 
details the radiation hypothesis leads to the conclusion that 
the velocity constant of any ordinary reaction should be an 
expon^tlal function of l^e temperature in complete agree- 
ment with the conclusions of Marcelin-Rice and Arrhenius. 
In place of the term E In the Marcelln-llice expression, we now 
find a term denoting the total number of quanta absorbable 
by one grammolecule, which leads at once to the conclusion 
that the critical Increment of a single molecule is Just one 
quantum of the absorbable type of radiation. This Is iden- 
tical with the well-known law of the “Photochemical Equiva- 
lent’’ first enunciated by Einstein.^ Einstein’s law takes on 
therefore a new and wider significance. If, therefore, we 
know the type of radiation (1. e., the wavelength or frequency), 
which the substance Is capable of absorbing (In the proper 
part of the spectrum) we can calculate the effect of tempera- 
ture upon the velocity constant. Conversely, from the ob- 
served effect of temperature upon the velocity constant, we 
can calculate the wavelength of the radiation which the sub- 
stance Is capable of absorbing and by means of which it Is 
able to exhibit chemical reactivity. It has been found by the 
writer that such calculated wavelengths agree well with the 
known xK>sltlon8 of absorption bands possessed by substances. 
At the present time the chief difficulty le the lack of spectro- 
scopic data, as the velocities of reactions have been measured 
In numerous cases in which knowledge of the corresponding 
absorption spectra is entirely wanting. So fur as the data 
are available, however, the radiation hypothesis has been 
substantiated. Further, from such data It has been shown 
that the heat of the reaction* can be calculated, and this con- 
clutslon has likewise received a certain amount of experimental 
verification. 

Again, the radiation hypothesis requires that the velocity 

TKlnateln, Annalen der Physik, It., 87, 882 (1912). 
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constant of a reaction should depend upon the cube of the 
refractive inde» of the system for the wavelength absorbed, 
i. e, for the wavelength whldi is causing the chemical change. 
On the claseical ^ectromagnetlc theory of radiation it is well 
known Uiat there is a very dose oonnectlon between the re- 
fractive index and the dieleetric capacity. Hence on the radia- 
tion hypothesis we would expect a close relation between the 
velocity constant of a reaction and the dlelectHc capacity of 
the system in which the reaction procc^eds. It has already 
l)oen pointed out that the results obtained by Menachutkln 
and others entirely support such a conclusion. At the pres- 
ont stage this and other conclusions have a qualitative rattier 
tiian a qiiantltallve basis, and there are a number of apparent 
exceptions to the rule. The application of the Quantum 
Theory of radiation to chemical reactivity is very recent, and 
chpecially under present conditions it is impossible to carry 
on the necessary research work which the hypothesis suggests. 
The field, however, is very promising end the results so far 
obtained are sufficient to give very strong firima facie grounds 
for the general truth and applicability of the concept that 
the radiation, necessarily present in material systems (In 
virtue of their temperature) Is the fundamratal source of 
chemical change of all kinds 


SODIUM FLUORIDE AS A WOOD PRESERVATIVE 

Tests made years ago at the Forest Products Laboratory 
indicated that sodium fluoride might 'be successfully used as 
a wood preservative, because It had high toxldty, was not 
Injurious to metal, and was convenient to handle. Labora- 
tory t^ts alone, however, are never sufficient to estabU^ the 
value of any material as a wood preservative; actual service 
tests, even though they require years to complete, are also 
needed. 

In order to obtain comparative durability records, the lab- 
oratory in 1914 plac<»d sap-pine ties treated with sodium 
fluoride, together with ties treated with zinc chloride and 
creosote, in one of the mines at Blnnlnghara, Alabama Sim- 
ilar service tests were also started at this time on red oak 
ties placed in the tracks of the Baltimore and Ohio Hallway 
Company 

After five yc^rs of service the mine ties wlilch were treated 
with sodium fluoride have been found in as good condition 
as those treated with zinc chloride, both showing very little 
deterioration. The creosoted mine ties apparently were in 
still better condition, while the untreated ones were In various 
advanced stages of decay The red oak railway ties treated 
with sodluim fluoride were practically all sound, as were those 
treated with zinc chloride, whereas a large percentage of the 
untreated oak ties had been removed. 

Both of these tests, as well as others started later, must 
continue for a number of years yet before the relative value 
of the sodium-fluorlde treatment for ties and timbers Is defi- 
nitely known. 


NEW TYPE OP CLAY-DIGGINO MACHINE. 

A MACHiNB has been designed to replace the usual method 
of extracting day (vlK., excavators, breakers, blasting), espe- 
cially the ridh plastic day used In the refractories industry. 
The machine consists esaentiallly of a rack 8 >to 10 m, long run- 
ning between guldeHrolle and resting on a scaffolding travel- 
ing along the upper edge of the clay being worked. Under- 
neath the rack is a box-diaped cutting tool of rectangular 
section. The strip of day extracted by this tool is cut up Into 
slabs by a second knife acting automatically. The whole is 
driven by a 4-10 h.p. electric motor or gasolene engine, one man 
being requirod for operating. Output : CSO to 200 cbm. day In 
10 hours . — Teohfiisehe ZeUsohriftenschaUn Nov. 15, 1019, Ab- 
stracted through The Technical Review, 



Testing Seeds with a Thermometer 

Infection' or Debility Shown by the Temperature Developed 

By George J. Peirce, Professor of Plant Physiology, Stanford University 


H ow can the farmer test the quality of Mb seed-grain, 
com and alfalfa? Hou^ can one find out qal<ddy and 
cheaply the quality of the garden-seed offered In gay 
envelopea by grocer and druggist? How can the qualities of 
grain cargoes coming into the great ports be ascertained with- 
out great expenditure of time and money? 

These are questions not of idle curiosity merely. They ere 
practical questions which have been answered in certain in- 
stances, and ihe method Is of wider usefulness. 

When Sir James Dewar, one of Faraday’s successors at the 
Royal Institution, In London, was liquifying air and solidify- 
ing caibon-dioxlde and various other gases, he required con- 
tulnws wMch should not only medianlcally bold bis products 
but Should at the same time insulate them. He made double- 
walled flasks, bottles, and cylinders of glass, electroplating 
the inner and outer walla of the outer ajid Inner bottles, and 
exhausting the air between them. These doublo-walled ves- 
sels are known In <diemlcal and other laboratories; but they 
are known generally as thermos bottles, or "Icy-hots." A 
thermos bottle, with Its shiny, nickel-plated metallic case. Is 
essentially a silver-plated vacuum. The principles involved 
hi Ae thermos bottle or Dewar flasks are simply these: that 
beat-waves do not traverse a vacunm, though they will pass 
through air, water, etc. ; and that they, like the waves of light 
and sound, may be reflected by mirrors. The silver-plating 
furnishes the mlrror-like surface, and greatly increases the 
efficiency of the thermos or Dewar bottle as an insulator. 

In many laboratories of botany, all over the world, atudents 
hnvo been shown that germinating peas, opening caila-blooms, 
and various other living parts of plants, liberate heat. The 
containers and Insulators formerly uaed were ordinary ves- 
selB of glass, wrapped in cow-balr felt, absorbent cotton, etc., 
all of which are relatively poor insulators. Of late years, 
however, Dewar vessels and thermos "reflUs" have replaced 
the cnmlwrsonie and unsatisfactory wadded vessels, and in- 
stead of the low and misleading temperatures formerly taken, 
we now know that peas have their comparatively high and 
“normal” temperatures Just as human beings, cows, horses, 
and other animals have. The “normal” temperature of an 
adult person is 98.6* Fahrenheit. It a person’s temperature, 
as taken In the mouth, under the tongue, is over 98.6*, the 
physician recognizes fever and looks for the place and kind 
of infection; or if It Is under, then he seeks for the reason 
for the debility thus Indicated. By putting a known weight 
of good peas with an equal quantity of cooled boiled water 
Into a Dewar flask or tbennos bottle and keeping this loosely 
corked or cotton-plugged for two days, one should And the 
thermometer Indicating a temperature inside the flask con- 
siderably higher than thait of the room. Thus, in a certain 
exjierlment 2% ounces of American Wonder extra early gar- 
den peas were nearly 20* warmer at the end of two days 
when they were put Into the Insulator. But among these 
peas four were found that were decaying, Bxamlnatlmi 
khowed them to be weevUy, The weevil holes were Infected 
and this Infection caused the abnormally high temperature. 
On the other hand, another experiment with an equal quantity 
of peas four years old showed a decidedly lower temperature 
In the saane length of time. In other words, the vigor and 
soundness of these two lots of peas was plainly indicated, In 
48 hoars, by the temperatures developing In these test lots in 
Dewar or thermos botaee. The temperature of the fresh 
peas was above normal because they were weevlly and fungus 
or bacteria Infected; and the temperature of the old peas was 
low because they were weak from old age. But in a bottle 


of foyr-y^ar-old wad carefully sterilized hemp seed no tem- 
perature would develop because hemp seed loses Its germinat- 
ing power In about two years. Clover seed yields a normal 
or sub-normal temperature according to its freshness ; but If it 
is contaminated or infected seed. It will have 

Thus the vitality, germinating and growing power, cleannessi, 
and soundness of seeds can be determined, according to the 
kind of seed, by the very simple test Indicated in a considerably 
shorter tlane and with much less trouble than would be required 
to make any other germination test In soil or what not But 
just as there are warm and cold-blooded animalSi so there are 
quick sprouting and dow sprouting seeda But If one knows 
the normal behavior of seeds, one can tell at once, by the 
abnormal temperature developing in a Dewar or thermos 
bottle contaiinlng them, whether a ^ven lot is good or bad. 
The wisdom of buying or sowing such seed Is Indicated very 
promptly and definitely. 

These thermos bottle tests are not limited in applicability 
to seeds, for some of the qualities of milling grains, hay, etc., 
can be ascertained swiftly and accurately In this way. If a 
giTen lot of wheat intended for the flouring mills is found to 
contain insects. It can be fumigated and thus relieved of 
these pests. But if it contain fungus or bacteria besides the 
insects, fumigation will not sterilize the grain. The quality 
of the flour, and its value in breed-making, depend In part 
on the grain being clean, that is, free from pollution of any 
sort. Infected flour will not make bread which will be satis- 
factory in its rising power, texture and flavor. BHirthermore, 
Imported grain may bring foreign grain and other diseases 
Into the country, and the danger of so doing can be ascertained 
by diagnosis based on temperature testa 

Some of these possibilities have been realized in practice,* 
but the use of the Dewar or thermos bottle tests of grain, 
seeds, etc,, can be greatly extended from a laboratory of “pure 
scleDce,“ where, like the thermcm bottle, it started, to com- 
mercial uses. 


SPEED OP SOUND-PULSES IN PIPES. 

Wbttiwo In the Phyuical Review for August, 1919, A. L. 
Poley describes experiments to determine the speed of sound 
In pipes. The sound was measured by a photographic method ; 
short tubes were used, placed near a spark source. An instan- 
taneous photograph was obtained of a sound-pulse, part of 
w'Mch had come through a tube, while another part had come 
through free ulr. In this way the effect of short tflbes of 
various sizes was determined when their near ends were 
from 1 to 5 cm. from the spark. Two photographs are re- 
produced which show that In some cases the pulse may travel 
faMer through a short tube than In free air, and faster 
through the sroeUer of two tubes than through the larger. 
The speed through a tube was found to depend chiefly on the 
Intensity of the pulse ns It entered the tube, and this was true 
even when the motion of the air as a body was prevented by 
a thin collodion membrane stretched across one end of the 
tube. The mean speed was less the longer the tube. The 
paper Includes an historical survey of the work done on the 
speed of sound in pipes, with a two-page table of results ob- 
tained. — From Sdenoe Abstracts, 


iPslrce, O. J A new respiration calorimeter. Botanical OoscUSm 
ToJ. 46, 1008, The liberation of heat in reepiraUon, Botanical Oasstts, 
vol! 63, 1012. A study of the germinating p<wer of seeds, BotanSoal 
Oacettc, vol. 68, 1014 . 



The Capillary Circulation* 

How Are These Blood Vessels Dilated and Contracted? 
By W. M. Bayliss, F.R.S., M.A., D.Sc. 

rrofesHor of General Physiology, University College, London. 


A I/THOUOH the part played by the small arteries, arteri- 
oles as they are usually called, In regulating the height 
of the blood-pressure and the supply of blood to the tis- 
sues of the various organs is fairly well known, that of the 
capillaries and the veins remains more obscure. The fact that 
the arterioles possess a muscular coat of relatively consider- 
able thickness, while the capillaries consist merely of a single 
layer of opitbelial colls, renders the mechanism of contraction 
and dilatation of the former easy to realize. Their nervous sup- 
ply has also \>oon worked out In some detail, and the facts of 
their active changes in calibre under the stimulation of various 
nerves and under the influence of different kinds of drugs and 
other chemical substances are generally admitted. 

The veins also possess a muscular coat, but of much less 
thickness than that of Ihe arterioles. Some evidence exists 
that they are capable of changes in calibre; hut the object of 
the present article is to consider rather the facts that have 
come to light In recent times with regard to the properties of 
the capillaries, together with the consequences, theoretical and 
practical, that follow them. 

The difficulties in supposing that the capillary blood-vessels 
have the power of altering their calibre Independently of the 
pressure of the blood entering them appear to be largely due to 
the absence of a muscular coat On tbe otber hand, a fairly 
copious supply of nerve fibres to them has been described, 
and we know that cells other than muscle cells can change 
their form when stimulated. The pigment cells of the sMn in 
fish and frogs may be mentioned, and the spherical forms as- 
sumed by the amoeba and the leucocytes are familiar. Thus 
the absence of a muscular coat in the case of the capillaries 
does not warrant a denial of the possibility of active changes 
In calibre In the latter. 

If the reader will examine, under a low power of the micro- 
scope, the drcnlatlon In the web of the frog*8 foot — and there 
is probably no more interesting thing in the whole of physi- 
ology — he will notice how great is the volume of the capillaries 
compared with that of the veins and arteries. He will see 
that the rate of the flow of blood in the arterioles Is, accord- 
ingly, very much greater than that In tbe c^lllarlos ; and, re- 
membering that the friction Is proportional to the velocity, he 
will realize the great effect that changes in diameter of the 
arterioles have on the pressure on the arterial side of the sys- 
tem. But he will also appreciate how large a volume of blood 
oan be contained in the capillary region, and that a compara- 
tively small increase in the diameter of the capillaries, If 
present In a large part of the body, will suck up, as It were, a 
great proportion of the blood present in the circulation. The 
importance of this fact is that the amount flowing into the 
heart from the great veins will be less, and therefore also 
that driven out Into the arteries on contraction of the ventricles. 
Hence there will be a fall In blood-pressure and deficient sup- 
ply to the ti.ssuefl generally. Thus, although the capillaries 
may be wider, the current through them will be diminished by 
the decrease In driving pressure, In addition to the lower rate 
of flow Involved In their Increased width. Under ordinary cir- 
cumstances, as described by liister and by Langley, some of 
the capillaries are more or less empty of blood, and become 
filled only when dilatation occurs. This is an additional way In 
which blood Is accumulated in capillary networks. This fact 
has recently been further Investigated by Krogh, whe shows 
that. In resting muscle, only a small number the capillaries 


are filled with blood. In activity, a greater or less proportion 
of the remainder becomes dilated and conveys a currant of 
blood. According to his experiments, it requires a fairly high 
pressure to open up the collapsed capillaries ; so that, if an In- 
creased supply of blood is needed by an organ, It is necessary 
that an active dilatation of the capillaries should occur, as well 
as one of the arterioles. It appears that, If the latter alone 
were to take place, a comparatively small increase in blood-sup- 
ply would be provided. If the capillaries alone dilate, there Is 
no increase in total supply, or very little, and the blood which 
continues to flow will be greatly reduced In rate with a tend- 
ency to stagnation, with rapid loss of Its oxygen. This con- 
dition will be exaggerated if the arterioles simultaneously 
constrict, as haj^ns under the action of histamine. 

That the capillaries are not merely passively distended or 
depleted according to the diameter of the arterioles supplying 
them is Indicated by the common experience of two different 
effects of external cold on the skin. The color of the skin 
in white races Is almost entirely due to the blood in the capil- 
laries. When the blood supply is cut off, the skin becomes white 
and cold. This may sometimes happen ns the tesult of the 
constricting effect of cold on the arterioles ; but there are also 
two familiar states produced by cold which are associated with 
Increased depth of color, and therefore with a greater content 
in blood. In one of these, the skin Is red and warm; in the 
other, on the contrary, It is blue and cold. It Is clear that the 
warmth in tbe former cases must be due to an increase In the 
current of warm blood flowing through the capillaries, and 
this can only be brought about by dilatation of the arterioles 
and capillaries. The capillaries are thus filled with a rapidly 
renewed current of fresh warm blood. In this way, the skin Is 
protected from the deleterious effects of cold. A comproTnlse 
must be effected between the increased loss of beat from the 
body and the protection of the skin. It will be remembered 
that one of the means of getting rid of excessive heat Is by 
dilatation of the vessels in the skin. What Is the state of affairs 
when the skin is blue? Bearing in mind the fact that the 
color of the blood in the veins appears to be blue when looked 
at through the skin, we realize that this Is the color assumed 
when oxygen has been lost. The blue color of the blood In the 
capillaries must be due, then, to its having lost more oxygen 
than it does when the skin is red. Although the capillaries are 
dilated, the current through them must be decreased, and this 
state can only be explained by an expansion of the capillaries 
independent of that of the arterioles, which are probably con- 
stricted. The coldness of the skin is readily explained on the 
basis of the slow circulation through it. An exaggeration of 
this blue state of the skin may be observed in certain path- 
ological conditions, and appears to be easily brought about 
by exposure to cold in such coses 

With regard to more definite experimental evidence of active 
change in the capillaries, we may note tbe dlfllculty of exclud- 
ing passive effects due to changes in the arterioles. A dilatation 
in these vessels would raise the pressure at the place where 
they become capillaries, and naturally distend tibem to some 
extent. Lister in 1858 described dilatation of the capillaries in 
the frog’s web under the action of chloroform and other 
agents. Roy and Graham Brown in 1880 confirmed this ob- 
servation, and believed that they had excluded the effect of 
the simultaneous dilatation of arterioles by the fact that if re- 
flex stoiping of the heart was brought about, so that the arte- 
rial pressure fell to zero, the dilated capillaries did not empty. 
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mi*, however, is not completely convincing, because the elastic 
reaction of the capillaries might not be sofflcient to empty 
them after they had been etretched. If the passive stretching 
had caused an elastic reaction, It is difhcult to see why the 
espiUaries did not empty themselves bade into the arterioles 
where the pressure was aero. Better evidence of independent 
actl<m on the part of the capillaries is afforded by the obser* 
vation of these investigators that the diameter of different 
oapinarles is not in direct proportion to the arterial pressure. 
Two capillaries lying aide by side may require very different 
external pressure to obliberate them, and, after a pause, that 
one which previously collapsed under the lower pressure may 
now require the higher one. 

In 1898, Worm*Mtiller had shown that large quantities of 
blood could be injected into dogs without much rise of blood- 
pressure. The blood remained in the clrculatlou, and post- 
mortem observations did not reveal a disten.^on of the arteries 
and veins of sufficient degree to accommodate It The con- 
clusion was drawn that It was accumulated in the capillaries 
of the body generally. The adjustment Is doubtless brought 
about by a nervous reflex. It may be that a sufficient ex- 
planation lies in dilatation of the arterioles and the resulting 
passive distension of the capillaries. If this be not accepted, 
and Krogh’a results cast doubt ou the acceptability of the 
explanation, we must assume a direct nervous control of the 
capillaries by vaso-dllator nerves. 

Severlnl described experiments on the empty capillaries in 
excised tissues in which oxygen caused narrowing; carbon di- 
oxide widening ; but Roy and Graham Brown failed to confirm 
the observations 

Other observations on capillary dilatation might be quoted 
but It will be seen that, so far, satisfactory experimental evi- 
dence of an independent activity on the part of the capillaries 
Is wanting This was not afforded until tlie experiments of 
Dale and Richards in 1918 Dale and T^aidlaw in 1910 were 
struck by the puzzling action on the blood-pressure of a base, 
histamine, obtained by removal of carbon dioxide from tlie 
amino-acid, histidine, a- constituent of most proteins. In the 
dog, cat and monkey, a marked fall of blood-pressure is 
produced by very small doses. Now, in the case of certain other 
drugs having this effect, depression of the heart being excluded, 
it was known that dilatation of the arterioles was produced, and 
the explanation of the fall of blood-pressure was easily ex- 
^>lained by decrease of peripheral resistance. But tests of the 
action of histamine on various kinds of smooth muscle, la 
eluding that of the arteries, showed that it caused oontr action, 
and therefore narrowing of the arterioles, an effect which by 
itself alone would produce me of blood-pressure. By a number 
of ingenious experim^tl^ the details of which cannot be given 
here, Dale and Richards showed that histamine causes a wide- 
" spread dilatation of the capillaries, independent of its effect on 
the arterioles, which ere constructed. It is evident, therefore, 
that the capillary effect Is great enough to overpower that of 
the arterioles. How is the fall of blood-pressure produced? It 
seems Improbable that a dilatation in such a wide bed as the 
capillary district, even in normal conditions, should have 
any marked effect in decreasing the peripheral resistance, es- 
pecially when the arterial constriction has reduced the blood 
flow to a low degree of magnitude. The result must be due 
to removal of blood from actual circulation, an interpretation 
confirmed by the examination of the heart, which is seen to be 
empty of blood. In fact, the blood, soaked up by the capillaries 
as by a sponge, takes no mare part In the general supply of 
the organs with fresh oxygenated blood than if lost by hem- 
orrhage. In thin work, tftie fall of blood-pressure caused by 
very small doses of adrenaline in certain conditions was shown 
to be due to Its dilator action on the capillaries. 

Hie practical interest of these experiments lies in the fact 
that histamine is one representative of a group of substances 
obtained bjr disintegration of the protein molecule. In the 
state of ^^shock” brought on by extensive injury to tissues. 


especially top muscle, whether by shell wounds or by surgical 
operation, observations made at the casualty clearing stations 
in the late war iftiowcd that a state of the circulation similar 
to that produced by histamine was present. The obvious con- 
nection between severe shock and massive injury suggested 
experimental test. Ool. Cannon, of Harvard University, and 
the present writer found that injury of the thigh muscles in 
anaesthetized cats and dogs brought on a condition like that 
of wound shock, and we were able to show that it wa^ not due 
to irritation of nerves, but to the passage Into the blood of 
some chemical product of the injured tissue. The fact that 
the state, whether accompanied by hemorrhage or not, owes Ita 
dangerous character to the want of blood In circulation, 
pointed to the treatment which alone was found successful— 
namely, the filling up of the circulation by transfusion of 
blood or of some appropriate artificial solution, such as gum 
arable In saline. 

In regard to the nervous supply of the capillaries, some re- 
cent observations by Krogh are of importance. He shows that 
It is possible, by touching with a glass needle over the situa- 
tion of a closed capillary in the frog’s tongue, to make this 
vessel dilate, and that the extent to which the dilatation spreads 
depends on the strength of the stimulus A similar local ef- 
fect can be obtained on an arteriole. Degeneration of the nerves 
to the tongue or the application of cocaine very nearly abolishes 
the effect, and what remains is sharply localized to the point 
stimulated The conclusion is drawn that the spreading of the 
effect is due to an axon-reflex in sensory fibres, analogous to 
that suggested by myself (1901, p 196) for the case of the 
vaso-d natation prwluced by stimulation of the peripheral ends 
of sensory nerve fibres. 

There remains for brief discussion another aspect of the 
capillary circulation which has important physiological and 
pathological relations In the shock produced by histamine; 
and also in that of wounds In man, it was found that not only 
was the blood in effective circulation diminished, but what 
was In circulation had become more or less concentrated by 
loss of plasma To understand the cause of this phenomenon, 
we must consider the evidence as to the permeability of the 
capillary wall. It is a familiar fact that, when blood is lost, 
fluid la taken up from that In tissue spac^es in order to re- 
store the volume of the blood as far as possible. What is the 
nature of this fluid? It was shown by Scott that, although the 
lymph outside the blood-vessels contains proteins, that which 
enters the blood is devoid of them, consisting only of a solu- 
tion of the salts and diffusible substances of small molecular 
size, such as glucose and amino^dds. In other words, the 
normal capillary wall is impermeable to proteins. If, then the 
proteins of the blood possess an osmotic pressure, this will be 
manifest in a tendency to absorb waler from the outside. 
Starling showed that they have such an osmotic pressure, and 
that it roaches tlm value of about 35 mm. of mercury. This 
may be regarded as the force tending to draw water into the 
blood. But on the arterial side of the circulation, the pressure 
inside the blood-vessels is about 150 mm. of mercury. This is 
opposed to the osmotic pressure, and the excess pressure causes 
the filtration of fluid (=lytnph) outwards. Poliowing the 
blood-pressure as it falls In its course from the arterioles to 
the capillaries, we find that the pressure inside the latter only 
amounts to some 10 mm. of mercury. This Is less than the os- 
motic pressure of the proteins, and water is absorbed from the 
outside The two processes, however, do not completely com- 
pensate one another, and a certain quantity of the lymph is 
drained off by the lymphatic vessels, being ultimately returned 
to the blood by the thoracic duct Wlien we Inject into the 
veins a solution containing salts or glucose only, we decrease 
the osmotic pressure of the proteins by dilution, more pressure 
la available for filtration, while the place where reabsorptlon 
begins is pushed farther towards the veins, so that a diminished 
area is in activity. The result is that the fluid injected leaves 
the circulation rapidly, and the blood returns to its diminished 
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volume. This agrees with clinical experience. If, however, we 
add to our Injection fluid a colloid possessing an osmotic pres- 
sure of the correct value, there Is no tendency to doss by In- 
creased filtration, and If the permeability of the capillaries is 
normal the increased blood volume Is permanent The pres* 
ont writer has shown that the addition of 6 or 7 per cent of 
gum arable to the 0.9 per cent, sodium chloride serves this 
purpose, and such a solution was In extensive use during the 
later period of the war. 

Incidentally, It may be remarked that the filtration of pro- 
tein-free liquid from the blood-vessels owing to the pressure 
therein Is the view moat generally accepted as the first stage 
of the production of urine. 

But there Is another way in which increased exudation 
from capillaries may be brought about. Suppose that the walls 
become permeable, not only to salts, but also to colloids. There 
is then no osmotic force to oppose filtration, because the os- 
motic pressure of the proteins cannot be effective. Now, such 
an effect is produced by histamine and other products of tissue 
destruction If it has reached a high value by prolonged action 
of the toxic substance, It cannot be restored to normal. Ac- 
cordingly, In late and severe stages of wound shock, neither 
blood nor intravenous gum-saline is effective. The liquid es- 
capes from the blood-vessels In a comparatively short time and 
the blood-pressure falls to Its former low level. The occurrence 
of this condition is shown by the coincidence of a low blood- 
pressure with a high haemoglol)ln content of the blood, indi- 
cating loss of fluid, whereas normally the low pressure would 
be associated with dilution This latter was, In fact, recog- 
nised AS a favorable sign. If the change In permeability has 
not become too great, the Introduction of blood or gum-saline 
may restore the normal state.* 

A similar action to that of histamine on the permeability of 
the capillary appears to be exerted by prolonged deflciency of 
blood-supply, probably owing to want of oxygen. The low pres- 
sure of shock in itself exaggerates the direct effect of the tissue 
toxins. 

In certain regions of the body, such as the liver, and to some 
extent, the intestines, the capillaries are normally more per- 
meable to proteins than in other regions, and lymph is accord- 
ingly more abundantly formed in such regions. It also con- 
tains a certain amount of protein But, of course, the pressure 
in the portal vein Is much lower than that In the arteries, and 
the lymph produced also ultimately finds ils way back Into the 
blood 


ANATOMICAL MODIFICATION OF ROOTS BY MECHAN- 
ICAL ACTION. 

Tub well known naturalist, Mme. E Bloch.® n'Oently pre- 
sented before the French Academy the results of her experi- 
ments wncemlng external compression of the stalks and 
rf>ots of various plants "nic work was done with the object 
of reproducing by experiments certain dlssyrnetries of struc- 
ture which had been observed uiion plants which have made 
their w'ny through stony ground or through the fissures of 
rocks. It was the investigator's purpose also to study thos<* 
factors which affect routs or stalks wlien they develop in 
various milieu (nir. earth, water), and pnwnl for this reason 
those various anatom leal differences which were first pointed 
out by Constantin* 

Cue of the first things olMjcrvod was that plants having 

’N M. Kkith, Blood V'olume In Wound Shock, SpetM Jfftpart, No 
20. Med» nea. Committee, 39JO, 36, 

*Mnio, R Bloch, roupernlng the Modlficatloim prodU(0d In the 
Stnirfuro of Roots and KtfUkn hr liTitornal ComporMslon (In French) 
CRAc Fr, vo\ 158. 3W14, pftge 1701 

*J Constantin Influence of the MUleu upon the Root (In French) 
Ann d So. Xat 7th Series, vol I, 1886 . Comparative Study of the 
Aortal and Subterranean StaUci of Die nieotyledons (in French 1 
Ann d Nat , 6th Serlea, vol. 16. 188S 


compressed roots and rhizomes — which were collected in stony 
terrltory^had floweo^ and fruited in « perfectly fM>rmal 
manner. It was noted secondly that all plants which had 
been developed from seeds and Inter subjected to experimental 
compression had ilkewtoe boeh -bloomed and borne fruit nor- 
mally. 

It Is evident, therefore, that the compression which pro- 
duces very important local modifications has no Infiuence upon 
the general development of the plant. This result is all the 
more remarkable since certain od(> 8 of the specimens when sub- 
jected to compression exhibited very surprising local deforma- 
tions : thus a root of the Raphanua raphaniatrumt whose aver- 
ag(» diameter was 30 mm. is reduced to 2 mm along a length 
of 30 nun. by the action of an external tube of glass, and this 
Is hy no moans an isolated example. 

From the anatomical point of view some of the results ob- 
tained are as follows: the surface of the bark has a struc- 
ture which differs greatly according to whether it develops in 
contact with the gloss or in contact with the earth. In the 
first case, we observe an epidermis having regular iso-dlamet- 
ric cells slightly cutinized and forming only a single layer 
while a root growing in earth exhibits suberoph4^U>dermie 
formations with lnyer«i of coik arranged in more or less Irregu- 
larly developed rows. These e\|jerl mental results may be 
compared with the phenomena ol)«erved In nature in the case 
of the Ivy, for example. The climbing stalk of Ivy attached 
to a support by its ^'suckers" possesses suber-phellodermlc 
formations in contact with ttie support, hut a simple epidermis 
upon 'the side exposed to the air. 

Another general nfodifleation In compressed specimens is 
the total or nearly total sui^resslon of the pith, often accom- 
panied by an abundant lignlfication of the medullary rays. 
Among those species which normally possess fibres, imprison- 
ment In glass ttibes or plat<»s prevents the development of this 
tissue, no trace of which remains. On the other hand plants 
having internal fiber continue to differentiate the tissue in 
the comprcsse<i specimens. 

Certain general conclusions may be drawn from the ensem- 
ble of the results obtained, certain tissues vary with the 
mechanical conditions In the surrounding medium (such as 
the nature of medium, external compression) ; we may call 
these tissues of adoption. As w^e have seen these are either 
tissues of contraction like the epidermis, tissues of support 
like the fibers and the medullary parenchyma, or else tissues 
f»f reserve like the pith. 

The otlier tissues, on the contrary, whldh may be called 
fftnctiopal tissue's continue to develop In an almost normal 
manner In almost all cases. Fibers of the wood may be fewer 
and narrower than In the contrary specimens but they continue 
to exist and are not modified except in the ensemble. The 
same thing Is true of the liber; thus the Internal liber may 
continue to exist even when the pith which it ordinarily en- 
vel<n>s has disappeared. 

To siwn the matter up, it Is possible to reproduce by experi- 
ment not only the dissymmetrical structures observed in cer- 
tain plants, but also tlm anatomical modifications which re- 
^-ult In certain cases from the influence of the •milieu. In this 
mantirr we muy attempt to find the principle by which these 
phenomena may be explained. 


SOYBEAN MEAL FOR CHICKS 

Exckrimbnts conducted at the Purdue University Agricul- 
tural Experiment Station on the relative value of meat scraps 
and soybean meal as a supplement to corn for growing chicks 
showed that the former were somewhat inferior to the latter. 
The best growth came from an addition of 10 parts of protein 
from soybean meal The next best gain camo from 30, 35 
and 20 parts of protein from the combination of soybean meal 
and meat scraps. — ^Abstracted from the Journal of Aprioultural 
Reaearch, Jan. .2, 1920. 



Hypersensitizing Commercial Panchromatic Plates* 

Effect of Bathing Plates in Alcohol and Ammonia 
By Samuel M. Burka, Ph.D. 


O RDINARY dry plattis, whliih owe their sensitivity to 
ta»e silver balides alone, are sensitive only to the vmM 
and blue regions of the spectrum If, however, a suitable 
dyeetuff be oddod', the emulsion becomes sensitive to other 
roglona, ihe portlcular region depending tm the dye usM. 
Thus erythroeln sensitizes to tlie green and greenlish yellow, 
plnaverdol to the green andi yellow, plnacyanol to the orange 
and red and dieyanin to tho extreme red and Infra-rwl 
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FIO. 1 APPAttATOS USMD IN THTfl SPKCTOGBAPHIC 
MHEHOD ok SKNSITOMmniV 


a, lAinip source, h, yollow fflasa , r, aUt ; d, concave mil rot . e, dlf 
fraction gratintr , f, plate to be tedted 


'J^ie d3re»tuff Ib applied to the halides m one of two \va>h 
In the commercial orthiechromatic (»cnsltil\e to grei>«i and 
yellow) an-d iwuchronwitlc ('sensitive to all colors) plates, 
the dyes are liicorporatod in the emulsion and the mixture 
dowtHl over Uie glass plabi. The smmd method wnslsts of 
bathltog an ordinary hlucH^jnsaitlve plate tn a dilute holullon 
of the dye and allowlmg the plarte to dry * 

The bathed plabia are in general faster than the commercial 
plates* and, of course, have the advantage that the plate*^ 
can be sensitized for any desired region (Certain dyes, more- 
over (<Mcyaniu, for example), cannot be successfully Incor- 
porated Im the emulsion The l>a'thed plates, howt^ver, If not 
used soon after bathmg, or If kept at a high temperature, are, 
In the case of most dyes, more susceptible to chemical fog 
EHcyanin and pdnacyanol bathed plates when prepared so as to 
produce the greati*et sendtivity are useless after three or 
four days. 

It has long been known that, though at the expense of keep- 
ing (]uallties and freedom from chemical fog, die speed of 
bathed plates can be increased by the addition of ammonia to 
the dyobath. Since -this Increase Is quite marked in the case 
of some dyes, K was hoped that In this way coramerdal plates 
oould have their speed Increased, and, at the suggestion of 
Dp. P. W. MefPrlll, a study was made at the Bureau of Stan- 
dajiSs of the influence erf ammonia on commercial orthochro- 
matde and panchmmatic plates. 

sknhitometuy. 

Three methods of eensLtonketry were used : first, the three- 
color acreen method; seoondi, the spectograph method; and 
third, the Harter and Driffield method. 


*Beprln)ted from, and cuta loaned by, the Journal of the Franktin 
Xnatitute, 

TOer, **HatuHiucfa der Photographle,** 1002, vol. 111, p. 169 at eaq. 
For the Bvreatt of Btandarde methods see Balletlu Btman of Stan- 
dards, 14, Stl, lOlt. 

•Bder, ^mttnich dtt Pbotographle," 1902, vol. ill, p. leo. Bsf- 
erence to Schumatui, Oct., 1895 ; Phot. Wochenbl , 1885, p. 895. 


The first mcUwxl, bastxl on Abney's metiliod,* which, howe\d% 
was used only as a qualitative method ait first cond‘<t> of 
exposing the plates to a constant light source (usually a nltio- 
gen-flUed tungHten lamp corroeted by color Hcrecns ho jin to 
have an energy distribution similar to daylight) a 

so-called trichromatic aensliUnnctcr plate. This plate a 
neutral ecreou liaviug four Ktrlps of stiuaree of ln(’rt»aHiug 
(k’^nslty, <5acli »qua*rc liaving twice thu* deneirty of the i>reced- 
ing One of tiht'sc strips is left white, while on the oIJicin are 
plttwl a red, a green, and a blue filter Intended to b<* <rf the 
Marne luminosity and muitually ejwluslve. Tlie plates to be 
tesbHl am thus exiMwed to varying Intensiirtles of white, red, 
gn‘en and blue light 

The 8eot>n<l metliod avoiils the difficulty of olvtalnlng filteis 
trainsrairtiting pure ^spectral colors, by exposing the plate in 
a KpeobQigroi>h 

The ai>puratus (Pig 1) consists of a concave graiting of 50 
cm radaiis with 20,000 lines per Inch, mounted in parallel 
light wiitih a 100-watt “daylight’' tungsten lamp on 110-volt 
A 0. circuit as a «i>urc‘e For use with color f«msltive plates 
a piece of yellow glass (7 mm. tlilck, CJomlng G 351 CB) 
barely transmilttlng the hydrogen blue line with wave-length 
4801 A woB placed In front of the alit to cut out the B(xx>nd 
oPd<a* blue. The region photographed was from about 4800A 
to the limit <rf eenrttlvlty of the plule A pair of cross^ialrs 
Just in front of the plate at the position of the red line of 
hydrogen (wave-lengUi 0503A) and of the blue line (4861 A) 
served as reffemux* marks. Fig 2 gives the energy distribu- 
tion of ithe lamp and HcitH?n <NMnblnatlon. The energy was de- 
tennined in the sptHtroph<Jlif«uetric laliomtory, visually on a 
Kbnig-Martens Si^eotrophotometer, by a substitution method 
of «)mpaHHon wltJi u radiomelrltally calibrated Mazda lamp. 

Tlie ph<jtogniphlc dcnsltlt's were tmsasured on a Hartmann 
Mk‘n>photemeter q'lids methed givna Immediiatc'ly the sensi- 
tivity of the phi'to to all imrlM of the Bpeftruui , but since, 



KKi 2 lONKilUitY DIHTRIHtmON OK THE L.A 1 MUP AND SCnEHN 
COMBINATION 


during the amuse of the work, minor changes (change of slit, 
resHvoring of mirror, etc.) were mada, the exposure times 
on dSlTerent sets of plates were not always equivalent. 

Furthermore, sinoe tho pkutos were of different kinds and 
showed markedly different mtm of developoiecut, they were, 
in this part of the work, developed by tray until tb^ Showed 

*Phot. Jour,, iuae, 1895; HKler, “Phot. iCow. « 1903, p 426 
Chapman Jone^ Photo, Jour, 1901, 256. 


t 
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the amount of fog allowable In plates to be used In general 
photography. The density of the (rilver depoelit obtained de- 
pends on the time of development, so that in the curves ob- 
tained the sheipes (roaxlnm and minima) are the really im- 



FIO 3 IliPORD SPDCIA.I, RAPID PANCHROMATIC (5630 N) 
Untreated , no filter , speed, 4 45 


0 traiight Uae porth>rHi o< tiie cams ta « vAxut bslov die mklik 
Tb» plftibes tor wiilcti Fig. 6 gives the diamatedstie curv ii 
coatain ftree bromkto in the emgMott, 

The Harter and Driffield ^qieeds for eeverai ainpioidated ftad 
onamaxmlated plates were obtahied« using an apparatas de- 
signed and baiU by Mr. B. Davis of the Boieaa of StandardSs 
The Uflfbt sooirGe (a oalUbmted tungsten lamp) IS oomoted 
for dayttgbt. and means are provided for aocoraitdy oonttoQ* 
Ing die current through the lamp, the speed of the sectored 
(Mak and the total ttnie of exposure. 

rSOCEDUBfi. 

A series of Cramer Spectrum Process and Ilfotd Special 
Rapid Panchvoixiatlc plates were bathed for four minutes at ' 
to 18** O. In waiter containing increoalng amounts of 
ammonia, and were then exposed In the speotogmph. Both 
Metol-Hydroqulnone and Pyro developers were used. II was 
soon found that the plates showed fog In development unless 
they were kept cool while drying and were dried rapidly. The 
plates showed a progressive increase in speed with increase 
in ammonia concentration until, with a bath containing 4 c.c. 
of cummonla water (containing 20 per cent NH,) in 100 c.c. 
distilled water, the plates began to fog so badly in development 
as to be useless. 

The ammoiDia was then added to water-aloohd mixtures of 
varying ooncentrationa The plates bathed In the alcoholic 
mnraonitt did not ha\e their sensitivity Increased as much 



Treated, Wratten **P*’ filter, speed, 1 8S 


portant ports and the density Is only oin>roximately a measure 
of the speed. 

The metlhod generally adopted for the measurement of the 
speed is that of Hunter and Drlftleld.* Specimens of the plate 
to be tested are exposed for the same time, behind a sectored 
wheel, to a standard ll^t «ourc(\ The transinlseplone, T, of 
the images obtained are measured and their densities, de- 
Ancd os — log T, are plotited os ordinates and the logarithm 
of the Lime of exposure, L\ as abscissas 

The curve oo obtained Is known as the characteristic curve 
of the plate. It consists of three parts: tlie first part is con- 
cave upward, the second 1» a stralfglht Hne and the third is 
coiwave downward. Proloag the straight line part of the 
curve until It Intemects the axle of abscissae The numerical 
value of ttie exposure at the i>oint of Intersection Is known as 
the Inertia, i, of the plate and the speed Is defined as 1/i Hur- 
ter and Driffield showed that Hils inertia of a plate la inde- 
pendent of the kind of developer used (exc^ for strong pyro 
and for the presence of free bromide) and of the time of de- 
velopment (see Figs. 3 and 4). Free bromides, either in the 
film or In the developer, dhift the point of intersection of the 

*Hurt«r and Driffldd, Jot^r. 8oo, Chtm. Jnduairtf, May, 1890, p. 465. 



A, untFeated; 1/40 ce. ammonia; C, 1/10 c. c. ammonia; P, 
% c.c. ammonia , g, 1 cc. ammonia . y, 8 c r, ammonia . 76 c c, water ; 
25 CO. alcotml. Same «apoaare and d^elopmont. 
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UNTRBATBD TBBATEaj 

no. 7 . OBAMBR OOMIMranCIAX. ISONON 


fhe me of alcohol deteriorated more quidEly. 

ttttli of 8 to 8 % C.C. of ammoDla water (20 
per cent NH,), 25 c.c. of aliOolKa and 75 c.^ of 
water to teoommended. ISiree and ODO-half ca of 
ammonia water to 100 c.c: of water to need where 
the maxliniun Increeae of eeaaltl'vlty to detoced, hot 
the plataa are much more waNaiMlUe to tog In do* 
Telcpment and muet be need wHhto a few hours 
df drying. Development should be oarrl^ out, 
using the Wratten Safenght No. 8 and over-de* 
vehquneBt' carefully guarded against. 

OBDIirABT PIJlXES. 

As to wdl known, toe m>eed of the silver halide 
emutoton can be Increased by treatment before 
It to flowed on the plate. This 'treatment, known 
as “ripenl'Dg,” to usually either to keep toe emul- 
sion at a high temperature for some <tone or to add 
lunmonia. This ripening by emnumia to effective 
even after the plates ere reedy for use.* 

On ripened plates such as the Seed 30 end 


as in the corresponding water baths, but were very much 
cleaner working. Seveaty-Ave parts of water to twenty-five of 
etoyl-ailc|Qhol gave the best resulte, and this proportion was 
adhered to thereafter. Sometimes the plates showod a slight 
network of fog (mottling) slmltor to the drying tnarke shown 
when iflates tun dipped (not soaked) in alcohol to hasten dry- 
ing. Washing in % per cent atocfliol for 20 or 30 seconds after 
toe aituTKmla bath prevented thia, but this final wash to not 
usually neceasary, especiailly If toe plates are not forced In 
devetopment. 

Fig. 6 gSves the spectral smudUvlty corvea of a series of 
Oramor Spectrum Process plates In baths con .aiming 1/40, 
1/10, %, 1 and 8 c.c. of 20 per cent NHt amimonla water to an 
alcohol-water mixture of 25 parts of alcohol and 75 parts of 
water. 

dhree to 8^ cc. of toe stipng ammonia to 76 c.c of water 
and 26 c.c. of alcohol was adopted as toe cxnnblnatlon to be 
used, and except for a few trials on various platea, the plates 
wars all treated with tola aame mixture. 

The time of batifing, 2, 4, wr 6 mimutes, had do oppredaUa 
effect, provided that the film was bathed long enough to get 
tocronghly eoaked>. Four mlnates wee the time used for 
bathing in all subaaqueot experlmsnitB. 

For a study of toe keeping qualities of the platea, a num- 
ber of Oramer Spectrum Process and Ilford Fandiromatle 
plates were treated and samplee of toe treated platee exposed 
and devehnied after being ctored for various lengtoi of ttma 
The Oramer pMtea ebowed deterioration after a week but 
were still usable. The Ilford plates were useless after 
three or four days. The plates which veere bathed without 


Cmtral Special, and on the Seed 28, there Is no 
appreciable Increase in speed when they are bathed ta am- 
monia. In sosne cases there Is rather a cAight decrease In 
speed. On 'one plate known to have been ripened by the 
ammonia process before coating (Central Dry Plate Oo ) 


70 



WAVELCNOTH 

riQ. 9. CBAiaiOE BFDCmtUl PBOCSSS (1439). 


A, aatisAted, lO-second expwrara; B, trmteO, 5-«ee»nd exposure i 
O, treated, 10-eecond expoewa 

whldh, however, was not fresh, this Increase in qteed oa 
subsequent batolng in ommonla was quite apparent. 

Microscopic examination of the treated and untreated platea 
showed no difference m toe slzeTof the grain. 



OBTBOCHBOMATIO PIATU. ' 

A numlber of iriates sensitive to the green and 
yellow were tried. Most of ithem showed no ap- 
preciable change in sensitivity. Some hod toe 
sensitivity decreased, e. g, Cramer Commercial 
IsonoD. The sensitivity of the Seed Aero Ortho 
was Increased tilghtly. 

Fig. 7 Is a print from treated and untreated 
Oramer Commercial Isonon negatives obtained 
through toe tricolor hensltometer plate. It will be 
noted 'that toe change In sensitivltir can be ob- 
served in all the strips. 

The Oramer “Tridifotnatii!” Miowed an Increase 
in sensitivity comparable to that otwerved in the 
Spectrum Process. 

Treatment of Eastman and of Ansoo N. O. 
flimsy whito ate orthochrosnatic; toowed no change 

•Dter, ‘•HandbttCti,*’ tU, »• W. 
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FIG 10 . WaATirrEN & WAINWUIGIHT PANCHKOMATir. 
KxpIrAtLon 4lwte, September 15, 1915. Used Oct. 21, I91ft 


larger timn the differences that are attributable to expf^ri- 
mentul errors. 

PANCHROMATIC PLATKS. 

Every pandbromatlc plate tried showed remarkable tiKTease 
In epeed. The very f\a»t plates, seveml of which were d<*vel- 
oped only rewenlly hi resjxmse tt> the need for fast (H>lor 
senaitlve plates for aerial photography, showed a sonn^vhiit 
smalAer Increase than the slower and process plates 
This sensitouieter plate method gives the relative of 

plates towards tUt3ers. but slmv the ttUers do ru>L tniiiKitilt 
pure spectral colors (the blue transmits a band In the rwl and 
the transmission of lihe three filters overlap) more can )>e 
leameil of the color senslHvity from the spet'trograph cnirvi‘»< 
Fig. 8. a print from a treated ami an untieatHl Si>e<*tnim 
Process Plate, shows the sensitivity of the plate to each wii\€*- 
length. 

Fig. 9 gives the Spectral sensitivity curves obtained ulth 
the Spectrum Process plate; 5- and 10-second exposures on the 
treated and 10 seconds’ exrjiosurc on tlie untreated plate 
One of the most striking ihanges produced by the ammonia 
treatment was the action on old jjanelirortiiatlc plates A 
Wratten and Wamwrlght pUHe nmrkixl ‘’use before Septem- 
ber 16, 1916,” was exposed on O*totier 21, 1918, In the sp^tro- 
graph As was to be expt'i^ed, the piate was badly foggtHi 
on the edges and the sensitivity of the emulsion was mucii 
below that of a fn'slj plate. Treatment with am- 
monia brought the sensitivity up to an even greater 
value than that iioRstwsed by a fresh plate (sei* 

Fig. 10). 

The Hurter and Driffield curves for some of 
these plaii^ gave the following values for the 
speed: 

Untreated Treated 

White lAlght 

Cramer Spectriun Proceea (1489). 10 2 251 

EMstmon Urperlimfital l^nchroinatlc 
IV d . , 12.6 

n ford Sa>ed a 1 Kapid Panoh r oraa tic 
5639 N 4.45 

SUndand Ortlioruon . ... 28 

MlniH Blue Rllter 
lOastman Kxperlmental Panchromatic 

2199 1.91 4 37 

I if ord l^cla 1 Rapid Panchromatic 

56.416 . 4 87 13 5 

P. Filter 

Cramer Spectrum Proceea (1489) . (K49 1 S8 

{QasfjDan hhcperimental Panchromatic 
IV d . 0 57 218 

The figut<es give tlie absolute speeds of the plates 
to whltaMlght and through the Wmtten Minus 
Blue and F Filters m the Hurter and Driffield 
wale The vaiue for the speed of the. Standard 


Orthonon pUite to w^hlte light’ obtained on the 
same ap|»aratua le given for comparison* The. 
Minas Blue^ a deep yellow filter, cute out all the 
blue and violet light, while the F, a deep red, 
transmits only the long red wavo'toiigtha 
Thebe figures Miow the remarkable Increase in 
speed of the plates, particularly in the long wave- 
length region. Thus the Oiomer ^Spectrufifi Pro- 
cees plates are Increased in speed 160 per cent to 
white light and nearly 400 per cent to the red. 
Through the Minus Blue filter one of the Ilford 
plates ts iDcreaeed dOO per cent 
These plates were used in exiverlments in air* 
plane photography, w^here for photographing 
through the base a fast red-sensitive plate Is nec- 
essary. Figa 11 to 18 are a set of prints from 
the Ilford plates. Figs. 11 and 12 were printed 
for the saime time from the untreated and treated 
platea Fig. IS is from the untreated negative 
timed to give 'the bistt print. The negatives were 
given the sanu^ exposure In the air and were ex- 
posed within a few seconds of each other through the Minus 
Blue filter. 

The increased speed of the tieated plate is apparent. It 
will be seen, also, that the treated plate is less oontrasty and 
givs much better detail in the shadows. 

Fig. 14 is from a Seed 30 plate used with no filter at an 
altitude of 17,000 fec?t on a slightly hazy day Fig. 17 shows 
the same scene taken on a treated Spectrum Process plate 
through the A filter. The pictures were taken aimnltaneously 
m a multiple lens <aniera. The Increased haze penetration ob- 
tainable by the use of the red filter is clearly shown. 

ACTION ON MINIMA. 

On every plate which had an Irregular curve of Hpectral 
wuisltlvlty, the minima were raised and in many cases 
smoothed out entirely For example, note tlie minima at 
6100A in Fig. 9. 

This property of the ammonia treatment adds greatly to the 
value of the plates In the photography of spectra, especially 
us the sensitivity la extended some 200 Angstrdm units further 
Into the red at the same tune The bad effc*et of a minlumm is, 
hi>w'ever, sinootheil emt tt> srwm* extent in ordinary photography 
ihrough filters 

Pr.ATKS WITH KNOWN JIVESTUFES 

The dilference In behavior l»etvviH*n the ordinary and ortho- 
clipomallc pinles and the panchromatic plates shows clearly 



PIG. 11. AJOMbONZATem PRaNTBD 21 B0GO9fX>e. 

Hyperseosltlsed llfoid pMM 1/160 second ezposoTs. Mitius Mii« 
filter. ObUqiie from 4,000 
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tibat t2ie sensHlvl'ty Increase dealt with here Is 
aot that observed by Eder, which Is due to **ripen- 
lug,** but Is an action associated with the dyestuff. 

The effect of the ammonia is to increase the 
sensitivity of tiie emulsion to the Incident light 
and not to increase the developabillty of a iaten^ 
image alr^dy formed, since a plate treated with 
aimmonia after exposure but before development 
showed DO Increase in sensitivity. That the action 
Is not due to the alkalinity of the batli is shown 
by the fact that bathing in a solution of sodium 
hydroxide having the same concentration of OH 
Ions had no effect on the speed of the plate. 

Pert of Ihe Increase la sp<*ed Is, probably, due 
to the fact that some of the dyestuff in the 
gelatine film Is wacdied out and Its ecreenlng ef* 
feet diminished. The amimoala bath btHoines col- 
red with- use and a color d Ifforonce i s ob- 
served between the untreated and treaU*d plate 
before development 

The pinaverdol dyes sensitize for tlie areen and 
yellow and an ortlioidiroimatlc plate containing one 
of this aeries of dyes 1ms the eensltivlty increased 
)>y the ammonia treatment Fig 15 Is a plate 
made up by the Cramer Dry Plate Co , using 
pinaverdol Pv. I., made by the Bureau of Chem- 
istry, and marked by Cramer “similar to Trlchromiitn* “ Th*^ 
Trichromatic plate has the senaitlvlty curve of a plmixctdol 
dyed plate and Fig. 16 gives the curve before and after am- 
monia treatment 

Mixtures of pinaverdol and plnacyanol are the dyes usually 
used in the prepaftatlon of panchromatic plates intenclisl for 
spectrum photography. The mixture of theee two dyes alone 
leaves a strong mlnlimum at about 6100A, The uubmonla 
treatment smooths out the mlnlimim In manv plates in- 
tended for general photography other dyes are eddeil to sense 
tlze In this region. 

Fig. 18 gives curves for a plate (similar to their SpiHtium 
Plate) made up by the Cramer Co, using a mixture of llm 
Bureau of Chiimistry’s plnacyanol, Pc. XII., and plniuerfhil, 
Pv. I. It will be noted tliat the addition of pinac>uiiol lowers 
the maximum due to tlie pinaverdol. 

The dyes used in sensitizing are nearly nil basic dyes, and 
It iB not probable that the ammonia chamges the dye Itself 
On the addition of ammonia to the dye solution before bath- 
ing, tiiere Is no color change It Is possible that the Mjlvent 


OMlqne from 4,000 feet 

a 

action of the ammonia on the silver halide fadlitates the 
leactlon lK?tweeu Ihe dyestuff and the s11vc*t salt, In addition 
h> its mftvnlng effect on the gelatin. This, liowever, does not 
account for the raising of the minima It is iwssible that 
there Is ihe formation of a AgNH,Cl-f“Dyestuff molwule with 
II photoseiiHitiveness sUglitly different from that of the original 
molecule 

SUMMAXY. 

Since dinmonla. when added to the dye bath In preparing 
bathed plates, Inei-eases Ihe sensitizing action of the dye, Its 
action on commercial plates was investigated 

In the cNKn*8e of tihe work three methods of seiisitometry 
were usetl Of these, one wtis use<l as a first qualitative 
test, the stHond, the spectrograph melliod, was usetl to study 
the effect of the ammonia on the sensitivity of the plate lo each 
wave-length, the third, the Hnrter and Drltlleld method, gives 
the absolute* >alue of the of the plate 

It w^as lourid tihait by bathing coininercial punchronmtlc 
plates In a solution of 25 cubic centimeters of ethyl-alcobol, T5 
cubic centimeters of water, and 3 cubic centimeters 
of HtiHHig ammonia water (20 i^r cent NH,) for 
four minuti^ at IS degree ctmtlgnide and drying 
lapidly, the sp<^l to white light is increaseil 100 
lM*r cent In nearly all casi»s, and the sensitivity in 
the retl portion of the si>ectriHn is extended one 
hundred or more AngslrOm units The speed in the 
re<l portion of the siiectnini Is Increased, in many 
ctises, 400 pt'r c(mt If the plates be bathed without 
Ihe alcohol (100 cc water, H’/i cubic centimeters of 
ammonia water) the siwod is still more increased, 
but the plates should be usiHl Immediately after 
drying 

Ordinary plates do not have tholr sensitivity 
nyipreciiably changed. Most brands of orthochro- 
nmtlc plates are not Improved, although one, the 
Cramer Trldmunatlc, showed the same Increa^ 
as the paucbometic plate. 

My thanks are due to Dr. J. S, Ames for his 
supervision of the present investigation and for 
valuable advice which he rendered during many 
conferences. 

The energy distribution of the light source in 
the apeotrograph was determined by Mr. B. P. T. 
Tyndall and Mr. H J. McNIcholas of the spectro- 
photometric laboratory, I am also Indebted to 



nroid pamchnmiaUe plate. 1/130 mtotmA oepoaure. MUms blue 
Alter. ObUfue from 4,000 feet. 



FDQ. 12. UNmnSOATESD FIjATB FRIJCTESD 21 SBCON1>S 

Ilford panebromatte piUte. 1/180 second exposure. lUnns blue 
filter. 
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PIG. 14. 6P£7D 80 F/H* NO PILTl^ 

so* oUlqtie ilrom 17,000 feet Hacy day. 1/100 second exposure. 
Taken aimultaneouaty with Pig. 17 In a multiple lens camera 


Mr. R. Davis and Mr. F. M. Walters, Jr., through whose help 
the Hurter and Driffield curves were obtained, and to Di. 
C. C. Kiesa, under whose direction and cooperation most of 
the work was done. 


THE ORIGIN OP OCEANS AND THE ARCHITECTIJIIB 
OP THE EARTH. 

At a meeting of the Oceanographic Institute, held Dec. 6, 
1019, a novel, attractive and Interesting theory of the forma- 
tion of oceans was expounded by M. Belot. The hypothesis 
is of eerpecial interest since it undertakes to explain not 
merely ocean formation but also the peculiarities of the 
architecture of the earth. M. Belot has subjected known 
daita to calculation and has deduced logical conclusions, taking 
as his starting point the following hypothesis : The earth at 
the moment when it was in one of the first stages of the 
condensation of its nebulous matter, L e. while it was a 
fluid, Incandescenit, anhydrous, spherical nucleus, was ani- 
mated by two movements; namely, the rotation around the 
line of its present poles and the other the movement of trans- 


lation from sooth to north along the line of these 
poles. These two movements exist at the present 
time—consequently the hypothesis Is entirely ad- 
missible. Part)hemK>i;e, there is no other hypothec 
sis, whetbeii aatronofnlcai or geologleal, whidi 
when subjected to test by calculation and observe- 
tion permits the explaxmtiton of all the facts, both 
present and ancient. We may mention in particu- 
lar ‘that the theory of prts^t causes, which is 
accepted as a dogma in geology and as the very 
foundation of this sd^oce, is absolutely powerless 
to explain all the said facts. 

If we accept the theory formulated by M. Belot, 
events must have occurred in the following 
manner : 

When the anhydrous nucleus, surrounded by an 
atmosphere which exerted upon it a pressure ap- 
proximately equal to 360 of our present atmos- 
phere had radiated sufficient heat into interstellar 
space to reduce its temperature to somewhat 
above 1,800* C. water was able to form, but must 
have been still in the state of vapor, since the 
aforesaid temperature is that of the dissociation 
of the eloinents of water and is much greater than 
its critical temperature 365* C. ( the critical 
pressure of water being 194 atmospheres). When 
the temperature had fallen to 1,100* 0. the mate- 
rials which were destined to form the solid crust 
of the terrestrial globe solidified around the austral 
I)ale, forming a cap along whose edge ddached 
blocks appeared, which, floating upon the surface of the 
liquid nudeus, finally detached themselves to the mass 
surrounding the boreal pole, thus constituting the foundation 
of the conttnenlal masses now existing in the northern hem- 
isphere. Then, as the cooling process continued, the solid 
nmss if the austral pole extended towards the north and 
Joined the boreal mass. Thus was formed the crust of the 
earth. 

At a temperature of from 800* to 700® C. the haloid salts, 
which bad rprevlously existed in the atmosphere In a state 
of vapor, fell in the form of rain upon the austral cap, there 
forming masses of considerable extent which would r^re- 
sent at the present time a uniform thickness of 45 m. over 
the surface of the globe. 

When the temperature had fallen to 365* C., i. c. the critical 
temperature of water, the latter became able to exist in the 
liquid state and was precipitated in the form of rain almost 
instantaneously upon the austral **cap” of the earth. Like 
the masses of matter which had been previously solidified or 
predpitated this water was ttansported from the south to the 
north, and far more easily than the materials forming the 
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crort of the earth by reason of Its fluidity ; In Its 
Oassage toward the north It carried with It to 
begin with the haloid salts and then sheared off 
the surface of the austral continent for the benefit 
of the bofeal continents. This action must have 
exhibited extraordinary Intensity by reason of the 
great rapidity at which the water traveled as 
weW as of Its high temperature and of the enor- 
mous pressure wMch It exerted upon the bottom of 
the ocean, since this first austral deluge repre- 
sents a layer of water covering the entire surface 
of our present tdobe to a depth of 1000 m. 

When the temperature of the atmosphere, con- 
tinuing to decrease, had fallen to 1,100* C. the 
austral pole was the seat of a second deluge, even 
taore abundant than the first (representing a depth 
of water of 2,000 m.), but less erosive In character. 

The solid austral masses of matter were never- 
thdless again sheared off and the material trans- 
ported towards the north, being deposited upon the 
foundation previously laid down and forming 
marine deposits which gave to the continents the 
broad outlines they have at present, <. e. the 
roughly triangular form .pointing toward the south 
wtulich they all possess, and thus modelling the 
terrestrial surface in almost the shape It presents 
at present, with a predominance of masses of earth 
In the northern hemisphere and of oceans In the 
southern hemisphere. 

It was in this manner that the oceans were 
formed and it Is evident that they wore hot In 
the beginning and hat they have always been 
salty. In fact more salty, at first, than they are at the present 
time, since they were then fully saturated with mineral salts, 
as Is Indeed the constituent water of all rocks, since this 
constituent water Is fossil sea water. 

The austral continent, whose Importance has been proved 
by the recent expeditions to the south pole, is merely the 
remainder — as we may say the non “decapitated” remainder 
of a continent which was originally 88 times as extensive 
as at the present time; the rest of the material originally 
composing It has served to form tflie boreal continents and 
the deposits which lie beneath the d(H>p seas. 



so* 
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red clay found at great depths hag never left these ocean 
depths and has nev'er taken part in the formation of the 
sedimentary strata of the continents of the northern hem- 
isphere This clay is highly ferniglnlus in character and 
its presence explains the recently discovered effect which these 
great ocean depths of Ihe austral continents exert upon the 
magnetic needle. 

The theory of austral floods also explains the method in 
which radio-active elements are distributed in the sub-soil 
and the formsution of the deposits of metallic ores and veins 
of metal and metomori^ilc rocks. These great austral floods 
which no human eye has ever seen, these great movements, 
have nothing In comtinon with the flood described in the Bible, 
nor with the fluctuations of the sea which have nsodeled the 
surface of the earth at different geological periods. The 
latter are movements of great insignificance compared with 
those first translations of matter described above, and their 
effects have been almast entirely confined to the northern 
hemlsphen*. 


All known facts that are of primary Importance or merely 
accessory, as well as all the most recent discoveries In geog- 
raphy and In chemistry and the physics of the globe, confirm 
this theory ot austral deluges formulated by M. Belot Some 
of these may be mentioned here. 

The great ocean depths have always existed, and existed 
in the very localities where they are now found ; the existence 
of a sea survoundliig the north pole is exiflelned by the for- 
mation of a depressloii around the nmrtb pole at the time of 
(he Aist aolldlfloatioa the cmat of tbe earth.. The dense 


MAGNETIC AND MECHANICAL TESTING OF IRON. 
Maonktic tests have been limited hitherto to magnetic pur- 
IMses, but attempts have recently been made to substitute 
such tests in place of mechanical tests for determining the 
physical proimrlles of the ferrous group of metals 
Magnetic tests, however, require exact laboratory work, not 
always applicable to workshop conditions and the vague nomen- 
clature In vogue does not facilitate their study. 

The question, therefore, arises: are the magnetic proi>erties 
of commercial Iron sufficiently uniform and, In their interpre- 
tation, suflldently definite, to reveal mechanical defects m the 
metal by Irregularities In the magnetic tests The evidence so 
far is promising. If not conclusive. 

The simplest way of magnetic measurement of rails Is the 
ring method. A ring Is wound with the magnetizing primary, 
over which is placed a few turns of the secondary winding. In 
circuit with a d’Arsonval gaBanometer. In the testing of ball- 
hearing races, rltary bysteresis measurements have be«i sab- 
stltuted for the throw of a ballistic galvanometer.— -Abstracted 
from Engineering by The Technical Revteto. 
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PRACTICAL MENTAL MEASUREMENT. 

IntdlllgeQoe Tests for Elementary Schools. 

By IlOBBHT M. Yebkks, 

Chairman of tba Reaeaicli tntfonnation Serrlo« 
of the National RoMoarch Council, 

Waahlnatoii, D C 

T he purpose of this article to an- 
nounce methods of group intelligence 
examining which have been prepared 
imder the auspices of the National liesearch 
Oounoll for use In our elementary schools, 
end particu'lerly in grades three to eight 
These metliods are pmctically completed and 
amtQgementB have been made with the 
World Book Oomipaxiy of Yonkers, New York, 
for the manufacture and diatrlibutlan of all 
materials necessary for the conduct of exam- 
ination. 

Fortunately the essential materials are ex- 
tremely simple, oonshstlng merely of the 
record blank, a printed key for the acorlng 
of the papers, and a little book which gives 
full directions for the conduct of the exaiminatlon and use 
of results. It Is expected that the “National Intelligence 
Tests,” as ttiese examinations are to be called, will be pub- 
lisluNi during tlie spring of 1020 
In order that these methods may l)e scdMmprovlng, it has 
been arranged between the National B&»ear<^ Council and the 
World Book Company that the ordinary commerdal profits 
on the publlcallonii shall be used for the expemse of research 
on methods of psychological examining and their useful appli- 
cations. 

Oddly enough man has given vastly more attention to the 
contrail of Inanimate nature and of the lives of other living 
things than to that of his own behavior. Largely because of 
the lesson of the war, this situation seems likely to change 
rapidly and radically. For among other things the great con- 
flict emphasised in an unusual manner the lmx>ortance of 
definite knowledge of human traits and of ways of utilizing 
them to advantage* It became clear to thousands of men 
and women who had to deal with military problems that the 
practical classification of men by various sorts of physical 
and mental measurement Is essential tx> the achievement of 
efficient work. 

Although It has long been recognized that physical dharac- 
teristics must be considered in connection with occupational 
choice and the kind and amount of work which may reason- 
ably be expected of a man, U la largely because of our war- 
time experiences that we have come to recognize widely the 
similar importance of considering mental qualities and capaci- 
ties In their relations to vocation and to the varied s^al 
demands. 

Man’s mental constitution is Just as complex as his physical 
body and as highly variable But fortunately it Is possible for 
ua to measure certain at least of the Important traits or 
qualities of mind almost as readily as we measure height, 
weight, muscular strength, endurance, and numerous other 
physical characteristics. It Is not a simple task to prepare 
a practically useful description of the mental make-up of a 
human being fenr there are many important traits or a^sqiMCts 
of mind whldi are signifleant and must be measured. It is 
common to think and speak of mind as consisting of Intelli- 
gence, feqUng, and will, but even If these terms are made 
to Include all aspects of mind each designates complex 


group of facts end further analysis is nec- 
essary. 

Most of the mental measurements which 
are being made for piactical purposes In our 
schools, hospitals, prisons, reformatories, 
factories, and In our army and navy, are 
really (measurements of one or another sort 
of Intellectual processes, such, for example, as 
memory, constructive Imagination, the abil- 
ity to think slmiply or to reason. But quite 
inseparable from what are properly called 
inteHectual processes are other processes 
which are usually termed feelings or emo- 
tions. These chiefly determine the tempera- 
ment and possibly also the character of the 
individual, and so It happens that even al- 
though a person may be Intellectually able 
and competent for a certain sort of task he 
may be quite unfit for the task because of 
emotional or, better still, temperamental 
characteristics. 

The accompanying figure ( 1 ) Indicates 
certain diifferences in the intelligence of two individuals. X 
was a sergeant In the United Statt^s infantry, thirty years old, 
a teamster who had progrressed In school as far as the fourth 
grade, and before entering the army received $18 a week wages 
Y was a private in the Infantry, twenty-three years old, a tool 
dresser by trade, with eighth grade education, and recelvivl 
before entering the army $49 per week. The figure rtiows 
how strikingly these two men differ with respect to eight 
groups of Intelleclual ineasurementa. 

Fig. 2 similarly indicates the differences for eight mental 
teats among three groups of army officers, namely: medical 
officers, chaplains, and engineers. These differences are in 
many rei^fiects surprising and mnke one wonder whether they 
are Inborn or the result of education and professional ex- 
perience. They may possess major vocational significance. 

A really useful description of the mental make-up of any 
person must rest, then, upon measurements of many mental 
traits. This la Just as true for the practical applications of 
psychology as for disinterested research A man may have 
intelligence enough to succeed as a carpenter but he may lack 
the desirable sorts of mechanical skill and it may be ex- 
tremely difficult or impossible for him to acquire them. An 
array officer may be highly Intelligent and eager to lead but 
because of defidency in the combination of emotional, voli- 
tional, and Intellectual traits which determine leadership, he 
may be wholly unsuccessful in his profession. Again, the 
salesman may fall short of the requirements of his occupa- 
tion because of temperamental characterlstiCB or because of 
Inadequate intelligence. 

It is now many years since Alfred Binet In Paris demon- 
strated, by the use of very crude methods, the possibility of 
clasatf^ng children with to mental make-up so that 

educational work might be facUltaited and the Individual 
child given better opjwrtunlty for devdopment The Influ- 
ence of Bluet's work has been world-wida It has stimulated 
alike endless improvements in methods of mental measure- 
ment and practical applications of the results whkli these 
methods made available. The war supplied an oiq;M>rtanlty 
for a convincing demonstration of the Importance of psy- 
chology In daily life and the preparedness of the profession 
to be useful There were few If any greater surprises in the 
war than this exhibition of the practical value of psychologicel 
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method*. Almost over night there developed In Amerlo* 
the oonTlction that psjrchology can be made serviceable, not 
only In education as heretofore, bnt similarly in oU of the 
protesstwMi and even In the Indnstries. It baa been said by 
those who should know that the suggestion of the academic, 
abstract, and impractical given by the word psychology very 
nearly rendered imgposslble the introduction of methods of 
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meuftal measurefincnt and elasslfioatioa In the United States 
Amy. It Is the more surprising, therefore, that today psy- 
choiogy 4diould be a word to conjure with in the military 
service. Tet, this Is undoubtedly true, and that not because 
of political Influence or of over-suggestibility, hut because of 
the demonstration from day to day, In scores of training cen> 
ters and in thousands of military organizations, of the ability 
of the psyohologkal examiner, by means of his almost ridicu- 
lously simple methods, to claisslfy m<*n acwrdlng to Intelli- 
gence as very superior, superior, high average, average, low 
average, Inferior, and very Inferior. For oonwnlence these 
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serveral groups were usually designated in the army by the 
letters A, B, 0+, 0, C—, D, and D— . 

Another reason for the amazing success of psychological 
work in the army was the wholesale demonatration of the 
tact of marked differences In intelligence among Individuals. 
Although this has long been known to psychologists and to 
others who have given any considerable amount of attention 
to the observatlxm of mental traits, pe^le In genenU had not 


thought enough on the matter to have any opinion. Army 
p^chologlsts suddenly supplied the necessary data to create 
an opinion. 

Such charts as those reproduced in Figures 8 and 4 fairly 
Indicate the degree of intellectual difference among Important 
army groups. Almost everyone grossly overestimates the aver- 
age Intelllgenoe of human beings, and similarly underestimates 
the range of difference In Intelligence. Compare, for example, 
the distriibutlon of Intelllgimce among the several letter-grade 
groups A to D — of the enlisted men In the United States 
Army who could read and write English fairly well, as repre- 
sented by the heavy solid line of the figure^ with the distri- 
bution of comsnissloned officers of the army, represented by 
the light solid line. Whereas enlisted men occur in consid- 
erable numbers in all grades of intelligence from the highest 
to the lowest, hut most frequently in the average of O grade, 
officers are mostly of either A or B, that Is, very superior or 
supi^rlor Intelligence. A few are found to fall In the O or 0-|- 
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groups, but there Is none In the D group and only an occa- 
sional unsuccessful Individual In tJlie C— category. 

A still more linipr<^»tive exhibit of difference In Intelligence 
among army groups, and of the practical signlftcance and re- 
la^onshlps of iutelllgence, la supplied by Fig. 4. For simplic- 
ity of representation the several grades or levels of Intelli- 
gence In this chart are arranged in thn^ groups which may be 
designateil as high, medium, and low. Low intelligence is 
always represented in the figure by the solid black bar, medium 
Intelligence by the white bar, and high intelligence by the 
shaded bar. It Is noteworthy that commissioned officers are 
all found In the medium or high Intelligence groups, while 
by contrast men designated by their officers as utterly un- 
teachable fall without exception either In the low or the 
medium intelligence groups. The contrast between the In- 
telligence of the ten best privates and the ten poorest privates, 
as selected by company comtnandera, also Is worth noting; 
and the acute reader will not overlook the practical Impor- 
tance of the fact presented by this figure that disciplinary 
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oaaes lu the army are ueually of low gra^e or medium Intelli- 
gence and very eeldom of high InteUigence. It 1« a natural 
inference from this figure that had the army rejected the 
ten per cent of recnilte with lowest IntelUgence^ the last four 
groups of Fig. 4, namely, those designated as disciplinary 
oases, poorest privates, men of low military value, and un- 
teacbable men, would have been reduced so considerably — 
probably as mudi as fifty per cent— that army costs and efll- 
cieocy of training would undoubtedly have been effected to 
the extent of millions of dollars. 

The press early in the development of military psychology 
seised upon the methods and results of psychological examin- 
ing as items of news which would appeal to the public. This 
proved to be true and psychology owes to the xuaguslnes and 
new8pai)ers of the country a degree and quality of publicity 
whi(Ai haa multiplied many fold both the interest in psychology 
as sdenco and as technology and the demand for its useful 
applications. This demand grew so rapidly during the war 
that the Division of Psydiology of the Surgeon General’s Office 
was much embarrassed by the requests from industrial con- 
cerns, educational Institutions of all sorts, and Individuals for 
the army methods or their equivalents. Similar demands 
overwhelmed the Cknumittee on Classification of Personnel of 
the Army, which was engaged primarily In occui»ational classi- 
fication and trades testing. At the moment it was impossi- 
ble to respond satisfactorily to these demands, however rea- 
sonable or urgent they might appear. But with the cessa- 
tion of hostilities the psychologists of the country hastened to 
show their good will and their eagerness to be of service in 
non-military weya 

There was organized for the intelligent, syatematlc study^ of 
psychological and other personnel problems In industry Tlie 
Scott Company, with oflices in Philadelphia and Chicago. 
There were promptly developed methods of examining college 
students or other groups of mature individuals. Indeed, for 
this puipose the army method of examining men by groups, 
which Is usually spoken of as ‘array alpha,’ and which consists 
of eight different tests of intelUgence, has been used for tite 
classification of students in upward of fifty colleges and nor- 


mal adiools. Otla^ Thomditoe, and Thurston, within a few 
months of the signing of the armistlca^ made available group 
methods of measuring Intelligence which are prUnarily use- 
ful in Institutions of higher learning. But it remained to 
provide methods suitable for the dassificatioa of children la 
our public seho<fis. 

There had been abundant indication of the interest ot 
public school authorities in the army methods and of their 
desire to secure equally serviceable methods for school use. 
The need was clearly urgent Consequmitly the writer, in 
cobperatlon with Lewis M, Terman, presented the matter to 
the General Education Board of the Bockefeller Foundation, 
with the suggeetloo that the preparation of methods of psy- 
chological exairainatUm suitable for use In gtommar schools 
might be financed by the Board. This suggestion was favor- 
ably received and arrangements were subsequently made by 
which the National Research Council, with the asslstanoe of 
an appix^riation of $25,000, should direct the preparation of 
methods. In the spring of 1919 a committee consisting of Dr. 
M. E. Haggerty, Dr. L. M. Tenuan, Dr. E. L. Thorndike, Dr. 
G. M. Whipple, and Dr. R. M. Yerkes, was organised by the 
Research Council to undertake this work. This commlittee 
acted promptly and energetically. It systematically surveyed 
the tests which were available for use and from among them 
selected something more than twenty kinds for preliminary 
trial. Many different forms of each of these twenty tests were 
prepared at considerable labor and expense. Some idea of the 
nature and variety of these tests is given by the following 
reproductions of the introductory exercises which were used. 
Thus, Test 1, as it appears, demands the completion of certain 
pictures. It (Should be emphasized that these figures are not 
complete tests but merely odd samples to Indicate the nature 
of the tests. Test 2 demands the numbering of the pictures 
lu logical order, so that they shall tell a story or indicate Ihe 
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fiattml Meqaenc0 of ovenu. Test 8 demaxKis comparison and 
tha recognition of degree of iiiui1arlty« Teat 4 demands rapid 
babit toriMUm and memory. 

These testa were given to more than 5,000 children late 
in the spring of 1010* The results were then oarefally studied 
and from anumg tiie tests which had been thoxoughly tried 
ten were selected for further use. These were finally arranged 
in two groups, five tests each. The first group la to be (tailed 
Examination A, or Intelligence Scale A. It consists of: (1) 
a test of arithmetloal reasoning; (2) a sentence completion 
test; (8) a logical selection test; (4) a synonyin-antonym test: 
(0) a symbol digit test. The second group, designated as Ex- 
amination B, or Intelligence Scale B, consists of: (1) a test 
of computation; (2) an information test; (8) a vocabulary 
test; (4) an analogies test; (5) a comparison test. 

Either of these two examinations may be given to an entire 
class in a i>eTlod of thirty minutes. For the hasty survey of 
a sdiool system In order to obtain a rough classification of 
the <hildren by intelligence, either Examination A alone or 
Examination B alone may be used, but for more careful and 
accurate dasslfioation it is recommended by the committee 
that Examination A be given one day end Examination B 
at least one day later. 

The examination papers can be scored rapidly by the use 
of printed keys or stencils which indicate exactly how the 
various items id each test should be answered. A child must 
be able to read English as well as the average third grade 
pupil In order to take these examinations satisfactorily, but 
the examinations demand very little writing, since, as In the 
case of the army examimtlon, the responses to the tests 
are mostly indicated by making such simple marks os a cross, 
s circle, or a line in the appropriate place For this reason 
the work Is fairly easy and pleasant to the average child. 

Each test in these examinations consists of from 15 to 40 
ditferent items, arranged in order of increasing difficulty. The 
first few items are usually so easy that a child of six to eight 
years can readily respond in the right way, but before the 
end of the test is rea<*hed the items have become so difficult 
that even a twelve-year-old child will frequently fall. A lim- 
ited time Is allowed for each test and this time Is so fixed 
that only a few, and Uiose the very quickest and brightest 
children, can possibly finish the test. 

These intelligence examinations supply a reasonably accurate 
measurement of the intellectual ability of imch child examined. 
The measurements may be expressed either in terms of the 
number of points scored m the examination, by letters as In 
the army, or by Indicating where the child belongs In the 
group of American school children, as, for example, among the 
highest five per cent It is unquestionably Imiwrtant that re- 
examination be made once or twice a year, In order to verify 


or ocurrect the Int^ligence rating and dasslfication, so that 
no Injustice shall be done the individual. Heretofore the 
psychological examining of all children in the public schools 
has been practically impossible because each individual bad 
to be examined separately and alone, the time varying any- 
where from thirty minutes to an hour. Under these condi- 
tions only children who failed to make satisfactory progress 
or were difficult to manage could be given examination, for 
the examiner never had the time or assistance to classify all 
pupils. The group method of examining radically alters the 
situation, for it makes it possible to examine an entire class 
in the time that It formerly took to examine a single pupil. 
The individual examination, it is true, ordinarily supplies a 
somewhat more reliatfie measure because in any group some 
individuals are likely to fail, for one reason or another, to do 
Justice to their abllit^\ This, however, Is merely an argument 
for re-examinotlon by the group method In order that the 
chances of serious injustice may be minimized. 

The really important contribution of the group method of 
psychological examining to educational classification is the 
school survey. It will undoubtedly become the practice In pro- 
gressive school systems to examine all pupils psychologically 
for the purpose of intelligence class! flea tlou at least once each 
school year and possibly twice. This kind of survey can be 
carried out with very little extra expense to the school, be- 
cause the metliods In question can be used effectively by any 
intelligent teacher who has had a few hours of intensive 
training in this kind of work. The results are wholly ob- 
jective, that Is, independent of the Judgment of the teacher 
as to how the items of the test should be answered, and like- 
wise Independent of the teacher's previous estimate of a 
child’s ability. On the child's school record card the intelli- 
gence rating should be entered, just as the address, age, sdiool 
grade, and so on, are recorded. It is merely an additional 
Item of information concerning the pupil, but as It happens 
it is one of the most Important items for educational and vo- 
cational purposes that can possibly be made available 
Although the school survey or wholesale classification of 
children by Intelligence is likely to play a conspicuously im- 
portant rOle in future educational development, It Is quite 
clear that methods of individual examining should be con- 
tinued and Improved, for the group method of examining will 
constantly bring to the attention of teachers and of psycho- 
logical speciallsla In school systems pupils who are mentally 
exceptional In <me way or another. Some will be exceptionally 
dull or backward; some just the opposite; others will exhibit 
peculiarities of emotional life or of temxwmmont which se- 
riously Interfere with school work. In any case a careful 
Individual examination by a thoroughly competent person is 
urgently desirable and Is indeed due the child. 


A NEW METHOD OF DETERMINING THE SPEED OF 
SOUND IN THE WATER. 

Thx flnst attempts at determining the speed of sounds in 
water were made by Oolladon and Sturm at Lake Leman in 
1827, the results formiing an accepted standard. Various 
phyjficiflts, however, have studied the problem in more detail 
since then in the Interests of greater precision. For example, 
they have endeavored to ascertain the possible influence of 
the temperature of the water and of the presence of dissolved 
liquids or gases In water. A Freiuffi scientist, M. Marti (the 
author of a system to take ocean soundings by the acoustic 
method, i. 6. by cssasurlng the time required for the noise of 
an explosion occurring at the surface of the water, to return 
to the latter after being reflected from the bottom), has 
recently renewed his researdhes with respect to the v^oclty of 
sound In sea water under given cmiditlons of temperature and 
of sgUaityir M. Martl'e experiments were made in the roads 
at Cherbaorg at a depth of about meters. Three deep 


waiter microphones were anchored In the same alignment par- 
allel to the great dike at a distance of about 900 meters from 
each other. The sound waves were produced by the detona- 
tion of explosives placed uxH>n the same alignment as that 
of the microphones at least at a distance of 1,200 meters. 
The passage of the front of the wave to the different micro- 
phonos respectively was registered by means of a standard- 
ized tuning fork and a recorder. Under the conditions then ex- 
isting the velocity of the sound wave was about 1508.5 
meters per second at a temperature of 14 5* O. with a density 
of water of about 1.0245. M. Marti estiniatod that the possible 
error ought not to be more than 50 centimeters, i. e. 1/8,000 of 
the value. These figures differ perceptibly from those given 
by Colladon and Sturm who fouqd the speed of poxipagation 
per second to be 1,485 meters in Lake Leman at 8" G. Marti 
found it to be 1309 meters in distilled water ait 4* C. while 
Doerslng gives it as 1,441 meters In water containing no air 
at 13* C. and 1,470 meters In a 1/10 solution of chloride of 
sodium (comnKm salt) at 15* C, 
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DUPLEX CAB AND ENGINE. 

Desobiption of a lig'ht British car with an nnusnal type of 
engine. 

The Duplex motor is of the single-sleeve dupltcated-piston 
type with ttie pistons running in conjointly twined cylinders. 

The moitor, Fig 1, consists of a detachalble beaded mono- 
t>lodc of 8 cylinders of only 56 mm. (2 20 in.) bore by 75 mm. 
(2 05 in.) stroke. 

The ports, inlet nod exhaust, are cut half around the outer 
side of each cylindiT and are opened and closed by crank- 
shafts through tiny connecting rode ebtaclhlng to lugs at the 
bases of the sleeves (Fig. 2). These sleeves which are of 
cast Iron carry three rings each, the top one wider than the 



FIO. 1 DUPLBX OLBaVID VALVB W)TOB, FLAN VIISW WITH 
IIBAD BLOCK DErTACHBD, SHOWING THU BI9MI- 
CIKCUIMIFSRBNTIAL POUT ABEtAS ‘ 

other two and os the ports are 5/10 in. deep on the exhaust 
side and % in. deep <m the Inlet, the construction gives a large 
valve area with a comparatively slight sleeve motion (1V& In.). 

The pistons carry their three rings on the middle of their 
trunks and the gudgeons rather lower than usual, becaus<> 
of tbe connection in each pair to a common crankpln on the 
short 4-throw crankshaft 

The crankshaft is mounted at the ends only in two roller 
bearings, the rollers being holloiw to enable them to be link- 
caged and distanced somewhat like the rollers in a chain. 
The sleeve ehltfts, on the other hand, are mounted In long 
plain bearings with bolt thrusts at the end and drive is by 
h^lcal gearing from the front end of the crankshaft. The 
sleeve ehaft also carries an eccentric actuating a horisontal 
piston putnp internally spring loaded which draws oil from a 
large deep learvmrd pump by way of a non-retuin boll valve 
(right-hand side of Fig 2) and delivers it downward again 
to a gallery lead in the casting for distribution to four trans- 
verse troughs from which dippers on the big ends effect splash 
lubrication to all Interior surfaces. ‘ 

It Is claimed that this design permits obtaining rather in- 
teresting physical results; namely, a cylinder capacity of ap- 
proximately 80 mm. (S.15 in.) by 75 nmi- (2.96 in.) halved in 
area so as to produce a slmuttaneona effort under the medium 
long stroke or internal combustlOD conditions of 50 mm. 
(2.20 in.) by 76 tmn. (2.85 in.). It is elaltnsd that In this 
manner all the capacity of the short-stroke type is obtained 


for snstalned high speed without its eatravaganoe and JeAgr 
luSexlbiUty at low and medium epeeds. In fact, it is claimed 
that the motor is obtained in which the power curve cmnes 
practically in a straight line from the rated 10 h.p. at 1,000 
r p.m. up to 88 h.p. at 8,000 r.p.m. 

As regards the valve mechanism, U is stated that the valve 
ehafto having only frloUonal resttstanebi to overooow aw 
doing next to no work and their rotation abeoihe little power, 
while the system affords easy timing. It is claimed the motor 
presents anusually good cooling facilities . — The Auto Motor 
Journal, January 16, 1020, pp. 06-08. 


PRODUCER GAS FOR MOTOR VEHICLES. 

OBEBBAn discussion of the advantages and disadvantages of 
the use of producer gas for naotor vehicles, followed by 
a description of some attmnpts to do it on a practical scale — 
auMHig others, those made by the author of the paper hlms^f. 

In the otdnlon of the author the ordinary producer is larger 
and heavier than It might be and one of the reasons for 



FIG. 2 DUFLDX aUSBWl VALVE MOTOB, BBCTIONAL BND 
VIEW FBOM TUB FBONT 


this condition is that a very deep fuel bed is employed. To 
get away from this excessive weight the author resorted to 
the nse of a thin belt of fuel which made it necessary to main- 
tain two tilings: (1) a regular feed 4^ fuel In small measored 
quantities, and (2) continnons agUatioii of the whole fuel 
bed in order tint no diann^s or boles in the Ore might occur, 
end that all eah might be constantly sifted out end the fnel 
bed kept Uiht and porous to give easy passage to ths air and 
water vapor thronih it In the inmdnoer used by the author 
tiie depth of the fnrnace ebamber was api^rosliBately 18 
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ioobMi tte deptii of 5re being only 6 inchos and it la atated 
tlMbt tho producer trUh aaoh a thin bed of fuel works very 
]ow» «adt ttiat of aiithmcite» seml-wttiracite and hard non* 
caking steam coal only dust Is found in the scrubber. 

The feed and grate mechanism were drlvw by the engine 
of the Tehlcle and a meohanical ash discharge was also added. 
This enabled a farther reduction in the size of the producer 
by doing away with the necessity of providing an ash imn 
large enough to contain the ash formed during some hours* 
running. 

As great dexUblllty in the operation of Uie producer was 
desired, It was found that water could not be fed directly to 
the fire which made It necessary to feed it as steam, and 
further in order to keep the qualiity of the gas constant the 
air passing to the producer had to be used as a regulating me- 
dium for the steam supply. A small vaporizer or boiler was 
therefore fitted to the producer heated by radiation through 
the Are and tho passage of gas through a channel formi'd in it 
(Figs. 3 and 4.) 

The effect of varying level In the vaporizer due to tlie roll- 
ing of the vehicle on uneven toad was overcome by a device 
described in the original paper. 

The producer as shown In Figs. 3 and 4 was controlled only 
by the speed of the engine. A throttle to the air Inlet to the 
vaporizer was fitted, through which all air admitted to the 
producer had to i>ass. This tlirottle was coupled to the engine 
throttle, so that as the engine throttle was opened the throttle 
on the air inlet was partially closed. The result of this 
was to lower the boiling point of the water In the vaporizer. 


which then gave off steam freely owing to the drop in atmos- 
pheric pressure or slight vacuum to which It la subjected. 

In addition to that Ik was^ however, necessary to regulate 
the action of the producer also by the load on the engine 
which was done by means of an arrangement in which the 
stroke of the fuel-feed device and the stroke of the water 
pump were varied. 

As regards the question of scrubbing the devloe shown In 
Fig. 5 is claimed to have solved the problem of ufaklng it 
automatic This device is in three sections (1) the feed 
heater; (2) the cooling tubes: (3) the filter tubes. 

The gas from the producer enters the top header at the 
left hand end. and passes down the internal tube of the feed 
heater, wiblch at the lower end is coned, and this tends to 
Increase the velocity of ithe gas. The gas then expands Into a 
«4eitling chamber or pot. and in doing so dix>pB a very large 
percentage of dust in suspension. It then leaves tho settling 
chamber by an annular possage and passes up and down two 
or more banks of cooling tubes In these tubes and the 
headers more dust is doposiited Finally, the gas passes up 
two or more large diameter tubes, which are fitted with fine 
gauze flKers of conical shape, and filter fitting the bore of 
the tul)e at the lower end; to this a cross handle ts attached, 
which allows the filter to be easily withdrawn through the 
door In the top header. An arrangement la also provided 
whereby any filter can be closed off and withdrawn for clean- 
ing without stopping the acrtlon of the producer, but this is not 
likely to be required for vehicle work The gas on leaving the 
filters Is clean enough for all practical purposes and carries 
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no more duat than U dfrawn Into the air inlet of a carburetor 
when the roada are dusty. The cleaning of the flHer is 
simple, and only takes two or three minutes;. The doors are 
opened, the gaui&e Alters withdrawn and water la poured In at 
the top doors and all dust washed out ; the gauze filters are 
then shaken and replaced. Tlie water from the feed pump 
on the producer enters the feed heater at the bottom opening 
and leaves at the top of the vaporizer. This cools the gas 
considerably and also recovers much valuable heat which 
would otherwise be lost The combined feed heater and filter 
is very small and can be easily accommodated on the dash- 
board on the side opposite to the producer. Many other forms 
of filters will no doubt be possible, but the author thinks It 
will be difficult to evolve a design which at once meets the 
requirements and is of less weight and size. 

The material found in the filter is merely the fuel dust. 



FIG 0 SCBUUBBR VOUl 'FttE SMITH GAS PROnUCtni PI^ANT 

Which Is quite dry and dean, and no trace of any tarry 
substance likely to cause trouble with the engine lias ever been 
found. 

The mixing valves and refractory lining of the producer 
are deacrlbedi In some detail. As regards the weight of the 
producer, it Is stated' that the plant which has a grate 12 
inches In diameter, equivalent to 60 h.p, weighs with its 
oonncctlons approxlinately 2.75 cwt. (308 lb), corresponding 
to a weiglit of 6 pounds per horse-power, notwithstanding the 
fact that cast Iron was used throughout. This does not In- 
clude, of course, the weight of the engine itself, but only that 
of the prdUGcr and its appurtenances. 

As regards the engine design, the author states that the 
conventional gasoline engine is entirely unsuiitable for use 
with producer gas. With such a cheap fuel a large compara- 
tively slow running engine could be used wHh approximately 
the same chaiaotertotlcs as a stationary engine. A higher 
compression with a half-compression device is* essential, as a 
pressure of 120 to 15(H;)ound gage would be necessary to 
obtain a fair economy with producer gas. The author rec- 
ommends^ for example, an engine such as the four-cylinder 
statloDary type, 6^ inches In diameter by 7%-inch stroke, 
miming at 600 r.p.ia. 

As r^rds fuels, the author tested anthracite, semi-anthm- 


cite, coke, iharcoai, peat, maize cobs and straw, all of these 
fuels proving satisfaictory under certain condtlons. 

In an editorial article on page 65 of EnfftnMinff for Jan^ 
imry 16, 3920, attention is called to the fact that in the pai>er 
DO infoniiati<Ki is given as to the degree of rrilabUUy to be 
expected from the system described by J. D. Smith, a point 
which would be of interest to prospiBc^ve users especially if 
they had had experience with stationary producer plants.— 
Paper by D, J, Smith, read before the Institution of Autonoo* 
bile Engineers, January 8, 1620, abstracted through The As- 
tomebile Engineer, January, 1920, pp. 22-32, and Engineering, 
January 9 and 16, 1920, pp. 59-64 aski 92-95. 


A PECULIAR TYPE OP INTBRORYSTALLINB BRITTLE- 
NESS OF COPPER. 

Whkn copper Is heated In a molten bath of sodium chloride 
for the puipose of cleaning and softening, it has been noticed 
that the copper was embrittled. Under these conditions the 
copper ie more or less In contact with iron or steel, either 
from a stirring rod, forceps for handlting the piece or the pot 
used to contain the saH, and a “galvanic couple” with the 
copper as cathode would bo formed. 

Experiments wore made with small rods of copper and mild 
steel wltlch were made either anode or cathode in a bath of 
moilten salt and witli an e.m.f of approximately six volts. 
The brittlenpes of tho copper rods was compared with un- 
treated material by bending the specimens back and forth 
with one end firmly clamped. 

The copper rod which was an anode was as tough and soft 
as the original and required practically the same number of 
bends to cause It to fracture. The cathode copper was found 
to be very brittle. 

Microscopic examination showed the anode copper to be 
perceptibly smoother on the surface than the original ma- 
terial, the structure was that of annealed copper. In the 
cathode copper rod the crystalline boundaries on the surface 
are well defined and tlie intercrystaliline boundaries for an 
appreciable d^h within the metal are made wider. 

The probable explanation of embriittleraent of the copper 
when It is made the cathode is that an appreciable amount 
of metallic sodium is formed by the electrolysis which imme- 
diately alloys with the copper, the attack being selective 
towards the grain boundaries rather than forming an alloy 
layer of uniform thickness upon the outside. — ^Abstract of 
Technologic Paper of the Bureau of Siandarda, No. 158. 
Henry 8 Ratodon and S. D, Langdon, authors. 


MEOIIANICAL STOKERS ABOARD SHIP. 

Pbooiucss of the application of xnoehanioal stoking aboard 
ship. It Is claimed that the Introduction of oil fu^ holds 
back their wider adoption at present The adoption of me- 
chanical stoker-feed aboard ship Is clearly related to the in- 
troduction thereon of the water-tube boiler, and this latter 
is opposed in some quarters because of its alleged inferiority 
to the Scotch boiler In respect to reliability. 

The author points out, however, that the experience of 
American war vessels and the vessels of the Emergency Fleet 
Corporation has shown that when properly handled the water- 
tube boiler is highly reliable and instances are given to prove 
this contention. 

Fig. 7 fefiiows an installation of Riley multiple retort under 
feed stokers such as carried out by •the Erith Engine^ng 
Company of London. In this case It has been adapted to the 
Babcock & Wilcox-type cross-dmim water-tube boiler built wllh 
tubes 14 feet long. The boileors are liusrtaUed athwart ship. 

Owing to the moderate oontlnuous load very high combus- 
tion chambers are not redulred, the long pattern stoker oper- 
ating at comparatively low combustion rates. The stoker, of 
course, cleans Itself of ash ; the coal is mechanicaUy handled 
making on shipboard an instaUatlon dosriy similar to a mod- 
em stationary steam plant. Furthermore, the equipmesit does 
not occupy as mudi space as the usually inataUed Scotdi 
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boiler of equivalent steaiuing capacity and the weight i» much 
less also. 

The Emergency Fleet Corpomtlon follows a somewthat dif- 
ferent line of design, as one can see from Fig. 8. The charac- 
teristic feature of this type of installation is the baffling found 
by experiment with the assistance of the Bureau of Mines 
and claimed to enoible getting the most heat out of the flue 
gases and into the boilers. 

Here also plenty of room Is provided for ash deposit and 
removal at the refuse end of the stokers (the coal-handling 
machinery Is not shown). 

These boilers are very much lighter for a given steaming 
capacity than tlio Scotch. The Heine boiler of 3100 sq. ft. 
heating surface, 225-lb. pressure, hand-flred, without grates 
but Inclusive of water, weighs GO tons. The Scotch of 3032 
sq. ft, 220-lb. pressure/ weiglis dry 68.48 tons and requires 
29.62 tong of water, making a total of 98 tons, as against 60 
tons for the water-tube. The 8,000- to 10,000-ton Bhl<p8 of 11 
knots speed need three such boilers. The saving in weight 
alone per ship is, .therefore, appreciable 
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While the mechanics of the application of mechanical 
stokers aboard ship hoe been fully developed by the engineers 
of the Bmergimcy Fleet Corporation the stokers will not be 
applied to the ships owing to the low price of fuel oil to 
the corporation. It is now somewhere in the neighborhood of 
2^ cents a gallon, which beats coal out of running. Daring 
the war, however, the Government had to pay from 7 to 9 
cents per gallon for oil and It Is now believed that the 
present low price will not stay very long. 

The navk's of the world will use oil regardless of price. So, 
too, will fast passenger ships. It Is believed by many that 
there Is not enough oil to warrhut Its wide use In the mer- 
chant marine for many years, although within recent weeks 
rich oil finds are reported from Colombia. Just now American 
coal is selling in Italy for $36 a ton. The freight rate is $22. 
So It is not bad business now to use oll-buming ships In the 
coal trade to Europe. Yes, the mechanical stoker for ships is 
here, and when oil again becomes hlgh-prlcod or Its supply 
alarmingly dlmlnlsluHl, It will come Into its own — Charles H. 
Bromley in Power, Jan. 20, 1020, pp 86-89 


FATIGUE AND ITS EFFECT ON PRODUCTION. 

A PAPER by A Vautrin In Tcchnik U7id Wirtshaft, published 
by the Vereln^eutseher Ingeoleure, vol 12, No. 11, Nov., 1019, 
p. 748 and following, discusses in an interesting manner the 
nature of fatigue and Its Influence on productivity of labor, 
acddenls, hours, etc. 

It has been known for some time and experimentally estab- 
llslicd by Kraepelin that all work whether ijfhysical or mental 
done by man Is accompanied by a series of reactions which 
either favor Its continuation or oppose It. 

The most Important of its reactions opposing the tendency 
to continue working is known as fatigue and may be of phys- 
ical or mental character or a combination of the two. 

As regards Its physical nature, it appears that all work 
produces in the body materials (chemical or organic) which 
exert gradually a narcotic effect on the central organs of the 
nervous system In fact, Welchardt claims to have established 
In anlmaLs the presence of a poison produced by fatigue which 
he calls kenotoxin. 

Fatigue may be either physical or mental. In physical 
work certain groups of muscles are In action, thereby produc- 
ing a corresponding excitation in the central nervous system. 
Muscular l^tigue takes place therefore partly on the muscu- 
iar periphery end partly at the brain center and the mors 
demand Is made on the brain center the greater the final 
fSttgue. Purely mental work creates a demand on tbs large 
bnain, wtfich means a gradual exhaustion of the gray mat- 
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ter and a certain demand on the nervous ganglae connected 
therewith. In either case, however, sooner or later there fol- 
lows an exhaustion of the organs broug^bt into action. 

Moreover there Is a cloee connection between physical and 
mental fatigue end It is a well-known fact that when the 
body is overtired for any considerable length of time, this 
also reduces the ability of the brain to do mental work. The 
reason for this is clear All work may be physiologically con- 
sidered as a process of consumption which calls Into play not 
only the organs directly prtxluclng the work but more or less 



PIQ. 0 DlWraiBUmON of ACXnnWNTB IX TITEJ CH®MICAL 
INOOBTIIY DURINO THH WOBKINO DATS IN THE 
YEARlS 1807-1007 

all the energy reserves of the body. Hence, bodily exhaustion 
wUl gradually lead also to mental exhaustion, and an overbur- 
dening of one part of tlhe body by products of fatigue will 
nesessarlly sooner or later affect the operating ability of all 
the other parts of the body. 

Fatigue is only a moderate degree of the lowering of tlie 
producing ability of the body due to exhaustive work A 
greater degree thereof is known as exhaustion and the differ- 
ence between the two is stated as follows; Fatigue leads to 
the lowering of the ability to perform ^wk; exhaustion repre- 
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PlQ. 10. DiaTRIACTlOX OF ACCIDENTS IN A GERMAN 
CABLE FACTORY OVUROUGHOUT THE WORKING DAY 

•onto a state at which the i>erfonnance of work becomes en- 
tirely impocHrible. Physiologically, exbauetion represents sucAi 
an accumulation of the iHoducts of fatigue that the body is 
unable to reconetuct Itself for the time being. 

A clear difference must be made between fatigue, which Is an 
obJectlTe phenomenon and represents the actual falling in the 
ability to perform work, and the sidiJeotlTe feeling of fatigue, 
namely, tiredness. Whereas fatigue is produced by the actual 
physiological processes of exchange of materials In the body, 
tiredness may he the result of various conditions and drcum- 


stances lying often entirely ooWde of the dEovt to ptoduos 
work. Fatigue Is a physiological phenomenon; tiredness psy- 
chologloaL It may be due to la4& of Interest in the work 
performed, ontdde happenings In the life of the workman, etc. 
These facts have been eetoblished hy an Investigation mada 
by Marie Bemays on the tiredness of workmen In the Oladbach 
Textile Works. It was found there that It Is the highest 
paid workmen, those which work most carefnlly tbsit get 
tired most quickly, heoaose the work becomes a torture to them. 

The degree of tiredness depends mainly on the condition of 
tlie workman and the same amount of dfort will produce a 
greater tiredness in a weak man than in a strong man, in a 
man poorly noarlsbed than In one wdl nourished. In boys 
and women gr«>ater than In grown-up men. 

The paper brings some facts In confirmation of the claim 
often brcteght out bdforO that there is a distinct connection 
between fatigue and accidents. Altboogh the author makes It 
clear thaf he does not consider accidents as being due to 
fatigue. From his data It would appear that In hours when 
tbo fatigue of the workman la still light there are scarcely any 
accidents, while in the sections of the working day or week 
when the fatigue has grown to an appreciable extent the num- 
ber of accidents Is more than double the average. Figs. 9 to 11 



FIG 11 FREQUENCY OF ACCIDENTS IN THE VAAIOUS 
DAYS OF TBS WEEK OOMTTTBD PER 100 WOUNDED 
OR KITAiBD PERSONS 

together with tabular data In the article, would indicate that 
Interruption of toe working day by riwt periods reduces acci- 
dents very materlaHy and that of all the days of the week 
Saturday, the day when fatigue Is at ite climax. Is also the 
worst day from the point of view of accident occurrence, 
patithnilarly where the Saturday half holidhy Is not employed. 

These statistics were collected in Lower Frankoula In 1805 : 

With a 0%-<hour working day there were 1.1 accidents per 
100 workmen. 

With a lOV^-hour working day there were 2.0 accidents per 
100 workmen. 

With a 13-bour working day there were 18.2 accidents per 
100 woikmen. 

More than iS-hours there were 17.0 accidents per 100 work- 
men. 

In printing establishments the accidents for the years 1910 
to 1018 were on an avrnage distributed in the following manner 
torough the days of the we^ : 


Sunday 

180 

Monday 

58B 

Tuesday 

588 

Wednesday 

680 

Thursday 

648 

Friday 

680 

Sstuiday 

686 
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MERCURY ABO REOTlFlEUiS B’OR LARGE OUTPUTS. 

Since th© tbercury arc rectbfter entered the field of indua- 
trial application its theory, as well os its general coastructlon, 
has been the sulbjeot of numerous inihllcatlons. It Is, there^ 
fore, hardly necessary to touch here on the principles Involved. 
It will suffice on this occasion to recall that the “vacuum tube 
rectiflers" of Mr. Oooper Hewitt have been known since 1P02. 
The current capacity of such recUiflers, la Umlted by the maxi* 
mum i>ermisslble size of the platinum leaidlng-ln wires, but 
nevertheless they have been successfully constructed for 
currents up to 100 amperes, after which an Increase of 
capacity is only obtainable with a reduction In the life of 
the apparatus. Such rectifiers have been extensively used 
with excellent results for battery charging for the supply of 
small motors and arc lamiNS in series. 

The loses in the mercury "arc rectifier are etiual to the 
product of the current and the pressure drop across the arc. 
The latter Is Independent of the current value — it varies from 
18 to 20 volts according to the pressure at the terminals. Gon- 
sequently the efficiency of rectifiers at high pressure is very 
high — for Instance at 600 volts an efficiency of 05 x>cr cent 
can be obtained which remaiiis practically constant down to 
very light loads. 

The favorable results obtainable with apparatus of low out* 
put encouraged the Soddtd Anonyme Brown, Boverl & Com- 
pany to Investigate the question of building rectifiers for 
large outputs. A “Rectifier Company'* was formed by the 
firm in 1912 In Claris, Switzerland, for the purpose of carry- 
ing out the necessary experimental work. The technical staff 
met and overcame nuimerous difficulties of a practical nature. 
Large metallic chambers sufficiently gastlght to enable the 
maintenance of a vacuum of 002 mm. of mercury were con- 
structed. Then the insulated terminals for the conductors 
carrying the current to the electrode, required the Invention of 
Joints which should be perfectly gastlght Again, It was neces- 
sary to provide means for preventing short circuits between 
the anodes which may occur when an arc Is started between 
two fixed electrodes It is possible to prevent them by carefully 
choosing tlie position of the electrodes in the apparatus and 
by compelling the arc to follow a predetermined path with 
the aid of shields and suitable guides. Another danger that 
had to be guarded against consists In the discharges which 
may occur between tiie anodes and the neutral substances in 
the Interior of the chamber; the latter may cause a black 
deposit in the rectifier and rapidly put It out of order. 

Since 1916 the Brown, Boverl & Co. have been able to con- 
struct thoroughly rdlable rectifiers of large output Further 
improvements were made In ttieir 1917 modela The larger 
units are water-cooled. The arc chamber Is provided with 
a water Jacket, while cooling water also circulates around the 
condensing cylinder, the cathode and the cover carrying the 
anodes. Further the anodes are cooled by means of ribbed 
cylinders (containing water) surrounding their upper ex- 
tremities. In the case of rectifiers working at lees than 600 
volts d.c, pressure, and provided that both poles are insulated, 
running water from the mains may be used If it is of suitable 
quality. In ell other cases a self-contained system is Installed 
consisting of a radiator located In a convenient position, and a 
pump. 

A vacuum is created In the arc chamber by means of a two- 
stage vacuum pump which is an essential accessory to each 
Installation; with these pumps a vacuum of 0,006 mm. mer- 
cury is obtalnshle. After a rectifler has been a few months 
in service the mercury seals are prop^iriy formed and the 


cylinders are then hermetically ^aled. Further operation of 
the vacuum puxnp Is not required as a rule — any slight decrease 
of the vacuum which may be observed when the apparatus is 
not on load Is compensated under working conditions by the 
absorption of the gases by the arc. The vacuum pump has 
been so designed that it requires no supervision during opera- 
tion, and as no oil can escape from It should the pump stop 
accidentally, service Interruptions caused by oil escaping from 
the pump and thus allowing air to penetrate Into the rectifier 
are avoided. The actual degree of vacuum varies from 0,01 to 
0.1 mm. of mercury, and it is sometimes found in practice that 
an electrical method of measuring the vacuum Is preferable to 
the use of the Mcl^eod vacuum gage. 

As the Internal construction of this class of rectifler re- 
mains practically unchanged for working pressures between 
110 and 800 volts, a few standard sizes — ^graded In accordance 
with the current output — cover a wide range of requirements. 
Up to the present two sizes have been standardized, namely 
for 250 and for 500 amperes. Larger outputs have so far 
been dealt with by employing a suitable numfber of cylinders 
in parallel It Is said that pressure up to 2,400 volts can be 
dealt with. A third standard size — for 1,000 amx>cres and 750 
volts continuous rating, is now in course of construction. The 
agg^gate capacity of the rectifiers already supplied, or under 
construction in the Baden works of Brown, Boverl A Co. 
amounts at the present time to over 30,000 kw — From The 
Electrician (London), Jan. 2, 1920. 


THE HUMAN BODY AS A CONDUCTOR OF ELKCTRICITT. 

Bt PbOF. M GlLDKMRtSTKn. 

The rapid strides of the electrical Industry have greatly In- 
creast'd the human comforts in many din»ctlons, unfortunately 
this has been accompanied by libe lose of human life due to 
electrical accidents The protective devices would become 
more effective if ba«ed on a thorough knowledge of the con- 
ductivity of the human body. 

There is a considerable amount of material on this subject 
to be found In the physical, physiological and medicocllnical 
works. However, there has never been an attempt made to 
review the whole mass of these single and very oftmi contra- 
dictory observations and measurements from a common view 
point. This report seems to be the first such attempt based 
not only on the previous experience and observaitlons but also 
on a mass of original experiments. 

The more important contributions on this subject are: the 
book by Boruttau and Mann' and a recent paper in “PflUger’s 
Archiv fUr die gesamte Pbyslologle.” Measurements on liv- 
ing bodies can be performed only with currents of low or 
medium density. Current densities that result fatally can be 
applied only to fresh corpses. Such tests have not been con- 
ducted as yet on large or systematic scale. Therefore, the 
results given here are perhaps not available for practical 
applications without further researches. On the other hand, 
it seems that with an increasing current density there Is ob- 
served a certain uniformity of results which allows of Judicious 
interpolation. 

Further difficulties hindering the obtaining of right values 
of the resistance of the human body lay in the properties of 
the upper layer of the human skin In the variatiom resulting 
from size and distance of the electrodes, kind of currrat used 

^Bomttau and Mann. Handbach d. goa Med. Anirandunsen d. 
BUitrtsitit. fid. 1 fievim, ISOS. 
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and Ifts duradOD, volta^, frequency, otc. When the problem 
was even reduced to Its simpler form of detennialng the 
resistance from hand to hand values were obtained varying in 
the ratio of 1:100. On this account an opinion was advanced 
that the resistance of the body Is very variable and that it 
Is greatly Influenced (by the blood vessels of the skin, the 
nerve system and similar factors In reality these factors 
play an unimportant part. 

The variations In the resistance of the human body will be 
better understood if we discard the assumption that it has 
ohmic resistance only. It is assumed that it has also Induc- 
tance or capacity, or both. The results known so far are ex- 
amined from tills stand point, and this report is subdivide<l as 
follows * 

1. Measurement wltli direct current. 

2. Measurements wltlh alitemaitlng current: A Without 
consideration of the phase displacement (apparent resistance). 
B. Wiith compensation for the phase displacement (actual 
roatstance), 

3 Simultaneous and comparative measurements with both 
dlrcK^t and alternating currents. 

4. Discussion of eh’Ctrostatlc or x>olarizatlon capacity 

6, Theoretical considerations. 

6. Data and constants. 

7. Conclusions. 

Measurements with direct current show that during the 
first few tliousandtihs of a setnmd (with couHtant current and 
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voltage) the resistance is very low, the oscillograms taken 
showing a sharp current peak, on recovering Its high Initial 
value, the resistance then gradually decreases with time and 
after a ceI^ta!n period reaches a permanent value. With a 
pressure of 10 volts this more or less permanent value was 
reached after a period of 116 seconds. The resistance is also 
decreased with increase of voltage, a hysteresis effect being 
noticeable when the voltage Is changed from higher to lower 
values and vice versa. This la clearly shown In Fig. 1. 

With alternating currents there Is observed a phase dis- 
placement with a leading current. The apparent resistance 
of the body decreases with time but not quite as much as 
the case is with direct current. Tests performed by Dr. Rase- 
hom of Siemen’e and Halske show that with Increase of 
voltage the apparent resistance decreases considerably, while 
the higher the frequency the lower Is the apparent resistance. 

However, when the phase displacement la compensated by 
a seld-inductlon according to the method of M. Wien* then 
the true peslsbance Is, as shown toy researches the results of 
which have not been made public as yet, quite constant with 
time, slightly Increases with Increase of voltage and greatly 
decreases with Increase of frequency. 

These phenomena could be explained by the theory of elec- 
trostatic otipaclity, the skin acting as a dletoctrtc. However 
the experimental work seems to dlQ>rave this hypothesis and 
confirm a new theory, namely that of polarisation of the akin. 
According to the physiologists our skin cells are covered with 
seml-transmttting membranes whic h let water through but not 

*4&iMUiea dvr PliVelk, v. 68, p. ST (1806). 


the electrolytes fllUng our body. When such a membrane is 
traversed by a currei^t the dectrolyte adjacent to It Is con- 
centrated forming a concentration crtl the pressure of whl<di 
is opposed to the impressed voltage. The medhanlsm of polari- 
zation Is thus the same as that of reversible metal electrodes. 

The delicate membranes are now disturbed when In contact 
with an electrolyte of unusual degree of concentration, and 
if this condition lasts over i certain length of time the mem- 
bmnes suffer a deterioration and allow the electrolyte to 
filter thiongh. This results in the decrease of the conc^tra- 
tion difference and of the B. M. F. of pcflarinatlon. With the 
breaking of the current the membranes seem to be able to 
recover their original properties. This polarization theory ex- 
plains not only the Variations of the resistance of the body 
wltli the kind of current, voltage and frequency but also its 
variations with time element and the hysteresis effect. 

In view of the above theory the B. M. F. of polarization plays 
but a little part when the Impressed voltages are high, as Is 
nsually the case in electrical accidents. It follows that the 
true resistance is that obtained by high frequency measure- 
ments. In case the skin is dry, there Is an electrostatic ca- 
l>acity In addition to the polarization capacity. Then the body 
may be said to consist of two polarization cells In series, of a 
resistance between them, and of a very small condenser paral- 
lel to the whole circuit. It was also observed that in certain 
rases the polarlmtion capacity of the skin forms, together with 
a self-induction, a system capable of oscillations and gives 
rise to resonance phenomena. These researches have not been 
completed. — Investigation^ made by the Physics Department 
of the Physiological Institute of Berlin. EtektrotechnUche 
Zeitschriftf September 18, 1919, pp. 403-06. 


DAYLIGHT SAVING. 

HiMtork) j^otc — In accepting the Invitation of the Light- 
ing and Illumination CSommltteo to present a paper on “Day- 
light Saving*' the author stipulated that a considerable part 
of the paper would have to be devoted to matters remote 
from electrical engineering, the eoononmlc and sociological 
aspects of daylight saving surpassing In Importance the effect 
upon the use of artificial light 

Benjamin Franklin Is considered to be the father of daylight 
saving. In modem times William Willett was sponsor in 
England for a proposal to advance the clock in summer time 
in order to utilize daylight to better advantage. On May 1, 
1910, Germany as a war measure adopted the plan by ad- 
vancing clocks one hour for the summer period, England, 
France and several other countries took like action within 
the next few months. 

On this continent the experiment of advancing the clock 
had been tried In several locallbleB with varying success. It 
was adopted in Cleveland in the spring of 1914. In Detroit 
which lies just withfin the boundary of the central zone the 
clocks were advanced on May 15, 1915, bringing the city into 
conformity with normal eastern time both in summer and 
winter. 

After conrideratole agitation by the Nalttonal Daylight Saving 
Assodaition, the U. S. Qbamber of Commerce and other bodies 
a bill passed both houses of Oongress and was approved March 
1918, fixing standard time to goveni the movement of common 
carriers ragaged in Interstate commerce and otiier activities 
under Federal Jurisdiction, and providing for the advance- 
ment of such standard time toy one hour during the period 
between the lest Sunday In March and the last Sunday In 
October. The states of New York and Pennsylvania adopted 
parallel legislation to govern state acUvitles. The Federal Act 
remained in force for two years, but that provision which 
called for advanced time during the enimner nvonltos was re- 
pealed in August, 1919. 

In Buropeao oountrles sucb as Ikigland, France and Ger- 
many, the daylight saving will probably be followed 
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during tiid 'OotqAing mnnDer as in the recent past. In Oanada, 
after a trial during 1918, proposed renewal otf ttie daylight 
savlBg bin was defeated in the Dominion Parliament in 1019. 
It Is understood also that tn Aimttalia after a trial daylight 
saving has been atiandioned. 

Since the repeal of the Federal Daylight Saving Act In this 
country the subject baa been agitated locally in several cities. 
For examine, In dndimatl advanced time has been adopted 
to be effective during the entire year, thus conforming to the 
ecthH) of Cleveland and DetroW. In New York, Hartford, 
Pblladelphlla, Pittsburgh and other dtles provision has been 
made for advanced time in municipal aiotlvlties during either 
five or seven summer months. In Chicago after consideration 
it has been dedded to adhere to normal Federal time. After 
a year’s experience In England a Parliamentary Committee 
conducted an investigation of the daylight saving and reported 
In fSvor of Its continuance. In the United States there has 
been no organised Investigation of its operation 

ADVANTAGES ANO DISADVANTAGES. 

Reduced Vte of Electricity and Oat. — A. considerable amount 
of atatllstlcal data were examined. It appears that daylight 
saving reduces the total output of certain central stations and 
of one gas compony by about three per cent during the seven 
summer moatbs. A reduction in output for lighting alone Is 
found to average 8 i>er cent Applying these fragmentary data 
to the country as a whole there Is estimated an annual saving 
by the public of 819,250,000 In expenditure for ortlllclal light 
and a reduction of about 495,000 tons per annum in consump- 
tion of coal. 

Other advantages of daylight saving arc* Outdoor recrea- 
tions and gardening. Gardening hy those however who pro- 
duce a surplus fOr sale has 'been Impeded by the Daylight 
Saving Act. Upon the whole the evldemce appears to be that 
the disadvantages to professional gardeners of daylght saving 
have outweighed the advantages to amateur gardeners It Is 
probable that real Improvement has accrued to certain classes 
of urban and suburban dwellers. 

There seems to be praictlically a consensus that advance- 
ment of the clocks In summer brings bedtimes for 
small Children well into daylight and interferes with 
their sleep. Thus children either sit up later or after retiring 
remain awake longer by the clock than formerly 

As to the city tenement dwedlers it may be stated that from 
all observations the daylight saving brings them only disad- 
vantages during the summer mootha 

Disadvantages are experienced prloclpally by farmers and 
dairymen. The crux of the difficulty Is that much of the 
work In the country must be regulated by the sun United 
States Senator Oapper of Kansas estimates that daylight sav- 
ing occasions wastes aggregating 81i000, 000,000 a year. While 
definite figures are not available it Is probable that economic 
losses probably far outweigh the gaina 

Custom in allocating hours for work, sleep and play has 
been evolved through experience. It Is undesirable to alter it 
by arbitrary legislation. It Is Important to “think nationally.” 
To secure the greatest advantage to the whole people should 
be the aim. The very dbvlouB solution of tlie problem ap- 
peaM to lie in dlveraification of hours of Industry. There are 
certain classes of people in the titles and suburbs who are 
In iKMAtlcn to derive benefit from advanced summer time. 
Without molesting the customs of an entire nation let them 
undertake an educational propaganda in favor of early rising 
and eariy retiring In sununer tUme^ together with advancement 
of the beginning of business hours from say 9 to 8 A. M. It 
will prbbably follow that where the advantages of each altered 
practice seem sufficient, business boun in certain kinds of 
work will be advanced wUh consequent diversification of the 
traction peak, bringing greater comfort to those who moat 
travel In tfas ruah hour. This will avoid local mlsadjustment 
of docks with the attendant ccmfUalon which wlU arise from 
differoace between Federal and local tlme, 7 -Paper presented 


by Proton 8. MiUar at the 8th HKI-wlnter Oonventlon of the 
A. I. B. E., New York, February 18, 1920. {Journal of the 
American InttUute of Eteetrical Engineers, February, 1920, 
p. 140-16a) 


ELBCTRICAL EXPORTS IN 1910. 

Eubctricai. exports for the calendar year 1019 amounted to 
888,089,711, which surpasses In value the exports of any pre- 
vious calendar year. Especially heavy foreign sales were 
made In batteries, generators, insulated wire and cable, mctal- 
fllamcnt lamps and motors, while miscellaneous material In- 
creased almost ten million dollars. 
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This Increase above 1918 of approximately 50 per cent in 
value of exports te not duo entirely to increased volume of 
goods shii^ied; some of It is due to the higher prices which 
have been obtained during the year. 

Because of unfavorable rates of exchange It is expected 
that exports during 1920 will not equal those of 1019. Of 
the four main foreign outlets — Canada, South America, Europe 
and Asia — ^tbe exchange rales of Asia (excepting Rusrian 
territory) and of South America are rather favorable, while 
those of Canada and Europe are unfavorable. Consequently 
it would not be surprising to find that Oanada during 1920 
had to recode from Its present position as the single largest 
outlet for the United States manufacturers. At the same time 
the tendency Is for domestic manufacturers to open branch 
factories in Oanada, and this will lessen the amount of money 
that country will spend for foreign apparatus. 

The accompanying chart shows the growth of our electrical 
exports for the last seien yearn — From Electrical World, 
Feb. 7, 1920, 


ELECTRIFICATION OF TUB DRAMMEN RAILWAY. 

The contract for electrifying the section Christiana- 
Dranmnen has been awarded to a Norwegian amalgamatimv 
concem headed by A/S Per Kure. Work wss commenced last 
summer, and the electric conductors are at site. The foun- 
dations for the masts will be constructed in concrete next 
spring, while the remalndtf of the material, intiudlng the 
masts. Is being niianuflactared in a number of factories In 
Norway and Sweden. The section Ohristienla-Asker Is to be 
finished by the end of 1920, and the remaining part of the 
section by the dose of 1921.— -Tslmislb Ukehtad, Dec. 5, 1919. 
Abstracted by The Technical Review. 
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A NEW OOCURRENOE OF PRO-EUTEOTOID FERRITE. 

Bt Charijcs Y. Olayton, 

Cast-steel runners, while not Initereetinff from a oommeirdAl 
standpoint, fumliAi valuable material for mlcrosooplc study. 
Foley found not only tlie usual ingot structure, but zones of 
Widmaimetflittian structure; which he explains as due to dllfer- 
Mktlal crystallization. The writer, In examining nickel-steel 
runners, found a type of pro^tectold ferrite that Is unusual 
and most probably new. 

The numer In question was 8.75 cm. (8.5 in.) In diameter 
and analyzed at 11 b center 2.69 per cent nickel and 0350 per 
cent carbon and at Its edge 2.62 per cent nickel and 0.359 per 
cent caitxm. The macro-structure, which la the usual type, Is 
shown In cross-section and the longitudinal surface, re- 
spectively. Slight segregation of ferrite can be seen near 
the center of the segment and at other points near the edges of 
polyhedral grains. 

Stead’s reagent brings out tlie dendritic structure within the 
grains. This texture is what would be expected of such a 
steel* Other figures show .the peculiar swirls of pro-eutectoid 
ferrite, the finding of which prompted this paper. These 
swirls, or eddies, if such a term can be applied, occur In all 
parts of the runner and in all parts of the Individual grains. 

A pomlble explanation of these swirls of ferite Is that the 
whirling motion of the molten steel In the runner causes the 
tips of the dendrites and dendrite branches to be rounded at 
different periods of cryatalUzattlon due to resolution. Upon 
these rounded points, low^rbon autenlte would be precipi- 
tated, due -to selective freezing or the differential orystalllza- 
tlon of Foley. Non-ferrous matter would, as a result, have a 
similar arrangemeat due to lits stratigraphic history. Upon 
passage through transformation range, the arrangement of the 
pro-eulectoid element would be dependent on the previous dis- 
tribution of the ferrous and non-fernous elements. Two cast 
ntckel-stoel runners from different healts exhibited this same 
peculiar occurrence of the pro-eutectold element. — ^Abstract of 
paper to be presented at Lake Superior Meeting of American 
Institute of Mining end Metallurgical Engineers, August. 1920 
From Mimnff and Met(Ulurffp, March, 1920 


INDUSTRIAL REPRESENTATION IN THE STANDARD 
OIL COMPANY 
By Olabbnck J. Hioks. 

The labor policy of the Standard Oil Co. (New Jersey) Is 
founded on paying ait least the prevailing scale of wages in 
the community ; on the eight-hour day, with time and one- 
half for overtime ; one day's rest in seven ; sanitary and up-to- 
date working conditions; Just treatment assured each em- 
ployee; payment of accident benefits beyond the amount pre- 
scribed by the State compensation law ; health sui>ervMon by 
a compotefiit medical staff ; payment of sickness benefits after 
one year's iwrvlce; codpemtlon with employee In promoting 
thrift and better social and housing conditions; and assur- 
ance for a generous annuity at the age of 66, guaranteed for 
life after 20 years of service. Most of these features have 
becai a part of the comipany’s policy for many years, but It U 
only during the past two years that the oofiperation of em- 
ployees In determining these matters has been definlt^y as- 
su^ through industrial representation, 

]hkdustxial repreeentatlon, in the Standard Oil Co., Is a 
principle zaither than a procedure. R e p ro a on tatlves of em- 
ployees and representatives of management evolved a slmiAe 


plan, the basis of which is that it gives every individual em- 
ployee representation at Joint conferences on pirobleins and 
fundamental principles affecting all those interested In the 
industry. Experience has definitely shown thait representa- 
tives of the employees are not only alert for the employees’ 
interests but are as keen as the representatives of the man- 
agement in determining atkd insisting upon fairness to the 
employer. 

The plan was brought into operation by an invitation to 
employees to codperate in maintaining the company’s policy. 

The Joint works (or plant) conferences are held at regular 
intervals to consider all questions relating to wages, hours of 
employment, working ocmdltlona, and any other matters of 
mutual interest that have not been satisfactorily settled in 
the Joint division conferences. These Joint division confer- 
ences meet whenever needed to discuss and adjust matters 
within >the smaller confines of a division. Many problems 
never go beyond the Joint division conference, unless the prob- 
lem dev^ops into one that concerns other divisions. In case 
any matters are to come up on which the Joint works confer- 
ence could not agree, they would be referred to the Board of 
Directors for final decision. But as yet not a single case has 
been referred In this manner. — ^Abstract of a paper to be pre- 
sented at Luke Superior Meeting of American Institute of 
Mining and Metallurgical Engineers, August, 1920. From 
Mining and MeiaUurgp, March, 1920. 


OIL POSSIBILITIES IN NORTHERN AIJIBAMA. 

- By Douglas B. Skmmes. 

The possible oil territory of Alabama can be readily divided 
into two peglons, the Paleooic area of the north, and ihe 
Coastal Plain province* of Oretacoous and younger formations 
lying to the south. This latter area has received much atten- 
tion in the last few years and has been described by a number 
of writers. Although the possibilities of the Cretaceous series 
have been much emphasized by recent writers, the fact re- 
mains that the two or, possibly, three localities w'here oil 
or gas have been found in anything like paying quantities are 
confined to the area of Carboniferous rocks. Moreover, almost 
all of the oil seeps and a good perctmtage of the gas seei^s are 
confined to this area. 

Topographically, as well as structurally, the Paleozoic area 
can be divided Into three rather well defined provinces: (1) 
the broad, open Coosa Valley lying adjacent to the crystalline 
uldland, with comparatively little relief, except for occa- 
sional longitudinal ridges and rather intense folding; (2) the 
plateau region of horizontal or gently warped Pennsylvania 
strata broken by occasional antldlnai valleys alined north- 
east and southwest, outHers of the Coosa Valley proper, In 
which the older paleozoic formations are exposed — a region of 
much relief (200 to 800 ft.) and thorough dissection, well 
wooded, and of little agricultural Importance; and (8) the 
Tennessee Valley region of horizontal or gently waoped Penn- 
sylvanian and MisslsMpptan strata, where the relief Is not 
so marked, the wooded area is lees extensive, and the coun- 
try is of more importance agriculturally. 

oil Aim GAS HOBIZONS. 

The possible oil and gas horizons thoughout the section are 
rather nomerous ; many of these hoiisons have, locally, given 
very promlifiDg shows. Owing to the striking lateral varia- 
tions In Utitudogic character, horizons that may at one point 
be promising have little or no posstbilftles at another; this Is 
especially true In the Oaibontferous series. 
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FUTUM pbospschno. 

«irea the writer ooofllderi nuet favomble for future 
teettng is tiie nortbweetem portion of the state, where the 
Trenton Utneetone would be the producing horletm. Eveoi this 
area Is not wlthoat Its disadvantages. The degree of meta- 
okorphism In<>rea8e8 not only near areas of deformatl^m but In 
depth in any locality. Therefoore the degree of metamorphism 
of tlie Ordovldan formations, onoe covered to great depth 
by the Pennsylvanian aeries, may be much greatcer than Is 
Indicated by the Pennsylvanian coals, in which case commer- 
cial ackcumulaticms would be improbable. Moreover, there Is 
a possibility of an unconformity below the SUurlan, Never- 


thelesBi considering the etructure, the Uthc^Oglc character of 
the section, and the evidence of the carbon ratios of the over- 
lying Pennsylvanian coals, the area is undoubtedly worthy 
of farther tests, provided they be well located on carefully de- 
termined etrocture. In addition to this area, the Goal Meas- 
ures, where exposed in Winston, Marion, and Fayette Coun- 
ties, should be well worth testing, especially where drilling Is 
continued to sufflcdent depths to test the Hartsdle and the 
Trenton horizons. — ^Abstract of paper to be presented at I^ake 
Superior Meeting of American Institute of Mining ahd Metal- 
lurgical Engineers, August, 1920. From Mi^ng and MetaU 
hirgy, March, 1920. 


Progress in the Field of Applied Chemistry 

Notes Culled from Current Technical Literature 


PAPER FROM BAGASSE. 

Whilb much has apipeared heretofore upon -fhe r> 06 Sli)il- 
Ity of producing various grades of paper from bagasse, 
as the sugar cane from which the Juice has been 
expressed is termied, these considerations have been based 
on experimental results and dfUscusslim of the (losslblll- 
tles based on these trials. The Tech Bngvneering UevoM in its 
first issuer February, 1920, contains a description of the first 
oommerd^ sized mill which has been put into operation in 
making a special paper from bagasse. The present method of 
operation is of course baaed upon experimental runs made in 
this country before the mill was built in Hawaii. 

The article points out that failure In the past has been 
caused in part by the low yields of pulp obtainable from 
bagasse, and partly because the pulp has heretofore been con- 
verted Into a quality of paper to which it was not well adapted. 
The further point is made that the manufacture of paper in- 
volves two distinct operations— the first being the production 
of pulp principally by chemical methods, and the second the 
mechanical operation of converting this pulp into paper. 
The pulp processes are, roughly speaking, either acid or 
alkaline In their nature, and the article in question gives a 
brief description of these typical processes. Either the soda 
or the sulphate prbeess may be applied to the cooking of 
bagasse, which must first be separated by shredding and 
screening methods into pulp-making fiber and non-fibrous pith 
which is detrimental in paper making. The fiber is suited 
for the preparation of book or writing papers and the pulp 
is expected to find its greatest application in mixtures with 
rag, sulphate or soda fibers. The most suitable composition 
of the liquor in which the bagasse is to be cooked by the sul- 
phate process is stated to consist of 16 per cent caustic soda 
and per cent sodium sulphite. About three parts of 
cooking liquor to one of the bone-dry fiber gives the moat sat- 
isfactory yield. The time of cooking Is five hours at 100 
pounds pressure, or eight hours at 75 pounds pressure. If, 
however, the soda process Is employed, a liquor with twenty- 
five per cent caustic soda Is used for a period of five hours at 
a pressure of 100 pounds. 

The primary product of the mill In question is a peculiar 
sort of iwper made to meet the apedflcatlons of the Eckart 
process, which requires that the paper shall, when asplialted, 
withstand five or six weeks of weather, and at the same time 
be suffldenitily soft and weak to allow the sharp growing 
points of the tegar cane to penetrate It. The apparent suc- 
cess of the Eckart process In the cultivation of cane has been 
the subject of modh dloonasion, aioce experiments on large 
areas have indicated that the cost of growing the cane may be 
reduced from 50 to 70 per cent and the crop increased by ten 
tons per acre, equivalent to one ton of r|iw sugar. This aim- 


I>le method of weed elimination Is of great economic impor- 
tance, since the statement Is made that in one district alone 
one million dollars has been spent annually for cultivation. 

The paper, staked upon the fields over the cane rows, also 
serves to create a condition which causes more rapid and vig- 
orous growth of the cane, as well as the sprouting of all weed 
seeds at a time when they are quickly blanched and withered 
breath the black paper. 

This grade of bagasse paper is prepared by cooking the 
bagasse for twelve hours with lime under sixty pounda pres- 
sure, after which the pulp is allowed to remain in storage for 
a few days, is then run out on the .paper machine and after- 
wards treated with asphalt. The article in question is Illus- 
trated, Including one view of a cane field four weeks after 
the paper has been spread over the cane rows. In this case 
the paper is hdd in place by cane field litter. 


A NEW PLAN FOR RESEARCH CO-OPERATION. 

In the .January 10 issue of Chemical Age there is given an 
outline of a new plan for cooperation in research between one 
of our large technological schools— the Massachusetts Institute 
of Technology — and the industries. The plan is based upon the 
ptlndple of reciprocity in whidtk the point is made that the 
nation's strength lies in Its industries and the Industries In 
turn depend upon the technioal schools for the most Imiwr- 
tant element in their organization, namely trained men. The 
Institute in effect takes the stand that if the constant demand 
for suitably trained men Is to be met and the Institute is 
to furnish its quota, it must have additional funds, and it is 
therefore proper for the industries who are to gain the moat 
from the efforts of these men to supply the necessary re- 
sources. These funds have been secured by means of 153 
contracts, totalling $1,810,875, and this sum Is considered as 
retainer fees in return for which the Institute agrees to per- 
mit the corporations retaining her to consult the members of 
the staff and faculty on problems pertaining immediately to 
the business of the company ; to use to the greatest posslide 
extent the library, the files, and the facilities of the Instilute, 
and to place records of the qualifications, experience and 
special training of the alumni at the disposal of these indus- 
tries In an effort to assist them to strengthen their own or- 
ganization. The Institute also undertakes to'supply Informa- 
tion as to sources of special knowledge in any given subject 
and to give theso industries the first opportunities to secure 
the services of Technology graduates. 

So far as Is known, the plan thus briefly outlined Is Unique. 
Members of the faculty of educational Institutions have fre- 
quently been retained as consultants by commercial interests, 
and manufacturers have always been encouraged to maintain 
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8Cbolanrhips in adduce, preferably without reatrictlona, but 
sometlniea upon apodal phaaea of adence in wtiicti the donor 
baa been Intereated, Another plan, having for its purpose the 
training of men while problems were in the course of solu- 
tion, has been rery successful as devdoped at the Mellon 
Institute. In the latter instance, the work has been conducted 
for the beneAt of the donor of the fellowship, who has had 
exclusive use of the results for a limited time, and the men 
eepedally employed for any given problem have frequently 
gone into the Industry. The Massachusetts Institute of Tech- 
nology before the war put into practice another unique plan 
for the training of men which, under the name of the School of 
Ghemfoal Engineering Practice, devised a plan whereby prop- 
erly qualified students could be sent tn groups for limited 
periods to stations chosen with reference to demonstrating the 
typical unit processes employed tn chemical manufacturing 
operations. 

To have an educational Institution become a general con- 
sultant is an experiment which will be watched with great in- 
terest and the plan may conceivably go far beyond Its original 
scope. The article mentioned ventures the opinion that ulti- 
mately the Institute may become the greatest consnlting body 
in the country, and it would follow that since the great cor- 
porations of the country have retained the school as a consult- 
ant, the great experts of the country would ultimately be mem- 
t>ers of its instructing staff. It is also suggested that Industry 
will ultlmaitely go to Technology instead of having the instruct- 
ing staff and students go to the industry, as la frequently 
done at present. It is not quite clear by what means the 
Institute will be able to attract and hold the country’s great- 
est consultants, and the range of iKisslble problems presented 
by 168 manufacturing establlshiments will undoubtedly require 
a diversity of talent for their solution which has heretofore 
seldom, if ever, been found in a single establishment. 

The Division of Industrial Oobperation and Research is the 
designation of the new department of the Institute responsible 
for the successful execution of the new contracts. 


A NEW FACTOR IN TEXTILES 

Thx Textile Industrial Institute has been established for a 
number of years at Spartanburg, South Carolina, where a 
favorable arrangement with a nearby cotton mill has made 
It possible for students to work their way through school and 
become better fitted to occupy positions of responsibility in the 
cotton Industry. Students have worked in pairs, spending al- 
ternate weeks in the mill and in the class room, putting into 
practice one week what had been learned the preceding. This 
plan kept a constant number in the mill and in the school 

The usefulness of the Institute Is now being greatly extend- 
ed through the erection of a model cotton mill, which Its de- 
signers have tried to make the last word in design, construc- 
tion, and equipment. The i^ant which has cost something 
more than $200,000, has been provided by the cooperative 
contributions of nmre than eighty cotton mills in the Caro- 
linas and Georgia and an equal number of equipment manu- 
facturers. 

In this mill, which will be operated by the more advanced 
students of the Institute, raw cotton can be taken in and car- 
ried through every step to goods mercerized, singed, dyed but 
not printed, and finished for market. For example, there are 
eighteen kinds of looms in this model mill and cotton can be 
treated by any the methods known In spinning, twisting, 
weaving, etc. 

The importance of the plant becomes more evident when it 
Is realized that heretofore the planter who has grown some 
new strain of cotton or for any reason is interested In knowing 
Just what valuable characteristics a small portion of his crop 
has, has been unable to have complete trials made under 
manufacturing conditions. It has been difficult therefore to 
Interest progressive planters In growing comparatively small 
trial crops, and manufacturers have doubtless suffered through 
the lack of Information not to be gained otherwise. At the 


present time the mill Is running on an entirely new kind of 
cotton trem whl<ffi great thinks are expected. 

The school w4il be able to finance the operwtioii of <he mill 
by the sale of their products for which they have an accredited 
list of more than 11,000 customers very widely distributed 
geographically. 


A CENSUS OF BLOOD CORPUSGLES. 

It has now been some time since methods were devised for 
calculating the approximate number of both red and white 
corpuscles in the blood, and the present-day diagnosis of many 
diseases is based uiK>n this census of oorpusdes. Refinements 
which mean greater accuracy depend upon staining the white 
blood corpascles by methods which differentiate them in a 
way which enables the diagnostician to reach his conclusion 
with greater certainty. 

The counting of blood corpuscles depends upon a glass cell 
one-tenth of a millimeter in depth, having one of its tides 
ruled into squares and rectangles. A very small quantity, 
say one cubic millimeter, of blood is drawn Into a pipette 
provided with a mixing chamber in v/hidh a dilution of one to 
ten Is made If white blood corpuscles are to be counted and 
one to a hundred if red ones are to be enumerated. Various di- 
luting fluids and stains are used, and after thorough mixing, 
a drop of the corpuscle suspension Is placed In the chamber, a 
cover glass applied, and the average obtained by counting 
a considerable number of squares and the necessary calcula- 
tions made. 

It will be obvions that errors cannot be avoided in dealing 
with such small quantities where dilution and a nnmber of 
factors are used in reaching the total by multiplication. Ac- 
eumoy in apimratus therefore becomes essential. 

Previous to the war the finest haemacytometers were im- 
ported and soon after the great need for these pieces of appa- 
ratus for the American Army became manifest, the interest of 
Mr. Levy, well-known as Urn producer of accurate screens for 
photographic ragravlnge, was aroused in the posfltfbllity of 
contributing to the winning of the war In this manner. Mr. 
licvy was Interested only in case he could so greatly improve 
the haemacytometer that no one would be tempted to try 
further improvements for a nurnhor of years, and the results 
he obtained would seem to fit those specifications. 

This haemacytometer Is now made exclusively in America, 
and is far more accurate than those formerly lmi>ortcd. For 
example, cementing the engraved or photographic counting 
chamber upon the slide has been eliminated so that accuracy 
in the depth of the cell can be secured for the first time. By 
devising a parallel form of cell in place of the earlier circular 
ones, the effect of atmospheric pressure has been eliminated, 
and this was a source of considerable error In the circular 
chambers. In the new form a more even distribution of the 
oorpusdes over the ruled area can be obtained, and of course 
the parallel form of cell Is much easier to clean. By a clever 
use of glass of different refractive indices, the visibility of the 
ruling has been greatly increased in chambers filled with 
solution. 

No one examining this American standard baemacytometer 
under the microscope can fail to recognize the skill displayed 
in etching these rulings. In one type the central square 
millimeter is divided Into one-four-hundredth square millime- 
ter areas, with an extra line In every fifth square for conven- 
ience in counting red cotpuscles. The ei^ht surrounding sqnare 
millimeters are each divided Into sixteen small squares for 
accuracy and convenience in counting the white corpuscles. 
Notwithstanding the necessity of working within sneh narrow 
limits, the Intersections of these rulings are perfect and the 
manner in which all the lines are cut never falls to provoke 
admiration. 

In detemainlng the limits within which these counting chain- 
bers should be manufactured, a great many of thoee In use 
were examined^ and errors amounting to as tnudi as sixteen 
per cent were fouxid In the depth of the chambers. This is 
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obvloady mo gvoot lu to Cie count In nutny In- 

ntanoOflp nnd it wnt to eliminate thla XKiesible Booroe of error 
tbot the new conotmctioci aA>ore xaesvtloined wao derieed. 
Thanlcs to ooOperatioa on the part of the Bureau of Standarda* 
toterations hare now been eetablished and haemacytometera 
uuiy be obtained with oertificatea indicating the maximum 
errors In the dlmenstona of the ruled epaceg and in the depth 
of the chamber. Eanal attention has been paid to the neces- 
sary cover glasses, so that all in all we may count the Ameri- 
can standard haemacytometer among those results of the war 
which will prove of permanent benefit. 


PROBLEMS IN ALLOYS. 

In considering the iK>8sibility for cooperative research upon 
alloys, the Divisions of Research Extension and of Engineering 
of the National Research Council have obtained suggestions 
from a number of leading metallurgists concerning those prob- 
lems involving fundamental research which might be taken up 
with a certain profit to those both using and producing al- 
loys. Among these problems, the following may be mentioned 
as indicating the scope of the field and the opportunities which 
It presents. 

There la need for further work on corrosion, including the 
action of commercial acids and other solutions used In in- 
dustry, as well as that of the atmosphere, sea water, and 
other substances comnmnly considered in such studios. Ibis 
has a bearing upon such articles as conduits, containers, lead 
for Buphuric acid <!hambers, roofing, and boiler tubing. We 
cannot expect as rapid advance as is desirable In new alloys 
until more is known concerning the physical and chemical 
properties of both pure metals and their alloys. Closely re- 
lated with this is the effect of traces or small percentages of 
elements usually regarded as impurities upon the properties of 
metals. Another phase might be designated as comparative 
metal technology, which would include a careful comparison 
of mechanical properties, as well as of general physical and 
chemical characteristics. The desirability of a study of deoxi- 
dizers and fluxes to be used in the preparation of non-ferrous 
metals is obvious, and there has long been needed a satisfac- 
tory test for machinability Other needed tests are those 
which can be applied without destroying the article to be 
tested, as for example, the magnetic tests for the locaftion of 
imperfections w'hlch are now being studied by a Oommittee of 
the DivleLon of Engineering. 

In tempering work with steel we need a comparative study 
of water quenching and oil quenching. What is the influence 
of forging methods on the fibre of metals, for we often find 
material of the cdrrect oomi)osltlon which falls after having 
been subjected to forging? The relative effects and the life 
of different bearing metals should be determined, as well as 
the effect of indusions in causing decarbonized streaks in lam- 
inated structures. 

Throughout metallurgical operations a closer study of tem- 
peratures might prove advantageous, especially In the case 
of pouring. This brings up the question of molding sands and 
core sands, which still need to be studied in a comprehensive 
way- There Is a vast amount of work to be done in completing 
the pubished data on standard alloys, in which should be 
tabulated their uses, composition, tolerance in composition, 
physical properties, their variance with differences in compo- 
sition and with impurities. There should be a similar listing 
and testing of the non-standard alloys for the purpose of de- 
termining whether they may not be made standards themselves 
or acceptable substitutes for present standards, as prices 
dmnge. 

The subject of heat treatment naturally comes to the fore- 
front and it would be desirable to develop an Iron as non- 
cortosive as the preset high silicon ir<ms but with a more 
satisfactory degree of madiinabUity. The ccwnposltlon of dies 
with reference to the service they must give In die-oasting 
with present and new alloys should be undertaken. The malle- 
able iron fl^d presents Its own peculiar * group of problemSK 


auKHig which may be mentioned the develc^Mnent of a test 
which woufld truly indicate the malleable and ahock-resistlng 
qualities of malleable cast irem. 

Perhaps the most pressing need is the thoroufifh, Indexing, 
abstracting, and classification of all published information on 
pore metals and alloys. This work would bring out the state 
of the art, from which would be brought to light groups of 
new problems, experiments upon which further work is re- 
quired, and lines along which new effort could be directed 
for the purpose of checking oonfllctlng evidence and Repeating 
any necessary experiments. The information obtained would 
form an excellent basis for monographs on many classes of 
metals, such os the preparation of alloy steels at ordinary 
temperatures with various heat treatments, and at tempera- 
tures exceeding those found under normal atmospheric con- 
ditions. 

This is but an incomplete list of the problems that have 
been suggested and from the entire list a few will be chosen 
for immediate work as e program upon which to solicit the 
support of the industries to be benefited. As in all research 
work, the solution of a problem at once suggests a number 
of others which would not have come into view excepting 
through the work accomplished. 


HOME-MADE SYRUP FROM SUGAR BEETS. 

Growing out of the efforts that have boon nmde to utilize 
home-grown sugar beets as a source of culinary and table syrup, 
has come research to determAne tlie substances which oauee the 
undesirable flavor noted by soitne authors, in tlie hope that 
ways could be found to eliminate them. In the February num- 
ber of the Journal of IndUBtrial and Engineering Chemistry, 
Messrs. Ort and Withrow report their findings in an investi- 
gation, the object of which was to remove the undesirable 
flavor without injuring the sugar. Obviously the separation 
of the sugar as such would 'be out of the question, either in the 
kitchen or on tlie farm, and so was not considered 

In the article mention Is made of the opinion held by many 
beet sugar men that the simple coaoentmtlon of bec^t Juice is 
sure to produce a syrup of objectionable flavor and odor, and 
that notwithstanding the work carried on intermittently during 
the laj»t fifty years, none of the prHxx'sses proiKWid has been 
of any value in improving these slnaple syrups. The directions 
given by the U. S. Department of Agriculture for the prepara- 
tion of home-made syrups from beets do not result in very 
satisfactory materials according to the reports of many farm- 
ers, and in those cases the improper topping of the beets was 
descmbcHl os the cause of the dlfllculty. 

The authors describe their experimental work uiwn beets 
grown In Ohio In which a great many attempts were made 
to eliminate or destroy the undesirable flavor These Include 
ckiriJkfttlon with milk, previous desiccation to ecmgulate the 
albumen, treatment with lime, i>eeling, cx>reing and treatment 
with such materials as fuller's earth, tannic acid, bleaching 
powder, and bone black. Variations of the temperature of 
extraction were aleo tried and in the end It was found that the 
best results could be obtained from beets from which the 
green shoulders, representing the portions which had pro- 
truded above the ground, had been removed by peeling. While 
this point was not definitely settled, It was found that syrup 
made from these green portions possessed the undesirable flavor 
to a very great degree and was quite dark in color, whereas a 
good syrup with but a trace of beet flavor and sometimes with 
no such flavor, could be obtained from beets prepared In the 
manner described. 

The conclusions whl<Sh will interest those who may be con- 
sidering growing some sugar beets for their own use the 
coming season are summed up as follows: *The various 
published processes for maklhg palatable sugar beet syrup 
do not oonslatently fulfill all claims made for them. 

**The use of copper kettles Is undesirable since It gives a 
metallic taste to the syrup. Blnamel and aluminum ware are 
satisfactory. 
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"The process of sktonnlnff will not in Itself elhnlnsto the ol>- 
jectioDsble beet flSTor. 

"The peoullsT flavor can be ptactil'cally etlnlnated from sugar 
beet syrup by a proper attentton to topping, paiing off green 
portions, and brief preliminary extraction. The ratlre ab- 
sence of green portions is necessary to good flavor. 

"llie objectionable beet flavor may be due partly to Ifl^ma- 
turlty. PreUmilnary storage of beets wtU Improve the flavor.” 

Tbc (Aiemical compounds |Wblch are responsMe for the ob- 
jectionable flavor have not been definitely Identified. 


PROCESS FOR SEPARATING LEAD SULPHIDE FROM 
MIXED ORES. 

Thx Bulletin of the Canadian Mining Institute states that 
the Elmore process for the extraction and eeparaton of lead 
sulphide from such mixed ores as occur in the Burma mines 
is based upon the following: 

"When a mixtures of lead and zinc sulphides Is treated^ 
with concentrated sulphuric add at 100* C. under proper con- 
ditions as regards fineness, proportion, time of contact, etc., 
the lead au^lde is converted Into sulphate, while the zinc 
sulphide remains inactlcaUy unaffected. If the product Is then 
washed In hot strong brine, the lead sulphate Is dissolved and 
can then be separated from the undlssolved zinc sulphide by 
flltraitloin, etc. By ooolllng the hot brine, the lead snlffbate Is 
precipitated except for the amount that the cool brine will 
keep in solution, and the brine can then be reheated and used 
again. The details of course vary for different ores and there 
are other methods for handling sulphur dioxide, sulphonated 
hydrogen, or free sulphur liberated during the treatment.” 


LEAD PENCILS. 

Tub announcement that the western Juniper has been found 
satisfactory as a source of slats for lead pencils recalls some 
of the work that has been done in an effort to find ways of 
producing red wood for pencil needs. Tbe famous Tennessee 
cedar has long been the source of our pencil wood, but that 
is practically exhausted. Americans eKqjedally have come to 
prefer pencils the wood of which has a reddish color, and at 
one time a moderatoalzed plant was successfully conducted 
with profllt in the business of Impregnating white cedar with 
dyes to produce a red shade. The pencil slats were put into 
a vacuum apparatus where the moisture was gradually with- 
drawn from them. While still under a vacuum a solution of 
dye was admitted and a condition from vacuum to pressure 
gradually brought about. At the conclusion of this treat- 
ment the wood was withdrawn, the excess dye liquor removed, 
and the material dried. In this manner the whim of the 
customer was gratified. 

It seems that the Juniper is also a reddish wood and that 
fot several yean tbe southern Juniper has been used to piece 
out the Tennessee cedar. Even fence rails and posts have been 
called Into service In meeting this need. 

It appears that the wood of the Juniper is reddlkh-brown In 
color and thalt In a majority Off trees a bolt of wood six to 
eight feet in length, can be secured free of lilmbs. The tree 
has no tap root and frequently the largest trees can be pulled 
over by a .team of homes. 


SULPHUR VS. PYRITBL 

Fob many years SpanMi pyrlte has been the preferred 
source of sulphur In the manufacture of sulphuric add, due 
to the value of the by-.product8^ and to the low mte of trans- 
portation which applied In bringing It to our country. Ohanged 
condiaons sloes the war appear to be bringliig about the sub- 
stitution of sulphur tch the pyrite for such purposes. There 
Is a saving in the labor which must be expended in the mining, 
transportatloo, and handling of the jqrrlte and with Increased 


wages^ this has benome a fionheaUtag faeter. Tnms-Aglahtlc 
tronappitatlon is also nnich mere expensive ttnn fonnetljr. 
Hw su^dr m i ning opersCloim In Texes end LonWeim hats 
reached the' polnt vriten pore sulphur can be adld in comped- 
tion with pyrite and now that new dfspoatta have beeq opened 
np and the LooMana mtnea appear to be producing wbthoat 
signs of exhansdoii, the sulphur companies are preparing to 
compete for the custom wbldi heretqfoate has gone to lower 
grade materiaL These tofopanies nmdb large inveetments in 
order to supply the sulphur necessary tor add dsoMuid tor war 
activities, and their declslcHi to seek markets heretotore held 
by pyrite may be due to a desira to eqm a eetnm on In- 
vested captoal. 

THE SOUTHERN FOREST OOffOBSISS. 

A nuuBBB of conferences are bdng hdd coiAposed of fw^ 
esters and the varions lumber and timber Interest^ to dis- 
cuss our timber sltdatloD and the possibility of formulating 
a national forest pdlcy which wUl ensure suitable snpifltos 
of thnher In years to come. Tbe Southern Forest Oonpess 
was held, beginning January 28fh, In New. Orieana and they 
brought out the necessity of not wly disco nsing t^ie sitnatlbo 
that all may be Informed, but of actually doing something. 
Tbe Importance of reforestratlon, et^edally of those cpt-over 
lands not suitable for agricifiturol purposes, wan outhned 
with refer«acb to agriculture, to naval stores, to tbe, p]alp and 
paper lodustry, to sUxh raising; and to the mtsoeOaneono 
transportation and public Interests of thd oommunltr* ^e 
diversity of uses which chemistry makes ot cdlulose, one of 
the cheapest forms of which Is wood, has been the subject 
of frequent dlscusaions, so that the chemist Is Interested In 
the continuation of this comparatively Inexpensive raw ma- 
terial. We have been taught for so long that oar forest re- 
sources are inmdiaustlble, that many And k bard to believe 
that under presmit methods praciloally aU of tbe merchant- 
able timber will have been cut out of the sooth within fifteen 
or twenty years. In a few Instances retorestratton, either by 
tbe stif-perpetuation of the forest or by setting out trees, 
hsa been undertaken, and at least one corpoiatl<Mi Is convlnoed 
that proper grazing methods wUl enable tbe cost of refores- 
tratlon to be met by tbe sale of cattlb. Four acres of cat- 
over pine land wlU maintain a steer for nine months and heavy 
grazing Is essential for the removal of sage grass whldi is 
detrimental to the young forest In the olden days In the west 
it was estimated that from sixteen to twenty-five acres were 
required per bead of catrie, so It seems evident that the stock 
can be fed In the open areas or on dry feed for the remain- 
ing three montos of the year and still leave a handsome ikVflt 

A tract of cut-over land which is being employed for the 
producttim of a second forest is expected to be worth |400,000 
sixty years from now and to produce a sum snfllclent to meet 
taxes, over bead, and seven per emit interest upon tbe invest- 
ment meanwhile. This Income wlU be derived from live stodc 
operations and the sale of various dasees of sticks, posM, and 
poles removed In the course of the necessary thinning. 

It seems that only two advances have been niade In the 
' tuipmkine Industry in the last 900 years. One of these was 
the ad<vtlon of the gutter and cup method for the helping of 
the trees, and the other the substitution of copper for Iron 
stills In tbe plants. Some valuable work has beeh done In 
Florida on problems In tbe turpentln^ Industry, but there Is 
obviously a great ofiportanity for cooperative research. 

The Forest Congress adopted resolutions condemning waste- 
ful practices, the atHxoval of the plan to establtsh two forestry 
experiment stations in the South, and the setting up of non- 
poUtlcal state forestry d^tartments In different states, with 
adequate opproprlatfoos to carry out a sustained program ot 
useful work. Tbe necessity of devising spacUl tax laws for 
lands to be devoted to reforestratlon was recognised, as well 
as a more careful study of methods of taxing timber lands, 
based npmi the yields of timber, and the separation of land 
values from timber values. 
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STANDARDS OF QAS SERVICE 

Fob eome years the Bureau has acUvely^ cooperated 
with the Industries In various sections of the coun- 
try. During the war, this assistance frequently took the 
form of extensive surveys of conditions listing in various 
cities and townie with a' view to regulating the gas Industry 
ao as to bxitig about the necessary alterations In service Im- 
posed! by war conditions with the least hardship to the gas 
comiKaniSs and the public. 

In 1915,, the Bureau Issued Its circular No 32 — “Standards 
for Qas Service'^ which may be said to have been the recog- 
nisied authbrlty in this country on the subject since that 
date. However, in the four years that have intervened since 
the c&eeular was Issued, fundamental changes hi^ve taken place 
In the gas industry. The use of gas for cooking and in in- 
dustrial appliances has greatly increased, while Its use in 
oipen flame burners, for purposes of illumination, has much di- 
minished, Likewise developments have taken place In gas- 
making processes and changes have come cd)out in the quality 
of gas-making materials available, and the general alteration 
of economic conditions brought about in part through the war 
have Introduced hew factors w’hlch ought to be considered In 
any publication treating on the subject 

To meet these new conditions, the Bureau has entirely re- 
written a considerable portion of this circular and the work 
would have been pushed to a conclusion some time ago had not 
certain of the war activities prevented Its active prosecution. 
The new edition, which will soon toe completed, will contain 
sections on the heating value of gas, its freedom from impuri- 
ties, allowable gas pressure variations, gas meters and meter 
testing, general service requirements, enforcement of regu- 
lations regarding service, a form for service rules for use 
by regulating authorities, a discussion of present methods 
of manufacturing and dlstrltoutlng gas, as well as certain 
data which It is toelleved will be useful to those iH^rsons in- 
terested in gas-making and using. 

The revised manuscript of this circular has been completed 
and will be brought up for consideration and discussion In the 
near future at a meeting of the Represonattivo Committee 
of Qas Eogineera This committee has been formed from the 
leading gas engineers of the country and on It the Bureau 
of Standards is represented. In this way, those particularly 
interested in the manufacturing side of the proposition, as 
well as those best able to judge of the scientific side of the 
probhpn as a whole, will be able to go over the material con- 
tained In the article. After the suggestions and comments 
of the members of the committee have been given considera- 
tion, the circular will be completed and printed for distri- 
bution. 


CONFERENCE ON INDUSTRIAL SAFETY CODES HELD 
AT THE BUREAU OF STANDARDS ON DEO. 8, 1919, 
The liQpaTtaAce of atandardlzatloa in safety work has been 
given a great deal of consideration of late, and In this work 
the Bureau has taken a leading part. It would appear un- 
deniable that uniform regulation of industrial plants, from 
the point of view of safety, should be undertaken at once. 

On Decembeit 8, 1919, a conference on Industrial Safety 
Codes was held at the Bureau of Standards and methods were 
discussed for developing a aeries of National Industrial Safety 
Oode«, andifor their Introduction into use. It Is the Bureatx*s 
desire to secure general coBperation in .the preparation of 
these standards by those wh^ irjll be most cencemed with their 


application. Work of this sort to be effective must be pa/r- 
cldijated In by all the interested parties, and the efforts of 
a)ll concerned must be properly cofirdinated in order to In- 
sure that the set of codes drawn up will toe applied uniformly 
iu the different sections of the country. 

An important result of the conference was the arrangement 
for a Joint Safety Code Committee on which the Bureau will 
be represented to recommend a list of codes which should 
have first attention, as well as the most suitable organisa- 
tions for carrying out their compilation. The general swti- 
ment, as recorded by a vote at the conference, is in favor of 
having the Bureau, in cooperation with the engineering so- 
cieties end other bodies prei>are standards In accordance with 
the methods of procedure of the American Engineering Stan- 
dards Committee, and submit the resulting codes for the ap- 
proval of that committee, in order to secure their general 
acceptance and use. 

The Bureau Is at present engaged in revising the National 
Electrical Safety Code, which was published In 1916, and It 
IS hoped to Issue a new edition within a few months. During 
December a draft of the code for Head and Eye ProiecUon was 
Issued end circulated among those Interested, for criticism. 
The work on this code is practically completed and it is hoped 
to print the first edition in the near future. The work of pre- 
paring the National Elevator Safety Code, in codperation with 
the American Society of Mechanical Engineers, Is nearly 
completed and a final draft was prepared before the end of 
last year. It Is now awaiting the approval of the committee 
which has had It in charge, the General Advisory Committee 
on Safety Codes. 


STRAIN GAGE TESTS OP INDETERMINATE STEEL 
STRUCTURES. 

In previous notes, the system of taking strain gage measure- 
ments of reinforced concrete and tile structures was described, 
A similar method has been used in calculating the stresses in 
statically indeterminate steel structures. A prominent exam- 
ple of work of this kind n^cently undertaken by the Bureau is 
furnished in the elaborate strain gage Investigation of the 
large flttlng-out crane at the Philadelphia Navy Yard, the 
tests of which were completed last December. This crane has 
a capacity of 350 gross tons and is probably the largest In 
the world. Strain gage readings were taken on all the Im- 
portant members and the work was carried through to a suc- 
cessful completion despite adverse weather conditions. A sim- 
ilar Investigation was made nearly two years ago on a re- 
volving floating crane at Norfolk. The accurate determination 
of the stresses In such structures is a matter of greatest Impor- 
tonoe from ttoe point of view of the designer and will permit 
the construction of such cranes with every assurance of their 
succees in service. 


VELOCITY OF FI>A.ME PROPAGATION IN THE CYLINDER 
OF A GASOLINE ENGINE. 

Fob many years automotive engineers have discussed the 
probable velocity of the flame In the compressed and burning 
pis in the cylinder of an internal combustion ^ine. Many 
have maintained that this velocity was oompanatlvely low 
and that in a high speed engine, in or^er to obtain nuixlmum 
efficiency and power, at least two spark plugs must be used* 
It has been maintained by these engineers that by IgniUng the 
mixture at two points in the cylinder, the xkeceasary time 
for complete combustion would be greatly reduced as com- 
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pared wMib that needed when but one apark plug Is osecL 
However, until very recently, no measurement* have been made 
In an 4ctu8l engine and the detemination of this velocity has 
always been oanstdered to present extreme difllculties. ^ 

For several mcmths, the Bureau 6f Staii^ardis has been in- 
vestigating this subject. A single cylinder gasoline engine, 
the oombustiion ^mce, valves, plstcm, etc., of which are Iden- 
tical with those used on the Liberty aircraft engine, has been 
employed in this work. Three spark plugs are placed In the 
cylinder; the first i« used to ignite the charge and is con- 
nected to the regular Ignition system of the englue, the other 
two plugs are connected at approximately the proper time 
to a source of direct current, the voltage of which Is insufil- 
dent to break down the gap between the sparking points of 
the plugs while under comparison, but which is suffident to 


Mabob, 10«> 

cause a apark to pass as soon as lonlaatioa of the gap ooenrs 
due to oombustioa of the surrounding tuix^re. These ^pai^ 
plugs are so connected with an osoUlograph tbatr tbe^ time 
when the flame readies'^iem is recorded <»i a strip of pho* 
tographic flint The distance between the plugs Irjs^^i^tely 
known and the apeed of the osdllograph film is also easily 
determAned. It is obvious, therefore, that by measuring the 
distance between the points the fllm indicating discharge 
of curreirt' across the gaps, the average speed of the flame 
between ptrints may be measuied. 

DetennliMtlona have been made of the vModty of 0ame ptop- 
agatlon under many cmditlone of fadl*t04dr ndxtnre raHo, 
oomprendon, speed, etc. The velocity appears to vary gnkOy 
under dUferent amditlons and to Increase as the flame spnftds 
tbipugh the combustion apace. 


THE PARACHUTE'S WORST ENEMY. 

Bt E. R. Calthbop. 

Tax standard patterns of all Its smaller nillltary aeroplanes 
— the single and two-seater — adopted by the British Air Service, 
carry behind them a tall-skld that amounts to a gaff or fish- 
hook perfectly adapted for the express purpose of catching 
and tearing the top of a silk parachute body when, issuing In 
a flash from its container, it instantly takes on the speed of 
the air current and is swept under the fuselage to far beyond 
the tail in less than a second. True that In. the great majority 
of cases the apex of the parachute body whips past the tail- 
skid with a stlfllclent margin of space to give ample clearance ; 
but, in the churning cone of compressed air, shot rearwards 
by the propeller, and outraclng the speed of the air cprrent 
itself, there are whirlpools of boiling air which can play strange 
freaks with a material so gossamery and non-resistant as sUk. 
A vertical air-whirl can suck up the top of the silk body right 
into the tajl-akld, even when the alrpHane la flying on a level. 

If at the instant of the parachutist’s Jump the tall of the 
aeroplane Is accidentally lowered, Instead of being elevated, as 
sbould always be the case for a demonstration drop, there is 
grave risk of the tail-skid dipping right down into the path 
to be traversed by the body, and ripping such a long slit in the 
sUk panels as to Increase the rate of the fall of the parachutist 
to a speed that is dangerous. The resistance of' the palrachute 
Is obtained by the continuous gathering up and compression of 
air within the body, and Its subsequent centrifugal frictional 
dispersion from the edge of the perlptaety. Once a rent Is 
started in the body, the contained compressed air forces itself 
through It, widening it out, and the tearing of the silk Is con- 
tinued until stopped by the reinforced edges of the panel If 
this reinforcement to also cut by the tail-skid the tear will ex- 
tend to yet another panel, which will further increaee the 
speed of the dropping parachute; the Increased speed will 
augment the pressure of the enclosed air tearing, through the 
rent, and as the hole widens the leverage to greater/Cor fur- 
ther destruction. If more reinforcemento ate burst only a 
mlraicle can prevent a fatal accident. Sudi « mixtufle has hap- 
pened, but we cannot depend upon a oontllsaax^ pt miracles. 

An aeroplane man-dropping parachute has to be designed 
to be of the least possible v^^lght cdmpatible with absolute re- 
liability In Its functioning, tAd an area of fpread solBdent to 
cover the weight of the heaviest user, and to give. In addition, 
a safe n^argin for those abnormal happenings In the air— such 
as down dnnts and the furllnJr of the perl^ery— of which 
we are oifly at the beginning of learning some of the secrets. 
The epicyclddal section of the body, as now designed, has had 
the combined Cbjeots of (g) using the smallest amount of silk 
' reducing cost and welghl>— to attain t6e desLted reAatance 
and carrying power, and (b) of equalising the stiewiej on tbj» 
silk so that every square foot of the body area la oarrytng 
an equal load. The silk has to be suffidently strong to meet 
normal and abnormal stresses, and the seams of thg panels in 


the body have to be so designed that they set as leinfonce' 
ments In the tranaferaace of the resistance from the body to 
the rigging and thence to the load — ^tbe parachnttot. It to In 
the delicate balancing of all these strengths and resistances 
ttiat saving of weight has gradually been gained without loss 
of strength, to of speed and eflldeney in fonctioning, of nearly 
ten pounds. The eafety of the parachute and of the parachnt- 
tot depends upon the delivery intact and the sure ftdl expuMlrai 
above him of this filmy silk dome. Is it reasonable that work 
of this dellcaoy should run the risk of bdng ploughed through 
by the shear of a tall-skld? 'When a parachute body to gashed 
in this manner. It to not due to a failure of the parachute to 
function. It to purely extraneous happening, quite outside of 
tho action of the parachute^ wbiich can easfly be avoided. 

There is no necessity whatever for a tail-skid to take the 
shape of a gaff, or that there ehonld'be any projections at the 
tall of an airplane that could rip s sHk body. There are many 
airplanes a!lready In existence In whl<fli the tail-akld presents 
a smooth unbroken outline continuous with the under profile 
of the fuselage, against whkfli the sflk body could be thrown 
up by an air eddy without the least risk of a tear occurring. In 
the same way tbqre are many machines now existing with tall 
planm,not set at right angles to the eottre line of the fus^age, 
as is the ease with so many drltUh machines, but slopltog to the 
rear at an acute angle, so that If the leading edge is strack by 
the top of a paradipte body it could not lap over the aerof<fll 
and run the risk of a breakage, but would, be barmle^y de- 
flected out of the way. WJith all obstructing prajeetlmm behind 
the cockpit smoothed away, a paracl\|attot, would always get 
safely away. ^ 

It to for the Technical Department of the Air Minlst^ to 
p(flnt the way. Tliey have full contr<A of the designs and sped- 
flcatlons of all military maOblnea. and what they Mder has to ‘ 
be carried out . If they lay down the law that bdilnd thtf’eock- 
ptts there CbaU be no projeetlona or rugoaitiee tihat can pos- 
sibly In any circumstances arrest or tear a para^nte on Its 
release from Its container, flte, breakages, and lees of control 
in the air will be met without trepidation, for the pilot will 
know that in the last resort there will be no dlflleulty oln get- 
ting away frdm hU machine safely. — ^Prom Aerona«fiP$, 


MOISTURE CONTENT OP WOOD 
Bvbn *aft<f Song exposure to the sa^e atmospheric c<mdi- 
Uoxra fflfferent idecee of wooQ do hot have extctly the same 
mototur# content. Variations of 2 per cent were reotatly 
found In red oak'inocks stored under carefully fixed humidity 
oondltloas at the Pomt t^rodnets Laboratocy. 

These moisture differences, ttn£lke vsrlaUrais la strength, sre 
ajmafently independent of the density of the ideces. In the 
labmatory expeilihents, the vatrlatj^ proved to be as great 
In blocks of the same densfity as if 'was thcougbsut the lot 
<ff spedmeps. Moreover, tiie range In molstare content was 
the saiae In wood of low density as In wood uteditap 
density or high deadly.' . 
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THE MYSTERY OP MAYONNAISE 

Thkke is no operation of the cuisine that causes the young 
housewife more apprehension than that of making mayon- 
naise. She may follow cook book instructiorns with utmost 
fidelity, and yet fall She may do the work under tlio very 
eyes of an expert with no better results There seems to be 
something uncanny about it. It calls for a mysterious some- 
thing that cannot be acquired from printed directions or 
even personal instructions , and yet those who have the knack 
of making mayonnaise can produce It repeatedly without fail- 
ure. They seem absolutely unconctTnt'd and even cureless in 
the way in which they mix the Ingredients. We know of 
certain skilled chefs who do the stirring with the hand in- 
stead of a fork 

A light is thrown on the mystery of the opeiation by Pro- 
fessor Bancroft's article on “Bubbles, Drops and Grains," 
which appears on another page. The chemist recognizes may- 
onnaise as merely an emulsion of oil in water — a structure of 
microscopic drops of olive oil, coated with a thin film of white 
of egg and suspended in water 

The problem of making emulsions successfully has given 
trouble not only to the housewife, but to the pharmacist as 
well. Recently, however, nuinufactunng chemists have de- 
vised machines for producing emulsions At first it was 
thought that it was merely necessary to agitate a mixture of 
oil and water in the presence of some colloidal agent in order 
to produce an emulsion. But when shaking muchinos were 
devised for this purpose they fulled to produce emulsions. 
Then it was discovered that the shaking must not be contin- 
uous. It is necessary to give the mix a short period of rest, 
after which a little further shaking forms a successful emul- 
sion. This throws a light on the mayonnaise problem The 
usual directions are to add the oil drop by drop which usu- 
ally results in fr^uent Interruptions of the stirring, which Is 
just what is needed in order to produce a successful emulsion. 
There are some experts, however, who will mix all the Ingre- 
dients together and beat them up, after which they will let the 
material stand for awhile and then with a few strokes of the 
fork turn It into a successful mayonnaise. The mystery 
then of making mayonnaise is apparently psychological. The 
novice approaches the task with fear and trembling and does 
the work nervously, whereas the expert Is much more leisure- 
ly and unconsciously puts in the necessary periods of rest 

While Dr. Bancroft does not claim to have tried out this 
theory himself, he offers it as a probable solution of the 
mystery. The problem which confronts the housewife ts 
certainly similar to if not the same as that which has con- 
fronted the pharmacists and the manufacturing chemist If 
this indeed be the solution of the mayonnaise mystery It fur- 
nishes us with another example of the far-reaching influences 
of scientific research. ^ 


PROJECTILES^ FROM THE MOON 

Popular interest in Dr. Goddard's rcKrket for reaching high 
altitudes were excited by the claim that this projectile could 
actually be made to travel to the moon and there flash a 
signal which would show that it had completed Its Journey. 
There Is something romantic in the thought of crossing the 
Intervening hundreds of thousands of miles to the faithful 
satellite that Is our only close companion In the infinite 
leaches of space. To be sure there would be little if any 
astronomical value in such an accomplishment It would serve 
merely as a demonstration of tlie power of man to overcome 
seemingly Insurmountable handicaps But interesting as the 
feat would be from this point of view, would we be doing 
anything more than the moon has been doing for millions 
of years. 

According to Emile Chief Englnw^r of Manufactures 

under the French Government, wlioso article appears on the 
following page, the meteorites which bombard the earth are 
projectiles shot from the moon The formation of the 
moon's surface with its enormous yawning craters has given 
rise to many theories, but M. B^lot clings to the theory that 
they are of volcanic origin. He is an authority on the sub- 
ject, having made a careful study of terrestrial volcanoes and 
the conditions whl-di prcKluc^c them. To demonstrate his 
theories he has constructed a working model of a volcanic re- 
gion with wlilch he is actually abb* to produi'e volcanic erup- 
tions on a miniature scale. Ills model also throws light upon 
the peculiar crater formations of the moon which differ from 
those cm the earth mainly in degree. He theorizes on the vast 
lunar eruption and the enormous amount of material they 
must have ejected Owing to the lower gravity of the moon 
and its absence of any atmosphere, this material was hurled 
far out into space and might easily have escaped from the 
moon's attraction It is those particles or volcanic projectiles, 
according to M, B4lot, which the earth encounters In Its swing 
around the sun, and which fall to our surface as meteorites. 
These are not to be confused vrtth the “shooting stars" and 
the meteoilc siiowers which follow the orbits of comets and 
undonl)tedly are of comet origin. He shows that meteor- 
ites are not of terrestrial origin and might have come either 
from our own moon or from the satellites of other planets. If 
we could identify them they would tell a wonderful story 
Imagine the interest in a collection of actual samples of the 
substance of the satellites ranging from our own moon to 
distant Triton, the satellite that swings around the remote 
planet Neptune! 

While we may some day be able to send samples of our 
handicraft to neighboring satellites. It Is possible that these 
satellites have long been sending us samples of themselves. 
After all our I.solatlon In space may not be quite so real as 
we had ImngincHl It 
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The Ballistics of Volcanoes’ 

Volcanic Action in the Earth, the Moon, the Univerae, and the Laboratory 
By £niile Belot, Chief Engineer of Manufactures under the French Ck>Temnient 


T his time a year ago the big Berthas were circling the 
Sorbonne with their shells, striking now at the temples 
of Heaven and now at those of Science, Today, their 
proud heads are diminished and I mention them but to serve 
as an Introduction to the vast subject of volcanic action, whose 
extent Is far from being generally known or even suspected; 
there Is a victory of mind over matter In the very fact that 
thi« colossal engine of sdentldc barbarism oau thus be made to 
assist In the perfecting of our knowledge in the peaceful 
domain of Science, 

What then is the naturt^ of a “Miper-gnn**? It is a gi- 
gantic tube directed towards the sky just as are the volcanic 
chimneys of volcanoes. At the base of the tube, Inside the 
bore of the cannon, the deflagration of the i)owder imparts to 
the gases and vapors a pressure of several thousand atmos- 
pheres; In the same way at the base of volcanic chimneys the 
Internal heat of £he earth 
imparts to various fluids a 
formidable expulsive power. 

At the Instant when the gun 
is fired there Issues from 
its mouth extending to a 
short distance a banner of 
umoke and flame, while the 
shell is shot to a great dis- 
tance because of its great 
density end of Us carefully 
designed form. Likewise 
when a volcano explodes 
there is seen a column ot 
smoke and Are from which 
there are projected volcanic 
bombs and fragments of 
rock. The colmun of fumes 
which rose from the crater 
of Krakatoa was projected 
to a height of 27 km , hut as 
a general thing the explosive 
smoke plumes of volcanoes 
are not more than 8 or 10 
km. high. Thus we see that 
if there is a resemblance 
between the form of the 
Buper-gun and the volcano 
there Is even more similarity 
not to say Identity of action 
between them. 

I^t us now examine a pecularity with respect to the firing 
of the Berthas, which was luifortunately of oul> loo much 
service to our enemies, and which it is necessary to bear 
in mind in order to comprehtnid the wide extent of the volcanic 
domain. At a height of about 80 km. the shells of the 
big Berthas reached an atmospheric region where the pressure 
of 700 mm. which the mercury exhibits at the surface of the 
earth, la reduced to 1 mm. at the outside — this Is as much as 
to say that the reslstanc*' of the ulr has practically ceased 
to exist, and the shell has no furl her trouble, fairly devouring 
space and len^henlng its trajectory. Witliout this favorable 
circumstance our enemies would have found it difficult to 
reach Paris from a distance of 120 km. 

The question of the possible range of volcanic tM>ml>g Is 
governed by the same principle, and we shall first discuss the 

*An oddreu delivered March 80, 1919, at the florbonne, under the 
e-ueploee of the Society of FMoade of the Unlverelty Trauelated for 

the goieiifiAo American Monthly from the Rome Bcientiflqua ( Parts) . 


problem of the ext^nal ballstics of volcanic products, and shall 
speak later of the Internal ballistics, which are far more 
complicated, because they are the result of manifold actions 
within the bosom of the crust of the earth. 

THE EXTEENAL BAIXISTICB OF VOLCANOES. 

Let US first inquire what becomes of the volcanic matters 
projected outside the volcano. The first thing they do is to 
erect the external volcanic cone, but all those volcanic matters 
which fall within the crater are projected anew, together with 
the walls of the crater, which thus forms a cup shaped 4^nlDg. 
Upon our earth the craters of volcanoes are only a few hun- 
dred meters In depth, while upon the moon they are soonetlmes 
ns much as 4 or 6 km. deep; upon the earth only three 
carters (Kamschatka, Japan. Philippine Islands) exist which 
are as much as 20 km. In diameter, while In general the 

diameter is less than 6 km, ; 
the lake of lava upon Mt. 
Kilaue, Hawaii, is only 
3,200 meters wide. Upon 
the moon, on the contrary, 
many craters are as much 
as 100 km. wide (Theophi- 
lus) and sometimes 160 km. 
(Petavus), We must first 
explain the reason for this 
great difference of dimen- 
sions upon the eartdi and 
upon the moon. 

The great American as- 
tronomer, Pickering,* says 
upon this subject: 

“Although the force of 
gravity upon the onoon is 
capable of projecting the 
matter expelled to a dis- 
tance six times as great as 
upon the earth, the theory 
of the production of craters 
by steam is practically aban- 
doned — for It is now evi- 
dent that this explanation 
Is inadequate to explain the 
great difference of dimen- 
sions in craters observed.*’ 
But Pickering is mistaken. 
Being an astronomer he has 
}>orue In mind only the aatronomical factOTf gravity, which Is 
in fact only one sixth as great upon the moon aS upon the 
earth ; but he has completely forgotten the phyeical factor, i.e., 
the prenaure of the atmoaphere, which is very groat at the 
surface of the earth and nil upon the nH>on, since the latter 
has no atmosphere. 

Let us try to set this difference In figures: A volcanic 
bomb projected upon the earth to a distance of 3 km. would 
attain upon the moon a distance six times as great, l.e., 18 
km. because of the slight force of gravity upon the moon. 
Such bombs would be capable of erecting upon the moon the 
crest of a crater 86 km. in diameter, but not, however, a crater 
100 to 160 km. In width. But upon the earth the range of a 
volcanic projectile is reduced to only 1/3 or 1/4 of Its theoreti- 
cal range In a vacuum; It Is necessary, therefore, upon the 
moon to multiply by 3 or 4 the result given above because 

^l4ckerlng* lAxoar and Hawaiian Physical Peatares Comiiared 
(1906), 





Jkinm 1920 


SCIENTIFIC AMERICAN MONTHLY 


208 



the lunar projectiles are launched In a vacuum 3 x 8(1 108 

km., 4 X 36 = 144 km. Thus we see that the theory Is ade^ 
Quate to explain the matter when It is completed by the laws 
of physics, contrary to the opinion of Pickering. 

Before we continue our examination of the volcanoes of 
the moon we must study an analogous problem upon the earth, 
namely: Is It possible for bombs shot from terrestrial vol- 
canoes to escape Into interplanetao space? The science of 
astronomy has demonstrated that because of tim attraction 
of Uie earth, the rate of travel of these bombs ought to at- 
tain a speed of 11 km. at the extreme limit of our atmos- 
phere, l.e, at a height of about 160 km, but the sHenw of 
phyedcs teaches us that because of the small mass and the 
Irregular surface of those projectiles they ought to lea\c tlie 
surface with a speed of at least 30 km.* In order that the 
rate of speed remaining at a height of 100 km shall he as 
much as 11 km But measurements of proJe<‘tions occuring nt 
Cotopaxi have given the rate as 2 5 km per second , hence it 
appears to ho quite certain that no terrestrial volcano has 
ever succeetled in projecting boinhs with u velocity of 80 km" 

But what is quite Impossible for the volcanoes upon our 
earth Is possibly far more easy upon the moon and upon the 
volcanoes of satellites In general, for tlie reason Hint they haNe 
no atmosphere and tliat the force of gravitation urnm them 
is very slight And this brings us to a possible origin of meteo- 
rites and bollds, may they not be projectiles shot from the 
volcanoes of the moon or from all the Aolctiiioes of all the 
satellite's of the \ariaiis stellar systems? 

BOLIDM \AD MfclKORITKtt < OllWinMtKn AH HOMUS I noM J UK 
VOIA ANDES OF SATliXT.ITES 

Meteorles and bolids mrast not be (onfounded with the 
“shooting stars** of the penedoc swarms which are formed In 
the wake of the orbits of comets, as Schiaparelli has shown 
It Is the meteors exhibiting no periodicity, such as sporadic 
shooting stars, bollds and metorites, w^hose origin may be at- 
tributed to the volcanoes of satellites 

fTbo formUilAS es^oyod by tlu^ naval artllloiv give <siippo«lng It 
to be permlwlble to extend the extrapolation lo th«.e ratea of npeed) 
a iS»eed which Is Inversely proportional (and that mneh nearer to 11 
km.) to the diameter of the projoctlle We assume here that the 
volcanic bomba have a maximum dtemeter of one meter, a maximum 
which la, however quite esceptional. 

*Whil« It fa powIMe that the primitive volcanoes were more pow- 
erfiU than those of the present time, on the other hand they were 
snmounM by an atmosphere which waa much more deime and, 
therefore, offered much greater resistance to jthelr projectiles. 


Whut then are the characteristic proi)orties of meteorites? 
We know from the profound study of them made by Stanislas 
Mennier. that they are actual geological specimens of the 
earths of the Heavens and that thep have never been fused,* 
This Is one reason more for afflrtiung the ballistic imiwaslbil- 
Ity of the supi)ositJon that these stones could have come from 
terrestrial volcanoes But there la still a third reason which 
excludes such an origin : All terrestrial rocks which like me- 
teorites aie verj’ dense and which contain a high percentage 
of iron are strongly radlo-acllvo, whereas inoUKjrites are not so 
at all But alf radio-active bodies have a very high atomic 
weight, licnce It is natural to supjjoso that they are con- 
centrated near the center of our system and that they are 
absent In the regions which are remote from the sun, In 
which regions furthermore those planets are found which 
arc by far the lightest In weigh!. Thus the large satellites 
of these planets, which possesn a nuiss and dimensions which 
approximate those of the moon, prolmbly have, like the lat- 
ter. volcanoes wdilch are capable of launching projectiles Into 
space — but which projectiles arc not radio-active 

At this point we may be confronted by a serious objec- 
tion, namely How Is It that the stones whieh occur In the 
Heavens can proceofl from volcanoes If It h(‘ true that they 
have never Ikhui in a molten <x)nditlon? To answer this it 
is nocessarv to extend the idea of the nature of volcanoes; 
Kvon upon the earth at the present time 1ht*re exist chimneys 
or “ne<ks“ such as tin' diamond bearing chimneys of the 
rats*, whoivin the riivSli of gas and vaporM which escapes from 
them 1& filleil with non fused substances Another manifesta- 
tion of what may he calk'd niertdy hvdrological volcanic ac- 
tion Is found In geysers, which may he Imitated furthermore 
in oui laboratory experiments Why then should it he con- 
sidered astonishing that upon satellites where the internal 
heat has alvvn.v** betm much less than upon the earth, the vapor 
and the gnsi's have not been able to attain a temperature of 
more than 5(X)® to 600® C , W’herens the fusion of rm^ks nsiuires 
froan 10(X>® to 1200*’C? Furthermore, u]>on thm' satellites 
as upon the moon, heenuso of the low gravity which prevails 
the same internal pressure which operates In terrestrial vol- 
canoes would suffice to project a column of non-fused rocks 
to six times as great a height — thus It is evident that the 
volcanoes of satellites are capable of producing the matter 
found In meteorites, both ns to quality and as to quantity. 

♦It Ir only upon tlio nurfaoi* tlmt they are haated by the friction 
of our atmospbore so tliet tbev become coated with a black patina. 
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If it he add<Hl that the number at volcanoes upon the moon 
Ifl esttnmtiHi nt 00,000, that (^ch one of these has certainly 
undergone Hoveml erupt ions, and Anally, that there are a 
great many more satellitt's than there arc planets, It can be 
readily undersUMKl why there is such an enormous number 
of volcanic bombs plowing their wny through interplanetary 
space. 

us now consider tlie aHiH*ct of the lunar volcanoes. 
These are better known to us In some resi)ect8 than those 
of the Earth, Hince we pokhim^s photographs of them taken from 
aeroplanes (remarkable dlR(‘o\ cries have recently been made 
by photographing volcanoes in Hawaii by means of kites). 

the Moon Tycho is remarkable for its rectilinear, radial 
streaks, sometimes as much as 2,000 km in length. These 
(‘unnot Ih' due to winds currying along onders and ashes, since 
(here Is no atmosphere; furthermore, the winds of the earth 
never have a rwtillneur (rn|ectory of such great length 
These Kln*uks are due, us we shall s(h\ (r) direct pro lection 
of fragments of matter 

Other volcanoes. Including Kepler and Cof>ernlcus also ex- 
hibit some of these streaks or trails but these are mainly 
unite visible stn'nms of mutter: A great many volcanoes 
exhibit several circular belts and central peaks from 2 to 
5 km in height, while tile lx>ttom of the craters Is from 4 
to 5 km, below the crest. 

liCt us suppose thut at Paris, taken as a center, there 
Hhould rlH(> from the s|Mif where tlie Elflfel tower now stands, 
one of the t>^ftks of Kanev, and that a crest composed of 
.luxtuiKwed Mount Blancs foriiHHl a circular belt, passing 
through. Chartres, Vernon, Beauvais, Compl^gne, Chateau- 
Thlerry, and Fontaliiebleiiu . this would give us an Idea of 
the formidable volcanic wtructupcs which have be<‘n erected 
upon the moon, becaust* the phjHlciil forces thereon are so 
much superior to tlu' forct^ of gravity, and It would be ab- 
solutely non-scIeiUlflc to Mip|K>se that what has been proves! 
possllile uiwn the Moon does not ovr\ir ut>on the other large 
satelliti's of our system which have a similar mass or density 

TIIFCO.SMK IIVI I \SI I( N Ot VOUVNOtS 

It remains to be deiiHUistinted tliat (he ballisllcs of volcanoes 
have been capable of proKsilng these missiles, not only to 
a distance of 2,0(K) km u|H>n the moon, ns in the streaks 
of Ty(‘ho, but evi^n into interplanetary uml Interstidlar spaces 
It Is this wdilch 1 have succecsietl in doing as reported in 



MATON VaiiCANO IN THD BHILIPPINB ISLANDS, 8,290 
VfmV H10.H 


various notes to the Academ.v of Scleuci'^ and to the Aslronoini- 
ml Soclet> of Fraiitv I shall, therefore, merely state the 
i*esults of these calculations UiK>ii the Moon a volcanic bomb 
proimed with an Initial si>eed of 500 m. per second, i. e, the 
same as that of the shells thrown from our 75 mm. guns. In 

^VompM Hc9i4luA of tho Kroueb AcaUetny, Aip»il J5 and Augunt 7th, 
1910 


u direction forming an angle of 15 degrees wiih the vertical 
would ascend to a height of 70 km. and woukl fall at a dle»- 
tanc-e of 75 km. fSuch projections would be capable, therefore, 
of erecting craters having a diameter of 150 km. If the 
initial speed is ln«*reased to 2 kitw, l.e„ to a speed slightly less 
than Hmt already observed In the projections from Mount 



XXX>KINO DOWN INTO THE CEATBR OF VESUVIUS 


C(dopa\l, tlic range would he lotXl km ; In other w<»rds a dis- 
tance equal to that from Pans to Lisbon and approximately 
as long a'H the stieaks of T>cho 

I.et u^ now’ consider a phenonienom of even greater grandeur 
whose actual ocnirnmcc tht* scieiuv of astronomy hears wlt- 
iu»ss to. and wdiK’h dejvends sohdy upon the value of the 
pniduct of the radliiv. of the moon iw Its density, le, by the 
weight at Its surface As soon as the late of spt^ed of pro- 
tect ion o1 volcanic homlis attains 22.50 m these projectiles 
escap<* from the attraction of the Moon and become either sa- 
tellites of the P^irth or planets nwolvlng around Ihe Sun and 
in the same direction, whether the bombs become satellites or 
)»luuets deiwmds upon the direction of the trajectory with re- 
spei-t to the lunar orbit "I hose miniature planets of a new 
kind ni.i.v even go far enough to Intersect the orbit of Venus 
and that of Mars Thus, the earth as w'ell as Venus and 
Mats nui> recon^e in (he form of Ivollrts a rain of such 
bombs which esi’uiHsl long, long ago from lunar volcanoes 
But it has l>een demonstrated by calculation that none of 
t'h**se bombs has eitJiei an orbit in the retrograde dirw’tlon 
oi a hv)>eiboUc it\U^ of sjk* si but investigations conduetM in 
America b.v Pn^fesstu II A. Newton and in England by the 
rommlltee on Shooting Stars have established the fact that 
Mi\ out <»f eveiy luindred imdeora have a retrograde orbit, and 
that the rate of si>eiMl at which a shooting star strikes the 
earth quite frequently excise 72 km per second and is some- 
tlnK« even as much as 190 kin. per second; In this case we are 
fortalnly concerned with the hyperbolic orbit, I e., with a 
maws of matter which travellmg along a curve which diverges 
InlliiltPly, <oinea from a very great distance — or more prob- 
ably even, from interstellar space Into the solar system. 

What is the origin then of meteors of this character? To 
answer this we have only to accept It as true that like the 
moon the great satellitles of the other planets and especially 
of those w'hich are very remote, also have their own volcanoes 
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which are flooding npa^ce with their projectiles, I have made 
the caleulatltin for Triton, a satellite of Neptune, and for 
Titania, a satellite of Uranua, and have proved tliat their 
volcanic projectiles are launched into apace along orbits which 
may be either retrograde or hyperbolic as the case may be. 

Thus we see that merely through the play of volcanic 
physical forces, It Is possible for some of the solid matter 
of our system to escape from the attraction of the Sun and 
wander off to pay a visit to the neighboring stars And by the 



no, 1. MANNER IN WHICH A LUNAR CRATER IS FORMED 


B, original lorol Ix^foro oruptiou Water <le8coDdliig Into the 
crater erode? the entile tiihkiintw of matctlal B B' which the 
volcano hurU out ibulldlng the -frest C B" B' B" Is the upper 
laoUiermal suiface and O' A' O' an Isothermic surface of 864 de- 
grees The raifldnlg of this surface has formed small v^>Icano^^B along 
the edge of the crater (V, active, L, a crater lake) 'Hio hot center, 
6.8 km. deep, furnishes enough pre^wurc to hurl rocks lo a height of 
TO km. and over an area 150 to *J()0 km in dflnmeter 

Ml mo kind of incchaiilsin the latter may also be able to send us 
geological messages i^ubstantlallv conflnnlng what tin*- siiectro- 
scope hus already taught us, namely, the unity of the cosn.Ic 
composltl*»n of the stellar unlxerso 

It is clear that thew? rcseaiches are of the highest interest 
from the point of view of natural philosophy, since Ihey 
result In giving us the novel ideas of an cTChange of solid 
matter between stellar systems and of vacuous space powdered 
with dense volcanic dust, which may come from the very con- 
fines of the Milky Way, 

But it Is time to descend from these lofty heights once 
more to the earth — for if we now understand pretty well 
the external effects of volcanic action we still Imve to ex- 
amine (he nature of Its nifcinul inoc*hanIsin, whi<Ii is less 
easy to comprehend. 

iHAKAfTEUrsTlCS OK TfcBKKSTKlAL \OLCANOES AND TTfKOUliS OK 
VOLCANIC ACTIONS 

Let US flrst seek to "understand the nature of volcanic 
action uiK>n the Earth, u capital fa<‘t nwealed h> the statis- 
tics of Morcalll Is of prime iini>ortani‘e in this domain, namely, 
that out of 415 active or quiescent volcanoes there are 244 
situated upon Islands and 100 along the edges of the continent, 
while only 11 are found either in the wnter of Asia or of the 
iiahara deseii: remote from the octHins of the present time 

But in Central Asia there exist basins in the interior which 
do not cf^ramunicate wdth the ot^eun and the Sahara has been 
frequently invaded by the sea. Another peculiarity which I 
l>eneve I, myself, may claim to have been the tirst to point 
out Is that volcanic action is strongly concimtrated between 
the tropics, there being three v<)lcanoes per unit of surface In 
the iutertropical area of the earth, for one in all other regions 
from the poles to the tropics. Tills peculiarity bears a close 
relation to the ociuatorial precipitation of the last three zones 
of satellites of the earth, whose existence I have demonstrated, 
and which has given rise to the formation of chains of moun- 
tains by zones more or less close to the equator in our hemis- 
phere. This fact must also be conslde^ as being related to 
the remarkable concentration of solar S^ts between the lati- 
tudes + 30 degrees. 


Tile l<M*allzatlou of almost the entire number of volcanoes 
upon Islands and along coasts at once suggests the marine 
oripin 0 / rolcawto antto^n. There an* se\oml theories such 
as those of Stanislas Meunler and of Ariniind (lautler 
which may oontaiii a portion of the truth, but which entirely 
fall to explain this localization. The experiments made by 
Oauller are \ery suggestive: He has showm that granite "por- 
phyry, etc, pulverized and dried at about 100®C, liberate, 
when raised to a n*d heat, from 1 to 1 5 per cent of water 
vapor, togetfior with certain gases (hydrogen, sulphuretted hy- 
drogen, etc ), whieli are precisely those which Issue from vol- 
canoes It ih obvious, therefore, that It Is only necessary for 
the internal heat of the earth to ascend into certain strata 
situated in the crust of the enrtli, in order to provoke vol- 
canic phenomena But how is it poslhle for the internal 
heat to approach the surface? Various ob lections have been 
proffered to the theory that the ocean is the origin of volcanic 
action 

ProfesM>r Brown of Oeiieva believes himself to have proved 
that volcanic action is anhydrous, but two objections have 
been raised against his theory : In the first place the manner 
In which he collect(*d si)ecimenR of gases In active craters has 
bt'en criticised, and secondly, his exporinnmts fall to be con- 
vincing. He subjected pumice stones and clear {leridots con- 
taining ferrous silicates to the action of steam at tempera- 
tures of from 750" O. to 13(X)"0 The ferrous silicates were 
alten^ii in color to the black or red tint characteristic of ferric 
salts, thus indicating the oxidation of volcanic rocks under 
the action of water vapor at a higli temperature But it Is a 
known fact, however, that, inversely, metallic oxides heated 
In a current of hydrogen may give up their oxygen and be 
reduced to a less highly oxidized condition It is possible, 
therefore, tliat a <'urrent of hydrogen, mingled with the water 
vapoi employed In Professor Brun*s experiments, may have 
prevented by means of an Inverse reaction the production of 
feme oxide, and it Is a well known fact that volcanoes 
glv(* off hydrogi*n botli In a fret* state and combined with sul- 
phur and with carl>on 

But even supposing for the sake of the argument tliat there 
were no trace of winter vapor In the gases issuing from 
the volcanic chimney — this fact would In no way prove that 
water in the state of vai>or is not the original motive power 
producing volcanic action As a matter of fact, by virtue of 
the oxidation reaction established by Professor Brun, the 



CoprrUht by 

ONE OF THE MANY ACTIVE VOI^OANOES IN 


watei ivduced to the slate of \apor in tin* interior of the 
earth’s crust nilglit oxidize during Its outward passage 
the basic rocks with wdilch It came in contact, thus allowing 
hydrogen under pressure and at a high temperature to act 
upon the molten lav a. Upon Us issuance from the crater this 
hydrogen at a high teraix^mture would combine with the oxy- 
gen of the air to produce the water vapor which is so abund- 
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antly found in the clouds aooompanylng volcanic explosions; 
the rooks projected outside would not have time to be appre- 
ciably oxidised during the few seconds required by their pas- 
sage. 

Thus chemical objections to the marine theory of volcanic 
action are of but little value. Let us see whether physical ob- 



liSOTHKHMAiTi WTOTACfSA BENEATH THE CONTINENTS 

NIM' normal isotherm (804*C.) : PI =; liothermal surface In 
which the temperature la 600*0. The flowing of the water Into the 
Assure FN iowere the Isothermal surface (S04*C) at the point N' , 
the escape of the gases lifts the Isothermal surface underneath the 
continent from M' to M''. mio other temperatures fall and rise under 
the same condltlona P descends to P', I ascenda to The iso- 
thermal surface of 1100*C. Is that of the fusion of the deep lying 
rorks which the water vapor Issuing from tho central boiler carries 
with It to the outside by way of the crater OB era le\el . M 
crater 

Jectlons are worth more. It has l>een pointed out that num- 
l^ers of voleanooB in the mountain chain of the Andes are situ* 
ated at a distance of 200 kun. from tho sea, and that It Is impos- 
sible to believe that there can be so long a subterranean inlet 
from tho ocean. To this we may answer that the geologists 
are not at all afraid of assuiming such a long inlet when 
they are trying to explain the existence of artesian wells 
Thus, the artesian wells in the neighborhood of Paris are 
supposed to be fed by the water which filters through the 
green Apllen sands from the high valley of the river Alsnc. 
Why, then, Is it considered Impossible that volcanic action 
may be protluced by water from the ocean? 

But, our objectors add, since tho water of the ocean Is of un- 
limitwl extent, if this tlu'ory be true wdien an eruption once 
began It w'ould never stop. The geologists, who proffer this 
objection, simply forget that water in a state of vapor at a 
•high temperature Is a very energetic chemical agent, oxidis- 
ing the rocks It comes in contact with, and that, moreover, 
ocean w^ater contains 3.05 i>er cent of various haloid salts. 
The oxides formed and the salts remaining after the evapora- 
tion or decomposition of the water would be deposited in the 
subterranean aqueducts and would finally choke the mouths of 
these so that the volcanic action would be arrested, at least 
for a time. 

But it may be asked how volcanic action, which has been 
progressively arrested after a convulsion, can be made to 
start up again? This is simiply because the subterranean 
channels into which the salts were deposited at temperatures 
below 600®C, being no longer cooled by the deposit of the 
sea water would again rise in temperature up to 700 or 800*0.> 
the temperature at which the mineral salts found In the sea 
are fused and volatilized. A fact which proves that things 
happen like this is that an eruption generally begins with dry 
fumeroies at a high temi>erature which contain chlorides 
chiefly, 


I^astly, a final objection very widely foond in books upon 
geology Is to the foUowlng effect: If the water from the 
bottom of the ocean descends Into the crust of the earth ttirough 
fractures in the latter and la tSiere reduced to ateam» then 
the pressure of the latter ought to drive back the water 
through the passages whence it came. This objection proves 
that one may; be a very good geologist and yet be Ignorant 
of the physical laws governing water and botlere— here we 
have an example of the danger resulting from too narrowly 
dividing the sciences into separate compartments. But every 
engineer well understands that In any industrial boiler the 
path followed by the water when going to be vaporized la not 
the same as that followed by the steam when the latter is 
leaving the surfaces where it has been vaportsed. Why 
then should water vapor In the terrestrial boiler be expected 
to follow a different law from that which controls it In the 
industrial boiler? And the said law Is very simple, namely: 
toater follow the path imposed upon it hy the Ioacs of grofoity 
whereas paper follows the isothermal surfaces^ i.e., those sur- 
faces where the temperature is sufficient to maintain it in 
the state of vapor. 

NEW MABINE THEORY OF VOLCANIC ACTION. 

The law stated above leads us directly to a very simple ex- 
planation of volcanic action and to the experiments which 
have enabled us to produce such action experimentally. 

Let us first try to find out, therefore, what becomes of the 
ocean water which penetrates the crust of the earth through a 
fracture in the latter in tho neighborhood of a steep coast line. 
At the bottom of the sea, whl<fli is at least 2,000 m, deep 
and which communicates freely with the polar region, the 
temperature is very close to zero (Centigrade) , The same 
thing; Is true at the top of a mountain near the coast which 
rises to a height of 8,000 m. To find within the ground a 
temperature of 100®C we must descend 3,000 m inside the 
mountain as well as underneath the bottom of the ocean; in 
a word the lines or surfaces of equal temperature, i e, the 
isothermal lines or surfaces, will be very much inclined to- 





riG. 8. THK liXPEBIMENTAJ., BASIN DBVl&BD BY M 
BlKUXr. SEXrnoNAL VIAOSIAM 


AD, tank of sheet metal; B, water, O, sand, F, slate, V, 
voloano, B, gas flame regulated by the stoiHcock R. The beat of the 
flame E causes the water contained wlthini the sand to come to the 
hotting point only where It is In contact with the bottom D The 
steam eeoaipes nndertieatb the miniature continent forming a crater, 
while the water B rsnsalne cold. 

wards the sea and the steeper the coast the greater the 
degree of this InGlination. But because of the enormous 
pressure (200 atmospheres) which prevails at the bottom of 
the sea, the water which penetrates the fracture (Fig. 2) will 
not be turned into vapor at 100*0. and does not arrive at 
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this state until it reaches the isotherm of 865*0. at about 
18 km. below the bottom of the ocean ; In otixec words 806*0. 
ISf as a matter of fact, the critical temperature of the toafer, 
so called beoauee of the fact that at that pdfvt water exi$ts in 
the date of vapor no matter what the pressure may he. The 
Isothermal surface of 365*0. will be like all the others pn<y 
tlcally parallel to the external solid surface, i. e , it will as- 
cend towards the continent. Since the vapor is obliged to 
follow the isothermal surface It will, therefore, ascend along 
this surface towards the continent in place of trying to drive 
back the water in the fissure. The strata of the earth being 
cooled by the passage of the sea water, the isothermal surface 
will run downwards from N' towards beneath the ocean 
and thxouidi the calorific action of the vapors will ascend with- 
in the contlnmit to which will Increase still more the elope 
of the isotherms. All of the Isothermal surfaces already in- 
clined will follow this see-saw motion which is favorable to 
the exit of gases and vapors from the continental surfaces. 
Thus we see that volcanto action will begin by an eruption of 
gases and vapors, contrary to the views of T. See and of 
Contejean, who are of the opinion that the marine theory 
indicates the immediate issuance of lavas under the supposi* 
tlon that the latter must be under pressure beneath the con- 
tinent through the vapors produced In the bottom of the seas. 

But it may be asked how the marine theory can explain 
the arrival of lavas at the surface when the temperature of 
fusion of rocks (cc. 1,000*0.) is in general not attained 
except at a depth of about 30 km. and when at the level the 
weight of the salt water In the ocean and In the fissures Is 
certainly not more than one-third as great as a column of 
lava of the same height and especially since such a column of 
lava sometimes rises as much as 8 km. above the level of 
the sea. We answer that this occurs through the same para- 
doxical process which, in industry, causes a column of hot 
water to rise to a height of 10 m. when subjected to a pres- 
sure of 1 m. of water only, or of 0.1 atmosphere; In the 
same ^^&y we have In the ascending column an emulston com- 
posed of vapor and hot water, whose average density is much 
less than that of the water. If we assume that In Its sub- 
terranean trajectory the vapor finds molten lava at the point 
and a passage of exit In the vicinity of the apex of 
the continent M, then the two fluids, the vapor and the lava, 
will mingle at this i>oint, the vapor having, l>ecause of the 
enormous pressure, a density close to the critical density 
033, and the lava having a density of 2.7. 

If the emulsion formed contains a volume of vapor four 
times as great as that of the lava, this Is all that is nec- 
essary to cause the lattt^r to make its appearance under a 
strong pressure at the point M, having ascended 3 km. above 
the sea level. This novel marine theory can be verified by 
experiment, at any rate within certain limits. In a labora- 
tory I have succeeded In reproducing all phenomena of 
volcanic action by endeavoring to produce In a shallow basin 
L. 60 m hy 000 ra an Inclined isothermal surface 1), heated 
beneath by a heater E (Fig. 2). For this purpose the basin 
A Is filled with a argllaceous sand 0 representing a continent 
near the coast where the bottom is elevated, while the water 
B represents the sea. The sand Is entirely permeable by 
the water, and If the theory accepted by so many geologists 
were true, we should expect to see the sand lifted by the vapor 
above the heater E— but this does not occur. The vapor 
follows the sloping ascent D and does not escape until it reaches 
the top of the slope, first forming fumeroles and causing at 
V projections of solid matter which forms a crater. If we 
Interpose in the midst of the sand a horlsontal stratum of red 
iron oxide, the latter In spite of Its density will ascend 
within the volcanic chimney and be projected upon the minia- 
ture continent In the form of red volcanic bombs. 

By these experiments we have produced the paradoxical phe- 
nomenon of a “volcanic V" at 100*0., while the “sea“ above 
the heater is entirely cold. In order to reproduce the case 
which 60 frequently occurs In nature of impermeable strata, 


alternating with permeable strata we may place a slab of 
slatte F a little above the bottom. In this manner we were 
able to obtain new effects, nam^y, multiple volcanoes, op* 
erating simultaneously and a race or bore. When the piece 
of slate touches the bottom D of the coast of the oonUnent, 
we can also produce submarine volcanoes whose crest will 
gradually rise In a circular form above the level of the min- 
iature sea. 

A general view of the miniature basin whi<di 1 have made 
use of to represent experimental volcanic action, shows In 
the center a crater-lake produced by the preceedlng experi- 
ments, an eruption just beginning (at fhe right), and an rup- 
tlon which is beginning to form its crater and is heaping up 
upon its external slopes a concretion of ejected matter (to the 
left) ; finally in front of the latter crater there Is an extinct 
crater showing the orifice of Its volcanic chimney 

The experiments described and the theory whi<^ suggested 
them lead us to the general conclusion that there Is a suh- 



TUB BXTOniMEXTAIj VOLCANO IN FULL OPEIRATION 


In the oenter toward the front appears the crater lake formed by a 
preoedlng ejopertment , to the right Is shown a volcano in which the 
eruption 1« Oeglmdiig . to the left at the rear it nhown a volcano 
which baa alreodiy ifoniMl its crater and covered its slopes with 
bomba, to the kift In front is shown an oruptlon which Is almost 
finished, tbo crater and the orifice of the volcanic chimney being 
visible 

Icrranean connection between the volcanoes and the ocean, and 
that the vapors of the waters are directed towards the sub- 
structure of the continents by the Inclination of the Isothermal 
surfaces. 

The general law governing volcanic action may, therefore, 
be formulated as follows: Volcamo action in rtlation to the 
water of the ocean is proportional to the steepness of the 
conHnevtal slopes and to iheir degree of convexity with respect 
to the ocean This law can at once be verified by the islands 
In tlie open sens, since these are nearly always volcanic in 
character because of the fact that the Isothermal surfaces 
here form a cone which concentrates the vapors at its apex. 


INTERNAL FRICTION IN THE ATMOSPHERE 
A BECENT German journal iTh Ht^elberg, Annalea der 
Hydrographic und Maritimm Moteorologie, Part V.-VI., 
1919), contains a disc*usslon of the Influence of Intemol fric- 
tion on the relation of tlie surface wind to the pressure gra- 
dient. Much of the paper follows the lines of G. I, Taylor*! 
paper of 1915 It Is shown that certain pilot-balloon obser- 
vations at l.<indenberg agree with the theory that turbulence 
la Independent of the height The results make the eddy 
viscosity 4.2 x 10* emVsec Attempts are made to deal with 
pressure gradients and eddy viscosities varying with the 
height; but these are vitiated, the first by an incorrect Inte- 
gration of the equations of motion, and the second by the 
use of a wrong form of these equations themselves. 



Charting the Mind 

Modern Apparatiie Employed in Psycho-PhyBics 

By T. A. Marchmay 


aX eutertalnliiK st(»n Is toUl of n small gtrl who, after 
b«>lng miuk in a brown study for several minutoH, sud- 
-^denly exoluimed, "Why nobody kno^\fl what*B inside of 
me. except what I tell them myself I" The anecdote is not only 
illustralUe of the dawn of self -consciousness of the Individual 
mind, but suggests likewise the dawn of self-consciousness in 
the raci>. At some i>oint In nian*B upward progress he became 
conscious at on(c of his indwelling spirit and of the Isolation 
of that spirit. 

More and more through the hmg ascent of centuries man has 
been occupied with the problems of the nature and origin of 
Ills own spirit and with its relationship, not only to the body 
that houses it but to the spirits of other men, whether dead 
or living But whether among 6n\ag€^8, among the school- 
men of the middle agv'S, or among the metaphysicians of the 
ITth, ISth, and even the early 19th centuries, the spirit has 
always been considered as something esoteric, a thing fettered 
by the body and subject to temptation from Urn latter and yet 
smriethlng Intrinsically apart. 

It is not our intention here to enter upon any debate as 
to tlie true nature of the spirit of man Whatever Its nature, 
whnte\er its origin, whatever Its destln 3 \ Dt is, while an occu- 
pant of its earthly tabernacle, subject to approach only through 
the gateways of the senses. It Is the comprehension of this 
fact which has fundamentally altered the methods employed 
in psychological study of recent years In short, psychology 
has at last taken Its rightful place among Its sister sciences 
—those sciences whow* insignia are the balance and the meas- 
uring rod. In the words of an eminent modem psychologist, 
I>i John B. Watson, of Johns Hopkins University "The key 
which will unlock the door of any other scientific structure 
will unlock the door of psychology The differences among 
the various sciences now are only those necessitated by the 
dI\iHlou of labor Until psychology rirognizes this and dis- 
cards everything which cannot be stated in the universal 
terms of science, slio d<M^ not deserve her place in tlie sun " 

It Is the i>urpi)he of those pages to give some brief account 
of tlie modern apparatus by means of which psychology has 
been enabled to assume more and more the character of an 
exact science, wlMi detinlte and Immutable laws governing 
liuIIvIdualH and groups, tlnm breaking down tliose harriers of 
isolation iietwmi mind and mind which language has but ini- 
IH^rfoctly bridged 

Tn his study of a gl\en Individual 'the psychologist applies 
certain tt'fets whose results give him n very definite notion 
of llie (‘apa*lt\ of the Individual before him, and of the class 
or group to wldch tlie lndl\ldual belongs, wdien the said results 
are projawly correlntisi in large numbers of lustances. To 
begin with, what are know'n as nnthroiMunelric tests are ai)- 
pllfMl These include the diameter and girth of the skull, the 
welgiit, and the height, both standing and sitting. Secondly, 
come trusts of ph>slcal and motor capacity, among which are 
the strength and erKlurnnce of grip, the strength of the back 
and legs, the spml of movement as shown by the act of 
tapping, the acturacy of moveniont as shown in taking aim 
and the steadiness of movt'ment as shown In the act of 
tracing: this group also Includes tests of the steadiness of 
motor I'ontrol as showm by involuntary movements, and finally, 
what is known as vital capacity 

Of prime importance, of (oiirse, are the testa of sensory 
capacity, which include not only a delicate discrimination as 
to the sen'^itiveness and accuracy of the eye, the ear, the 
no^. the and the touch, hut also the sensitiveness 

wdtli respect to pain and to pressure as well as a discrimina- 
tion iietwee^i dual impressions upon the skin. Lastly, there 


are various tests with respect to attention and perception, 
memory and other faculties of the intellect. 

The fundamental principle underlying the conduct of all 
these tests is the same as In other sciences, namely, the 
standardization of conditions. If the conditions are varied they 
must bo varied intentionally and for a definite purpose, Fur- 
therraore, no detail In the conditions governing the tests is 
trivial enough to be neglected 

First of all the laboratory itself must be carefully arranged 
according to certain s|)eclficatlons It must Include both dark 
rooms and rooms which are sound proof. It must be provided 
with electric power and it must be free from objects extraneous 
to the test In hand which might serve to distract the at- 
tention of the subject. The laboratory of psychology at Har- 
\urd, for example, comprises more than 20 separate apart- 
ments including five dark rooms, a sound-proof room, se\eral 
rooms devoted to animal psychology together with the neces- 
sary vivarium, a library, a museum of apparatus, etc. 

Since optical and auditory researches involve a knowledge of 
the Inw's of physics, there must be a physical laboratory form- 
ing a part of the installation. There must likewise be a 
chemical laboratory, since measurement of taste, odor, and 
i hromatie sensations are made by mt*ans of certain chemical 
reagents. Among the general apparatus required are high 
I>ower mlcroscoiies, delicate balances, thermometers, barome- 
ters. lijgrometers, h>droniieters, and various measures of 
length, surface and capaclly. Other general apparatus are 
chrotnoscopes, cylinders, electric signals, devices for causing 
disk> to revolv(» at various sihhhIs, etc 

These Instruments, all of which must bo as perfect as pos- 
blble, cspi‘clally with n^ia^ct to precision, have been combined 
in one v^ay or another to form an enormous number of In- 
geiiius devices Tht*se are so multifarious that they defy 
description In a single article How^wer. it la possible to de- 
scribe certain lyi»ea of the most Important apparatus now 
in use In tlie laborntorii^s of America, France, England and 
Germany. 

These descriptions, with tlie accompanying illustrations, will 
It Is hoped, give the reader some understanding of the value 
ot modern psychological uielbods, and enable him to see why it 
IS that the psychologist is Increasingly called upon to lend 
Ids aid to the physiologist, the phjsiclan, the teacher, the 
Jurist, and the lndu*?trial employer In every line of human 
endeav or. 

Fig 1 represents the olfaetometer Here the subject Is 
holding a vial containing an odoriferous substance to one 
nostril, while tlie other Is stopped with cotton The vial con- 
tains n few drops of a fragrant essence or solution and the 
odor Is received through a glass tube sliding inside a paper 
tube, closed with a stopper at its lower end and Immersed 
in the n^ceptacle, the test Is made by seeing how far it is 
niH-H‘S8ary to lift the glass tiib(\ thus uncovering the paper 
tube through wddeh the odor Is diffused before passing Into 
the glass tube in order to produce a sensation. By knowing 
the time required to lift the glass tube, the surface of paper 
uncovered (but with the disadvantage that the paper Is not 
a definite body), and the co-efflclent of the evaporation of 
the fragrant body In a single unit of time determined by the 
^apor balance it is possible to calculate the weight of 
the amount of evaporated substance which bas passed into 
the apparatus and been received within the nostril. However, 
the vapor balance requires such delicate manipulation that 
some authorities criticise this method because of the dif- 
ficulty of obftaining suffleient precision from the data furnished 
by the said balance. 
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FIG 1 TESTING THE SENSE OF SMELL 


FIG 2 MEASUBINO THE SENSATION OF HEARING 


In the method enitployed hy Or TouUinse the keenness of 
the olfuetory sensibilit> inensunMl In a perfeitly ailni and 
non odorous atmosplnut*, at a leniperature of by means 

of ID com of an extremely weak solution of camphorated water 
(outalned in a plasH tube bavins an internal diameter of 0 02 
in and an internal height of 0 00 m with an emery stopper 
having an internal lengtli of 0 01 rn , this tube Is presented 
to the nostrils of the suhlect (the latter not being allowed 
lo It) for the simce of tbrw seconds and during an aspi- 
ration of average amplitude, In sueh a manner that the open- 
ing of the luhe touehes llie nostrils and gives a acrwtafion (l.e, 
an indetlnlh* olfnctor.v impression) or a ptrccpHon (ie. a 
recognition of the camphor) A (ontiol experiment Is provided 
l)y presenting to the nostril of the subject a tube filled with 
distilled water 

A further step is the testing ot the suhjeefs capacity for 
perceiving and reC(ignizliig odors, h> presenting to his nostril 
various 8<dutloiis containing definite percentages of fnmlllor 
fragrant substances, such ais olive oil. orange llower water, 
violet water, rose water, garlic watei, eamphor, vinegar, etc 
Aqueous mixtures ar*» used instead of alcoholic solutions to 
avoid interference h> the odor of the alcohol , in these* cases 
the water a<'ts iniechanlcally h.\ dividing the particles of the 
CHsenct*s winch would furnish t(H) Intense a stimulus In their 
pure state 

Finally, the non-olfactory s^mslbillty of the pituitary mu- 
<^nis membrane can he measured by determining the weakest 
possible solution of ammonia at 27® C . or of ether, capable 
of occasioning a sensation or a perception. 

The apparatus constructed by Toulouse and Vaschlde to 
carry out thetse various tests is known as the osmi-esthesiom- 
eter and comprises a series of 54 vials of cylindrical form 
each having an internal height of 6 ern. and an internal 
diameter of 2 cm. and each having an emery stopper penetrat- 
ing the vinl for a dlslanci^ of 1 cm. These vials are contained 
in two copper supports, placed in a wooden frame. One of 
these supports contains ten vials holding various odoriferous 
substances, while the other contains the 'series of vials holding 


solutions of f^aniphor, of ctheri/.ed w'atcr, and of ammonUical 
w ater 

In Fig 2 the audiometer -of Professor Charles Henry is 
shown. This, as its name Implies measiites the delicacy and 
accuracy of the sense of hearing 

'Pho audltor.v sense is tested for tlu' impressions retvlved 
w'ith respect to the Intensity of musical sounds or of noises, 
to the heiglit of the note and to the timbre The latter qual- 
ity, however, results fiom a simultaneous complex of a great 
number of sounds of dlfterenl 1u*ights. hence, its objective 
anahsis is too difitmlt to permit tiie determination of exact 
measiiiiniient q’inneftire the inh‘nsit\ and tlie hidght of the 
sound and its persistc'iHe are Ihe chara(*teri sties chiefly 
studied 

A great \nrlety of methods have been oinplo.ved to deter- 
mine the nilniinuin souml jioneptihle One method commonly 
utilized consists In a laogressive increase of the aistance be- 
tween the subit'ct and the soiirc«» of sound, the latter having a 
deflnito degree of intensitv taken as a constant The aource 
of soumi may be a wabh or clock, an eh*otrlcally vibrated 
tuning fork, etc Tin* change of distance la made by a change 
of place, either on the part of the subject or on the part of 
the sonorous object; In this wav the comparative distances at 
which different Indivulnnls cense to d(»tect the sound can be 
determlntil. This change of place, liowxwer, is somewhat 
clumsy and t»sll()us, and theiefme, to mold the necessity of it 
Professor Charles Ilenn has invenleil his audiometer In 
which there is interposiMl between the sour(*e of the sound and 
the ear of the subjeet an ebonite disk pierctHi with an oriflCH* 
of knowm dlniensioiiH having a diaphragm of variable aper- 
ture: this instrument enables the investigator to compare the 
apertnn' and likewise the objective degn*es of Intensity upon 
the assumption that in each case the degree of intensity is 
proportional to tht* mpiart's of the aiiertnres of Ihe disk and 
of the diaphragm 

A nun^r of acoumelers have bc'en constructed upon the 
principle of the telephone In these the source of sound is a 
vibrating diaphragm and there is n rheostat which permits 
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the operator, by Increasing the resistance of the circuit to 
(lliuinlsh the degree of intensity transmitted to the receiver, 
which is held to the ear of the subject. 

Auotiier series of appartilns is based upon the principle of 
a variation in the intensity of the sound produced instead of 
upon a variation in tlie Intensity transmitted. This is accom- 
plished by allowing various iKxlies, such as hammers, metal 
splieres, cork balls, etc, to fall upon a constant metal sur- 
face, from varying heights 

This latter class includes the acousl-OBtlieslometer of Tou- 
louse and Vaschlde, In tills apparatus the falling bodies con- 
sist of drops of distilled water, of a constant weight falling 
from a gradually Increasing height upon a definite metallic 
object (an aluminum plate). Aluminum Is chosen because 
it does not become oxldlzi^l, and the plate is Inclined at an 
angle of 30 degrei^s to prexent the drops of water from accu- 
mulating and dltninlshlug the sound of the vibration. A flask 
containing distilled water is attached so as to slide up and 
down to a standard, and .the dr<»i>s are allowed to fall with 
more or less rapidity by means of a stop-cock controllng an 
orifice of variable »I/a* All these apparatus, of course, must 
to be operated In an absolutely sound proof room. 



no. 8. MKAStmiXO MIUHCULAU SENSXTIVENKSS WITH THE 
MYt)-l*JH'niESJOMETr:K 


It is obvious that tlie precision olrtulnable by this instrument 
In denoting the degree of acuteness pc>8sessjcd b> tlie ear would 
make it valuable in examining applicants tor telephone oper- 
ators as to their fitness for the post-^a fitness at present only 
t(N> often lacking. 

In Fig, 3 there Is shown the ni>o-esthesiometer devised by 
the well-known ps>chologlsts, Dr, Toulouse, Director of Ex- 
perimental Psychology at the Ecolc drs HantcH Etudes of 
Paris and his late collaborutoi, Dr N Vaschlde, for the pur- 
pose of measuring iivusculur sensitiveness Here, the subject 
Is blindfolded and is giumistng weiglits b.\ means of his mus- 
cular reaction. 

The subject of muscular seasitixeness emnes under the gen- 
eral head of the measurement of HubculaiuMuis sensations. 
Not all of the networks of nerves possessing general senslbll- 
iti ar<‘ found lu'nr the surface of the skin, a large number 
of them start in the luustles, the tendons, the joints, the 
bones, and other i>nrls of (he organism callable of being the 
seat of sensation. The principle ones ot tln^se sensations hav- 
ing their origin in the deeper jKirtloiis of the body Include the 
vibratory sense, which la located chiefly in the bones, and 
the klneslc or klnosthellc sense, which is often called the mus- 
cular sense, and which Is located mainly In the muscles, but 
also In tlio joints and even In the tendons. 

To determine the absolute limit of sensibility to vibratory 
Intensity, the Instrument commonly employed U a sort of 
tuning fork, the one generally adopted being the ac^ouinetrlc 
tuning fork of Pierre Bonnier, This tuning fork is set In 
vibration by suitable means and the rate of vibration Is 


measured by a dironograph, or better still by photography. 
The forearm of the subject Is extended with the closed fist 
resting upon its anterior surface apoa a cushion. The experi- 
menter sets the tuning fork in vibratioDt and at the saiao 
moment starts the hand of a pocket chrOnogiaph. He then 
places the tuning fork vertically by its handle in a state of 
equilibrium upon the top of the second knuckle and asks the 
subject to advise him of the instant when he ceases to per- 
ceive tlie vibration; at this Instant he immediately moves the 
tuning fork into the same position upon the tbp of the third 
knuckle; the subject will again begin to perceive the 
vibrations and will again tell the experimenter when he ceases 
to perceive thenk At this exact moment the experimenter 
will press the button of his stop watch and note the time 
elapsed. The necessity of changing the bone examined is due 
to the rapid fatigue to which vibratory sensibility Is subject. 

Kinesto Sensations , — ^The principal klneslc s^sationa to be 
studied consist of muscular effort exerted against a resistance 
as in the lifting of a weight ; of static contraction. Immobilis- 
ing a limb or any part of the body in a certain positlim, and 
dynamic contraction, i. e. a movement displacing a limb or 
any segment whatever of the body within certain definite 
Unfits. 

iSensafions of Muscular Effort , — ^The acuity of muscular 
sensibility can be measured by the smallest possible ratio be- 
tween two copper buckets of similar volume and form, one of 
which employed as a standard maintains a constant weight, 
while the other has its weight progressively augmented by 
the addition of flat weights; these buckets after having been 
alternately suspended without any perceptible shock to a 
segment of the limb are differentiated. The myo-estheslometer 
of Toulouse and Vaschlde consists of a series of such backets 
having the following weights : 

First series ... 1 gr. 

Second series ... 10 gr. 

Third series . 1(X) gr. 

Fourth series . . .... . . 1000 gr. 

The 1 gr. buckets are made of aluminum and the others of 
mpiier. Within the bucket of variable weight In each series 
there are placed flat weights of known weight permitting the 
value of the bucket with respect to the constant standard to 
be increased In the ratio of 1/1000, 1/100 and 1/10. In each 
series these fiat weights are ten in number of a value ranging 
from one unit to ten units. In the first series the weight of the 
unit Is 1 milligram, In the second series 1 centigram, in the 
third series 1 decigram, in the fourth series 1 gram, In the fifth 
series 1 decagram, in the sixth series 1 hectogram. In the 
first, sf'cond and third series the weights are made of alumi- 
num, while In the fourth and fifth series they are made of 
copper They are cylindrical in form and are surmounted 
by a hook 

The subject Is seated In a comfortable and definite posi- 
tion by the side of a table in such a manner that his elbow 
alone is able to rest upon one edge of the table, while his 
arms are held in a horizontal position away from the table. 
The subject Is blindfolded and told that he is desired to 
judge the weight of the little buckets by holding them in his 
hand and to tell the experimenter which seems to him 
the heaviest; In case he falls to receive a precise Impression 
he Is requested to say ‘T do not know’* 

The -bu<'kotB are placed upon the joint of the index finger 
which is nlnuost fully extended and the subject is then asked 
to Judge the weight of the bucket by a movement of the fore- 
arm which Is lifted from the elbow (the latter being sup- 
ported as stated above) while the fist remains immobile and 
all the fingers of the hand except the index finger remain 
closed. Thus the muaeular sensiblUty appertalne almost 
•solely to the biceps and to the anterior brachial muscle, on the 
one hand, and to the opposing triceps on the other hand. 
Triple pi*esentations are made: the standard of a series It 
first presented, then another weight, and then the standard 
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acain proceeding progressively from the weight which differs 
least from the standard, to the one which differs most. Be- 
tween any two triple presentations there must be an interval 
of one minute in order to avoid fatigue, and after three or four 
triple presentations the subject must rest for several minutes, 
especially If the weights are heavy. 

When the responses of the subject are found to be con- 
stantly exact, one obtains the value of a differential limit or 
"‘threshold” measured by a fraction, whose numerator consists 
of the weight in grams of the excess load added to the bucket 
having an adjustable weight, and whose denominator consists 
of the weight in grams of the bucket used as a standard. 

In order to dertermlne the absolute threshold of sensation 
one must produce anesthesia of the surface of the skin since 
otherwise the sensations of pressure, which precede the muscu- 
lar sensations would render exact measurements ImrHisslble; 
this is accomplished by placing ethyl-chloride upon the index 
finger. 

But it is possible to measure not only sensory sensibility 
and energy, but purely intellectual phenomena, such as mem- 
ory, Imagination, logic, the power of association and of ab- 
straction, the capacity for discovery, etc. 

Memory, of coarse, exists in animulh, in a more nr less rudi- 
mentary form and Interesting eomparisous can be made be- 
tween this power as shown in animals and as exhibited in 
children and adults. All of the sensory perceptions can be 
remembered, and such memories may be very complex, particu- 
larly in the case of the five senses. Thus In auditory memory 
alone the mind can retain the imipression not only of simple 
notes, but of chords, arpeggios, and tunes 

Visual memories have been classiflefl under the heads of 1 : 
Tables of complex, straight and curved lines; 2. Concrete 
objects; 3. Attitudes and expressions, 4. Complex scenes and 
physiognomies. 

Finally, there are memories of words, phrases, and intellect- 
ual concepts. 

Many tests of memory can be made of course, either with 
no apparatus or with nothing more elaborate than a piece of 
paper and a pencil, or a blackboard over which a shutter can 
be swiftly drawn. 

Fig. 4 shows Lahy’s electro-magnetic apparatus for this 
purpose. 

Sensations of heat and cold can be measured In various 
manners. A clever device for this purpose is the thermo- 
estheslometer of Toulouse and Pi^ron This consists of a 
double metal funnel having an electric resistance between its 
two walls. The and of the funnel Is provided with a stop- 
cock regulating the flow of drops of dlstJlletl water through 
a calibrated orifice. A therraominer is immersed in the funnel, 
the end of the reservoir being above the level of the orifice: 
n spiral agitator surrounding the thennoineter maintains a 
homogeneous temperature of the mass of water A card- 
board screen is placed at the base of the funnel with an orifice 
for the passage of the drops. An Important feature in the use 
of this device is to allow the drop of water to remain on the 
skin very briefly, since evaporation at once produces a cooling 
sensation. 

SENSATIONS OF PAIN 

Cutaneous sensations of pain have the peculiarity of being 
excited by a wide range of stimuli including pressure, pinching, 
piercing, heat and cold, and electric discharges. This is why 
pain was long held to bo a concomitant of any violent oxerta- 
tlon, instead of a definite sensation, as It has now been 
demonstrated to be. It is measured by various instruments, 
one of which Is the algoesthesiometer of Toulouse and Pldron. 

.Fig. 0 shows the method of testing susceptibility to heat 
and cold. Here the subject is measuring calorific sensations 
with his hands crossed, 

STATIC SENSATIONS. 

There are certain sensations which enable us under nor- 
mal conditions to recognise the ifMtion of the limbs 


and of various segments of the body with respect to 
each other, even when we have forgotten the movements to 
which these attitudes are due. Thus when we first wake In 
the morning we know' whc^tiier w'o are l>Iug on the back or on 
one side and whether the Unilis are drawn up or extendwl. 

An lustrumeiU desigiUHi to ]>erinlt the study of static sen- 
sation in the arm is the Hchesl-esiht'slometer of Toulouse and 
Ph^ron This consists of a grooved standard jEind a circular 
support which can be inclliu^d so as to awing backward and 
forward The surfaco of the aupport can be placed by means 
of tlie groo\es at any dlwtanco alvove the ground from 0.90 m. 
to 1 00 ni The foot of the standard can bo moved upon the 
surface of ii circular plt^ce of linoleum upon which there is 
drawn n central eiicie aud a series of radii separated by dis- 
tances of 10 degrws 
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The arm Is placed In a given position with the hand rest- 
ing upon tlie support which is so inclined as to he in a straight 
line with the axis of the extended arm , this position can then 
be defined as regards Its height and its angular distance with 
respect to a plane which is peri>endlcular to the Interoeular 
line The subject: Is requlrt'ti to compare this position with 
other positions 

DYNAMIC SENSATIONS 

Dynamic sensations are those whlcli give us information as 
to the extent of movements of the limbs or of segments of the 
body. The instrument described above can be employed to 
atudy the differential sensibility of passive movements of 
the vvnst joint. The hand being placed in the usual position 
upon tlie support and brought to the height of the horizontal 
plane of the extended arm; the support is then Inclined at a 
constant rate of speed and at a definite angle, c. g. at an angle 
of 30 degrees per five seconds; ihen after having again placed 
the hand in the horizontal position, the movement Is recom- 
menced at the end of five seconds with the same rate of speed 
and a displacement of somewhat greater or somewhat less 
extent is made. The subject Is required to inform the expert- 
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iiienter an soon us \u* <au penvlve a difference In the extent 
of the f]lHplao<*iiients, and which appears tc» him to be the 
scienter The differeiKe hctwmi the two displacements Is 
gradually Increased until cvu<*t resisnises are obtained deter- 
miuluff the threshold ot ^sensutirm (i /'.a detected difference) 
and the threshold of is^rceptlon it c the determination of the 
extent of the difference) The linbltiial test consists In effect- 
ing the MU me <tiHi>hic(nneiit In succession 

icHve Afoiv 7 n-m./« — Acti\e inovenientM are studied by caus- 
Int^ the subJtMd of e\i)eninent to displace a movable l>ody along 
a definite dlwfance 1’here arc* various ui)pnrntti8 employed for 
this puriM>sc*, sometimes Kroo\e(l hnards arc used, a pencil 



being employed to follow the contoui (»f the groove, . This 
metliod enables the experlmcmter to determine the Miresliold of 
differentiation of forms- for t‘Xnnn>hN by causing the siibtect to 
follow the contour of circles widch have been more or less 
flattened so as to ansuiue an elliptical form it c‘an be* deter- 
mined wliat U the slightest degree of fiat ten lag capable of 
being perceived. 

Various other Hi>paratus have been devised to measure the 
extend and prevision of various dynamic motions 

MKVhlTRINCl TIIK HFXSE OF TAHTF 

The sense of taste Is so elosely connected with tlml of smell 
that It Is often dlffleuU to differentiate the two* and there 
are In fact a large number of pseudo tastes or savors which 
result from the c'ollalwratloii of these two senses Fortunately, 
however, certain sttoiiull exist which have a distinctive effect 
upon these organs, thus enabling them to be Isolated for the 
purpose of ^udy 

Some experimenters make use of powders to stimulate the 
sense of taste wddle others employ solutions, which are placed 
upon the tongue by meaira of the finger* a brush, a sponge, or 
a tube; others still make use of electric currents. 

Oertaln definite methods have been formulated by Dr. Tou- 
louse for the study of taste. He makes use of salt, for salty 


8a>ors, of saccharoae to produce sweet savons, and of quinine 
for hitter flavors and of dtrlc acid for acid flavors. These 
substances are not only wdl defined and familiar to all nor- 
mal subjects but are readily soluble in distilled water. 

These solutions are prepared in decimal series. Bach Is 
placxHl in a flask througli whose rUbber stopper a dropper is 
inserted. The dropper Is carefully made so as to produce 
standurdized drops having a constant volume of one-flftleth 
of u cubic centimeter whatever the concentration and having 
approximately the same weight. Sixty of these flasks are 
placed In a frame made of copper which can be placed in a 
water bath so as to maintain a constant temperature of 38 * 
degrees centigrade. ThU a^H^jarutus is called a gueust-c^thesi- 
ometcr. The flasks must be protected from evaporation since 
this will alter the degree of concentration. Furthermore, they 
should frequently be refilU*d. The drops are allowed to fall 
uiMjii the tongue from a height of one centimeter. At this dis- 
tance there Is practically no sensation produced by contact — 
thus the only sensation experienced Is that of taste. The sub- 
Jtst of the experiment Is seated comfortably with his head 
held by a support and Is then told to extend his tongue as far 
as poasihie The surfaiH* of the tongue must 'be perfectly dry 
before the application of each drop so as to prevent diffusion* 
which w^ould Interfere with the a<»curacy of the exxierlment, 
especially In cases where <*ertalu definite areas of the tongue 
are being tested with regard to specific sensibility The 
tongue must be held perfectly steady, if necessary by holding 
it In the hand, the latter being covered with a handkerchief 
Tin? subject must obey the orders of the experimenter promptly, 
cltlier holding the tongue extended or withdrawing It and 
prest»li]g tt against the palate in the endeavor to bring out 
the taste of tlie applied drop. There Is an interval of one 
minute before the fresh drop is applied. In the case of bitter 
substances this Interval Is necessarily much longer, extending 
even to five minutes, since bitter tnistes have a tendency to 
iM'i'sist After each upplicullou the mouth must be rinsed 
with 5 cem of distilled water having a temi>erature of 38* C 

THB MB-VSVBEAIKNT OF VISUAL SENSATIONS 

The Meusatioiis derived troni the eye are extremely complex 
and their Investigation is, iherefore, a matter of much dell- 
cuc> The eye is measured first with reference to Us capacity 
lor luminous isensatlon, tests being made for the perceptible 
minimum of sensation and ft>r the differential minimum 
Secondly, it Is measuied with reaiiect to its capacity for chro- 
matic sensation, i. e, Its sennltlveness to color. The first 
tests have n»ference to ivenslbility as a whole to chromatic 
intensity Next the extreme limits of chromatic sensibility 
aie deterndinMl Thirdly, the power ot differentiation between 
chronuiitio toam N made* and lastly, the sensibility to shades 
and to clipiunatlc saturations is determined. 

Other ti?st8 include those for keenness of vision, for the 
(*\tent of the visual field, and for the persistence of luminous 
lmprt*^iims. In these various branches of visual measure- 
ment a large variety of apparatus Is used for which the best 
optical glass, including leniaes, prisms, ground glass plates, etc * 
must be emphiytHl* Furthermore, there must be all sorts of 
spt^*tnch*« to con*ect abnormtal vision. The importance of this 
will be rc(^>gnl»ed when it Is remeinbertHi that a large per- 
(ontage of individuals have eyes which are unlike each other, 
m one respect or another, besides the difference between in- 
dividuals Furthermore, even in a perfectly normal eye the 
f«>cusing ixwer gradually and continually changes with in- 
creasing age. One of the commonest instrum^ts used to de- 
termine luminous sensibility, is the pbotoptometer of Gharpen- 
tier, an arrangement of two plano-convex lenses In a tube 
having between them a diaphragm provided with a device 
sometimes known as a “cat’s eye,” i. a., an aperture which can 
be made wide or narrow at will by means of an adjustable 
shutter. A ground glass plate covers the end of the tube. 

The subject of experiment must remain for a quarter of 
an hour beforehand In a dark room, so that his eye is ad- 
justed to entire obscurity. The pbotoptometer is placed upou 
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a table and the electric bulb forming tthe aource of light in 
placed in a dark box connected with the tube of the apparatus* 
In such a manner that not a single luminous ray, except those 
which enter the tube can pass into the room The subject has 
the eye piece to which he must apply his eye indicated to him 
by the sense of touch. When he hrst applies his eye the 



FIG, e DBIXlByRiMINING THE DEX3REB OF DILATATION 
OF THE BYE 


adjustable aperture Is completely closed , lie then removes his 
eye and the aperture in the diaphragm is gra<lually opened, 
the subject applying hla eye every twenty seconds, for a period 
of two seconds each time He Is requIrcMl to announce the 
exact Instant when he l)elle\es liLmv'lf able t«) o!is(»ne even 
the faintest degree of luminosity upon the scn'en. 

The differential mini mum is obtained by the differential 
pUoloptometer This Is made by adding to the tube of the 
simple photoplometer a rectangular box, uiKin which is 
mounted at a right angle a tube Identical with the (list Two 
luminous sources of equal intensity are placed opposite each 
tube at the convergent focus of the lenses opposite the plate 
of ground glass, the adjustable upfTturcs are open to the 
oame extent. But the light which comes from the second tube 
encounters in the rwtangiilar box a plane sheet of glass, 
placed in a diagonal iwsltiori. which, reflcHJtlng the rays at a 
right angle, projects tliern iqion the anterior surface of the 
screen, while the posterior surface of the screen receives the 
light from the other source The eye observes the screen 
illuminated by both sources, one of these Illuminations being 
by direct transmission, while the other Is by diffused reflec- 
tion. But to effect a comparison of the two sources It la 
niHjessary that each half of the screen should be Illuminated 
by one of the sources alone. Accordingly, a sheet of opaque 
black paper Is placed behind the screen covering one-half of It. 
This half will, therefore, receive only the reflected light, while 
to prevent the other half from receiving reflected light the 
corresponding half of the diffusible surface terminating the 
lateral tube Is covered with opaque black paper. The subject 
Is now^ required to compare the two sources of light In this 
manner and by modifying the aperture of the lateral dia- 
phragm the intensity of the reflected light can be Increased 
or diminished until a differential perception is obtained. 

Another intcreeting instrument w^leh is sliown in Fig 6 
Is the pupllomieter. This is employed Xo determine the degree 


of dilatation of the pupil ot the e^e or the distance betw'een 
the two pupils. 

MOTOB OBJKCTIVATION. 

The somewhat technical title of “motor objectlvatlon" In- 
clud<^ the investigation of certain phenomena w^hlch are of 
vital importance in the IndUMtrlal world, »lm*e by means of the 
tests here applied to luMduals woikmeii can be differentiated 
with Ti^pect to their si>eeiflc aptitudes as well us their general 
capacity 

To begin with, lolunluiy reaction Is measuriMl, the reaction 
time^ being carefully noted These reactions are caused by 
vaiious apparatus di^slgned to prodiu*e stimulation by menus 
of piessure, by elect rltdty, bv lu'at, by sound, by light, by smell, 
liy taste, and by pain The reaction times are recorded by 
specially constructed chronoscopes 

Motor raiiidity is next measured, both as regards simple 
movements and with n'HjH'ct to complex movements. Precision 
of nic»emenl, whether simple or complex is also carefully 
measured, as well ns >vhat Is called motor symmetry 

An Interebtliig dl\ision of this subject is concerned with 
motor «)uggestibilll> and ln\oluntary motions. The uPimate 
II ml Is of motor leaciions uie Hkewdse caretully stud it'd, to- 
gether with motor inhibition. 

But iierliups the most Interesting branch of this subject to 
the a^elage reader deals witli motor fatigue and variability 
of effort 

THE MEAStTREMENT OF MOTOR JbAlTOUE ANT) \ \R1ABLE KVFOBT. 

Motoi fatigue can be determined by tlie diminution in the 
intellslt^ of iiio\enumts made in a definite pt*riod of time. This 
(lliiiinution can be iiivi^tigate^l as a phenomenon of fatigue 
pine and simple by means of an electric stimulation of the 
muscles But in llie ordiiuiiy affairs of life the question of 
fatigue Is conipllciiltHl by tlie fact that us the degree of fatigue 
increases It Is combatted by a progn*sHlve increase in tlie In- 
teusitj of the mT\e force dlrtH^ttHl to tile muscles; this, of 
couise, naturally lends In Us turn to produce a nerve fatigue 
wlilch eventuall.\ caust^s a cessation of effort On the other 
Imud, it has lieen 4lemon8tinte(l by Mosso that voluntary effort 
tends to increasi* in direct proportion with muscular fatigue, 
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a fact which most people have noted in their own experi- 
ence. The investigator, therefore, in studying fatigue pro- 
duced by voluntary labor seeks to determine this growing 
intensity of effort. 

Individuals can even be classified with respect to the In- 
tensity of the voluntary effort, which they put forth In the at- 
tempt to counteract the decrease in the amount of work done 
due to fatigue Such a classification carefully made would 
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be Invaluable to en employer of labor, as well as to peda- 
gogues. This coefficient can also be used to make a compari- 
son beween an Individual working under his own guidance, 
i c , a man who Is being alone'* and the same individual 
when subjected to the Influence of various stimuli, such as 
admonitions, curses, prayers, the hope of reward, the fear of 
punishment, or the artistic delight in achievement. Perhaps 
this explains the well known popular assumption that only an 
expert In profanity makes a good mule driver. 

A decrease In energy can be made by successive compres- 
sions of a dynamometer, by Moeso's ergograph, or with the 
dynamograph Invented by Professor Charles Henry of the Sor- 
bonne. Fatigue can also he tested by a decrease of rapidity 
in certain simple movements, as for example, In the so-called 
tapping test. This see-sawing produced by steadily increas- 
ing fatigue and by spurts of energy designed to make up for 
the loss causes the descending curve which indicates a fatigue 
to be very Irregular in character, showing individual variation 

The dynamomeUT consists of a metal spring which Is com- 
pressed by the hand. Its defect consists In Us hardness and 
stiffness which produce pain, which tends to inhibit the effort. 
Mosso's ergograph Is far better In this a weight is lifted by 
the repeated contraction of tl^ middle Anger, which wears 
a ring attached to a string which runs over a pulley, the 
weight being at the other end of the string The weight used 
must be neither too large nor too small, 3 to 4 kg. being best 
The proper rhythm is one ccmtraction of the finger every 2 
seconds; a slower rate permits the finger to rest, so that 
according to Magglora’s ergogram a rhythm of 10 seconds 
prevents fatigue. Too fast a rhythm, on the other hand, tends 
to produce cramp. The defect of the ergograph consists In 
the Impossibility of maintaining a sufficient degriH* of immo- 
bility in the arm to prevent codperatlon by fresh muscles of 
arm and shoulder. 

Professor Henry's dynamograph represents a distinct Im- 
provement. Here the work Is done by compressing a rubber 
bulb filled with mercury comimunicatlng with a manometer 
Since the mercury Is not rigid the effort causes no pain. The 
surface of the mercury bears a float connected with a regis- 
tering device. The bulb must be squeezed rather slowly to pre- 
vent the mercury from rising above the float. 

niRMOORAPHT. 

Technique dc Psyoholoffie Experimmtal, by Dr. Toulouse 
and H. PWron. 

Psychology from the Standpoint of a Behaviorist, Dr J. B 
Watson. Johns Hopkfns University. 

Manual of Mental and Physical Tests, G M. Whipple, Cornell 
University. 


A NEW THEORY CONCERNING THE NATURE OF THE 
PHENOMENA OF LIFE, 

By Fkux Rkonault. 

Our knowledge has now reached such a degree of advance- 
ment that we ore enabled to regard tiie phenomena of life 
from a uew viewpoint. This oonalsts In regarding the living 
being as consisting of two substances, one of which is act- 
ually living while the other is organic in nature 
Tlie living substance may be termed the “energlde” ; in this 
class are included the nucleus, the protoplasm, and certain 
intracellular siainents The energides manufacture organic 
products. Some of them remain intracellular, while others are 
pericellular and still others are extracellular. Among these 
latter are tliose which are architectural In character. 

It is not true as stated in the classic definition that a tissue 
Is formed simply by the union of cells having a similar con- 
stitution; it comprises also an organic product Tissues are 
divided into three classes according to the quantities which 
they contain of this product, os follows; 

1. The tissues having numerous and contiguous c^s with 
a not veiqr abundant Intermediate organic product. Exam* 
pies of such tissues are the epithelium and the endothelium. 


In these tissues the cell has an important functkmal rdls 
while the organic products has a secondary rdie. 

2. The tissues composed of rare and isolated cells immersed 
in an abundant organic product. Certain lower organisms, 
such as the volvox are composed of cells of the same kind 
united by an abundant g^tinous substance. Among the 
higher creatures the oonjuotive cartilaginous and csseons 
tiasuer are formed in this manner. The ceils of these tissues 
are specialized in the productlmi of the aforesaid organic 
products and have no other idle. The organic product has an 
important functional rdle. The grafts of these products suc- 
ceed well upon oondiition that the cells which they enclose 
are killed. These dead cells are then replaced by the cells of 
that part of the body which acts as the host for the grafted 
piece and these cells readily Invade the organic product. 

3. Tissues constituted exclusively by the organic product. 
The latter proceeds from a pericellnlar or an intracellular 
secretion which is liberated by the death of the energides. 
Examples of such tissues ere the vascular canals of wood 
among plants and the epidermis among animals. Finally, 
such a tissue Is sometimes produced by an extracellular se- 
cretion, such as the shell of mollusks. 

In every tissue an effort must be made to distinguish be- 
tween that portion which is the truly living substance and 
that portion which Is merely the organic product There are 
cases In which this distinction Is very difficult to make. 

The corpuscles of the blood are living to begin with, while 
they exhibit a nucleus, and are erythroblasts. They continue 
to remain living in the batracblans among whom they retain 
their nucleus. But in the higher mammals they lose the nu- 
cleus and are formed solely of hemoglobin and then become 
merely an organic product. 

The muscular substance is derived from protoplasm; from 
the point of view of embryologists it is to be regarded as an 
organic product. Protoplasm has long been regarded as the 
vital principle par excellence. But today it has diminished 
in importance, while the nucleus has Increased In significance. 
However, the habit has continued of considering protoplasm 
to be a living substance as wdll as a nucleus. However, the 
properties, movement and excitability of protoplasm can be 
explained by physico-chemical laws. When separated from 
the nucleus it perishes; by Itself It is incapable either of 
assimilation or of reproduction. Contrary to the nucleus it 
possesses an incomplete vital energy; to all appearance it Is 
capable of acquiring the vital energy of the nucleus but In- 
capable of producing that energy. 

The laws which govern the phenomena of life are a subject 
of debate. Some authorities accept the anlmlst theory, others 
that of the unlcists, and still others, finally, that of the vital- 
ists. In these discussions we ought to make a distinction 
between the organic products, which necessarily obey physico- 
chemical laws and the energies. It is quite possible that the 
latter produce a special form of energy which differs from 
other forms of physical energy as much as electricity differs 
from heat or from light. 

ConcluHum . — Living organisms may be regarded as com- 
posed of two substances, the living substance or energies and 
the organic product. These two substances form tissues in 
which they exist in variable quantltlee; the tissues may be 
classified by taking as a basis the quantity of organic prod- 
ucts which they contain. 

Certain 8 Ubeftance 0 which are commonly regarded as being 
living are in reality organic products: such are the corpuscles 
of the blood and the sarcolemma of the muscles. It is possi- 
ble that protoplasm Itself le merely an organic product of the 
nucleus— in any case it possesses an Incomplete vital energy 
which it acquires from the nucleus. 

While the organic products are governed by physico-chemical 
laws, it Is easy to believe that the energides produce a special 
form of energy which Is peculiar to life.— Presented by Dr. 
Ch. RIchet before the French Society of Biology in Paris at 
the Session held December 6, 1919. 



The Evolution of Efficiency in the Animal Kingdom* 

The Principle of the '^Shortest line'' in Action 

By J. S. Szymanaki, Vienna 


I T Is my purpose in this article to direct the reader’s at- 
teatioa to the element of regularity found in the various 
activities of men and animals when regarded from the 
point of view of effid^cy. 

When we observe the various kinds of action made by men 
and animalSt we are impressed with the fact that in most 
cases? animals as well as men act as If they meant to at- 
tain the object of tholr action as directly as possible, i.e,, by 
the shortest path*. This principle Is not Immediately evident 
when we regard the activity of a single individual alone. The 
regularity above mentioned Impresses us only through a com- 
parison of a given action in different Individuals or In dif- 
ferent kinds of animals. 

In order to obtain a clear perception of such regularity of 
actions It Is advlsablo to make special observations under dvc 
heads, which may be stated as follows: 

1. The observation of similar instinctive action In di- 
vergently constructed kinds of animals belonging lo the same 
class of animals. 

2. The observation of similar Instinctive action in indi- 
viduals of the same kind under different conditions of the 
organism. 

8. The observation of similar instinctive action in the 
same individual and the effect of different degrees of inten- 
sity exerted by the same sort of stimulus. 

4. The observation of different degrees of development of 
a newly acquired habit In the same individual during the 
course of the process of learning. 

6. The observation of the execution of the same ratloiial 
action by an individual at different ages. 

Upon examining more closely each of these oases with 
respect to the question here Involved, the hrst thing to be 
noticed is that in the same class of animals those kinds which 
are anatomically divergent perform the same instinctive ac 
tion in such a manner as to make use of the principle of the 
"’shortest path.** To mention merely one example, insects 
cleanse their antennm “In the mechanically simplest manner.” 
This opinion is founded upon the following observations: an 
a general thing long feelers in those kinds of Insects which 
possess masticating mouth organs, are cleansed by means of 
the latter; while short feelers are cleansed with the fore 
legs. In those kinds which do not have masticating mouth 
organs, both the long feelers and short fet^lers are cleansed 
by the fore legs. When, however, the masticating mouth 
organs are small and feebly constructed or when the feelers 
are comparatively stiff and inflexible even those kinds of 
Insects which possess masticating mouth organs, cleanse their 
comparatively long antennae with the legs But even com- 
paratively short antannm can be cleansed with the month or- 
gans when the feelers have protuberances at their ends, or 
when the legs are comparatively short. These examples serve 
to show that the same action in different kinds of animals 
is always performed by those organs whirii enable the creature 
to perform the operation in the most direct manner, 1. e., by 
the shortest path. 

If we turn now to the observation of the same action 
in individuals of the same kind in different conditions of 
the organism, we perceive, to begin with, that when we re- 
move some agent which is normally employed for the per- 
formance of an action, the organism is able in many cases 

rrnuwlatied for the BetmtifU) Aissrioon iTotUhty from the Biofo- 
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"In the most eoonomle manner, therefore, 


to perform the said action with some other organ substi- 
tuted as an effective agent. Thus, for exatiiple, a frog 
which has had some acid £q;>rinkled on one side of the body 
usually wipes itself with the hind leg on the same side. But 
If this leg be cut off it still wipes away the acid with the 
hind leg on the other side (Pflueger). Or, to take another 
example, the rod ant cleanses its feeler with the foreleg 
upon the same side But if the right foreleg be amputated 
and the ant wishes to cleanse the left feeler, it turns Its head 
towards the left side and seises the left feeler with the 
cleansing spur of the right foreleg with which It then combs 
its ft^eler It Is quite olndous that this vicarious movement 
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cannot be executed like nornuil ones along the shortest path. 
However, it is not necessary to remove one of the effective 
agents in order to exert a mechanical influence upon the per- 
formance of the action. It is quite sufficient to produce an 
enfeebling of the entire organism or else of the sensory ac- 
tivity in order to hinder the execution of the action along the 
shortest path. Thus it can be shown, for example, that 
when In an animal which is capable of making “experimental 
movements,*’ we produce a heightened general mobility, through 
the Influence of external or Internal factors, It is able to move 
with a comparatively greater average speed In a more or less 
direct line either to or from the source of stimulus, ar- 
resting its progress at only a few points in order to execute 
“experimental movements.” While, on the contrary, there 
has been produced in the same animal a diminlhbed general 
mobility through the influ«ice of external or internal fhe- 
tors, it will move with a comparatively decreased average 
speed either to or from the hource of stimulus along more 



FIG 2, THK 'rRANttF0IlM:AT10N OF THK WmilCING BKfilLEX 


INTO THE HOLLING XJP BBITLBX 

1. airlklng reflex of type B (= local defenae reflex) 

2. During a prolonged irritation the body erects Itself more and 
mom. the legs let loose of the underlylus sapport, the fore part 

the body bends itself laterally, (8) and the catetplUar falla off the 
support. Daring its fhU the oatexiplUsir rovo^vee Itself along Its 
longitudinal axis at an angle of 00” In such a manner that the abdom- 
inal side is made to lie Inward 

or less direct paths, and will arrest its progress at many 
points in order to execute experimental movements. 

The observations of the same action executed on the 
one band by normal Individuals and <m the other liand by 
enfeebled Individuals of the same kind shows that the or- 
ganism operates along a shorter path when in a normal 
condition than when in an almormal condition. 

The impression that the organism operates alcmg the short- 
est path is further strengthened by the observation of the same 
instinctive action in the same individual and the effect of 
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different degrees ot iDteosity of the same stimulus. Whea» 
for example^ one strokes the wing of a fly {BrUialU fenae) 
once or several times witii.a thread, the little creature raises 
the hind leg on the same side and wipes Its wing with lt» 
as If It were trying to wipe something off of the wing* (Fig. 
1 ). When, however, we continue the stroking of the wing (the 
consummation of the overflowing excessive stimulus 1) or in< 
crease its intensity, the insect flies away. 

This action makes it quite evident that the whole organ* 
ism does not change Its position in order to escape the effect 
of the stimulus until the local protective reflex falls to ac* 
oomplish its pur{K)8e. Still another example of the same phe- 
nomenon may be observed in the caterpillars of many butter- 
flies (some kinds of the Vanessa, and Pieris brassicae). When 
we lightly touch the ba<*k of a resting caterpillar of one of 
these kinds with a small stick, the little creature will curve the 
forward part of is iiody backward endeavoring to reach the 
source of the irritation with its mouth from which there is- 
sues a drop of blood ("striking reflex of type B’*). If the 
irritation of the back be <x>ntinued the caterpillar either 
moves away or else the striking reflex passes over into an in- 
complete rolling-up reflex and the caterpillar falls down off 
its support. This is the case also in which the local defence 
reflex panses over Into a general flight reflex. It indicates 
that the organism first attempts to get rid of an Injurlus 
factor by the shortest path and does not attempt other action 
until the first falls to be successful 

This regularity of action Is eepeclally evident in the 
process of learning. Tim observation of the different degrees 
of development in a newly acquired habit in the same In- 
dividual during the course of the process of learning shows 
that the animal or the human being constantly selects the 
shortest path during the progress towards perfection In the 
execution of the action <'OUcerned until Anally, when the pro- 
cess of learning has been perfected, the action is executed 
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FIO 8. BEXHAVIOR W IN A I^BYRINTH 


I. B«bavlor of a golO-aih in a t(U>yrliith at th« beginning of a serlM 
ot esperimonti (a), during iU further progress (b), amd at the conclu 
alon (o). JT s= a dosed exit, y = an open exit. 

II. iBehavlor of a mt In a hthyrinith at the beginning of a sertea 
of testa (a), during Its further progrew (b), and at the concloslon (o). 
The dweUing cage and food are located at A . y s w represents the 
shortest path from the frontt of the eaolosure to A 

III. Behavior of a dog In a testing rq^ace at the heginping of 
the serlea of teats (a), durlog Ita further progress (b, o) and at 
the concluston (d) The front of the eoolosure Is at m and the 
food is at y. In adl tlie figures the heavy lines represent the path 
taken by the animal. 


along the shortest path Herein lies the principle of learning 
through the elimination of unnecessary movements or in the 
well-known phrases of an American authority : "The dropping 
of useless movements," 

■Among all the Idnds of files which I tested Is this manner only 
the ErUtaUs exhibited this reflex. It it easiest to slip up on this 
fly without startling it when its redoxes of forward motion have 
been mode slugglAb through some looai condlUon, eoch as the weather 
(a rainy day) or the coming of twiligh^t (the beginning of the period 
of noctOmal rest) 


Ana^ 1890 

As an sssmpl* of this I .wltt msatUm msirsly th* proc sss of 
learning to psdE In chl4te (Morgan. Breed) and fbo hOhtstor 
of snlmsls daring the proeess of becoming goaoMomed to 
find their wsjr ont ot s tobgrlnth (Fig. 8). Lsoinlng thioo^ 
the eUmlnotton of snpotlhioas moTomanto Is eapedoUg llttod 
to show clearly that wtaen the process ot looming boa twen 
completed the given action Is accomplUhed along the shwtest 
path. Finally, when we regard the scoompUsIuiieiit of the 
same rational act in a single individual at different ages. 
It becomes evident that in the eariier years of life sodt 
actions are not acoomplished in a perfectly nitlonsl OMnner, 
t.e., they are not performed by the shortest path. It is only 
with advancing age that the Individual performs acts in a 
thoroughly rational manner, l.e., along the shortest path. By 
way of an example I would call the reader’s attention to the 



I. Th. labyrinth In the toap. ot n onatl dielL 

II The carve, are Intended to make evident the capacity for 
rational action u eliown by tho labyrinth ovreoplng teat. The caM. 
In which the child acta ratloneUy, 1. e In which It iMglnii to owwp 
at e are ahown upon th. ordinate (In peremtega), (while the age in 
yenro la placed upon the alndwtae 

results ot the so called “sweeping the Isbyrlntb test" This 
tost consists in the removal of bits of gravel from a labyrinth 
in the form of a snail shell (Fig 4-1). 

It was found that children did not perform this act ra- 
tionally, l.e., did not begin the sweeping at a until they had 
r«*ached the age of about nine; children from five to eight 
years of age, inclusive, did not act rationally, since they 
began to sweep at o or b. The rational action only Is a 
perfected action since It is performed along the shortest 
path. As this example shows, the development of rational 
conduct progresses with advancing age In the direction of the 
perfomuince of a given act by the shortest method. 

The perfecting of behavior In adults and also In suc- 
cessive generations of mankind follows the same direction. 
For thorough scientific researches, i. e , through the process of 
learning, successive generations eliminate the irrational man- 
ner of conduct of their ancestors (consider, for example, the 
psycho-technical principle of the scientific management of bus- 
iness). In this case a similar process takes place, so to 
speak, to that which we have observed in the progress of 
learning through dropping useless movements. Oonaequently 
the aforesaid regularity Is to be discovered by the observer 
In all types of action I 


OZONIZING POWER OF SOI.AR RADIATION AT HIGH 

ALTITUDES. 

As a result of experiments at Mont Blanc Observatory to 
determine the part played by the solar radiation In the produc- 
tion of atmospheric osone at a high altitude, it is shown that 
at an altitude of 4800 meten the solar radlatUm has no ozon- 
ising power, and that the osone found In the middle and lower 
atmosirtieric layers is not formed there by the direct and 
local action of the sun. 'nie therapentlc effects of the son- 
bath cure cannot, therefore, be attributed, as has been hith- 
erto imagined, to a chemical process of this wimtoj-^omptot 
ReHdv$, Nov. 24, 1019. Abstracted by The tieluUotH tteoteio. 




Human Grafting 

The Brilliant and Successful Experiments ol Dr. Serge Voronoff 

By May Tevis 


O UT of tbe monatroas evil of the war la It comfort- 
ing to reflect that at least aome good haa come in an 
eoormoua atlmnloua glvmi to medical science and surgi- 
cal akin. Nowhere la this more marked than In the marvda 
of human grafting, which have performed actual roirarles for 
conntleas wounded, crippled and disfigured men. 

A well-known European surgeon, Dr, S. VoronolT, formerly 
a pupil under the famous Dr. Alexis Oarrel of the Rock- 
efeller Institute, and hlms^f the author of the valuable 
work, a “Treatise Upon Human Grafting,” contributes to a 
late number of La Jiewe (Paris), an article upon this vitally 
important subject. He says: “It is evidently not sufflcient 
that the hum'an grafting should exhibit good results for a 
limited time only; It is necessary that the result should be 
durable, and that tbe transplanted organ should give rise 
to no trouble In the new organism. On my return from New 
York in 1910, where I followed the work of Dr. Oarrel, I 
undertook certain experiments in order to determine the con- 
ditions which might insure the definite vitality of grafted 
organ.s. T soou perceived that the organs borrowed by one 
animal from another of the same species sometimes exhibit 
signs of retrogression and atrophy. I concluded that the 
borrowed organ failed to find the proper vital conditions and 
nutritive environment in its new host necessary for its con- 
tinued existence. Every living being represents a highly per- 
sonal individual entity, possessing a peculiar temperament and 
blood character, which, while similar to that of other in- 
dividuals of the same species, nevertheless has certain pecul- 
iarities whldi defferentlnte the Intimate biological conditions 
of the cell life In our organs. This Indlvdual difference varies 
In degree, and it occured to me that it must certainly be i> 08 - 
slble to find some Individuals which were more closely similar 
than others among the same species. I based this opinion 
u))on the fact that some individuals are found whose blood 
when mingled forms a uniform liquid wherein it is impos- 
sible to distinguish the portions coming from one or the other. 
There are others on the contrary whose blood inunedlately 
coagulates In contact with tbe added blood, and there are 
still others whose blood acts like an acid upon the blood which 
Is poured into It, dissolving and destroying the red corpuB<.'les. 
An organ borrowed from an individual whose blood la very 
different from that of the Individual in which it is planted is 
naturally certain to die, since Its nutritive environment is sud- 
denly changed. On the other hand when the transplanted 
organ finds the same conditions which governed its previous 
life It continues to live In a normal manner. The success 
of tbe grafting depends therefore upon tbe alBnity of the two 
creatures, upon tbe {ype so to speak to which they both 
belong. These ideas naturally led me to the conclusion that 
this affinity would be found especially among the members 
of the same family. In place therefore of selecting animals 
at chance, I undertook a series of experiments between re- 
lated animals; these experiments were made at the Ollnlque 
Sainte-Marguerite, where I was assisted by Prof. Hobbs, Dr. 
Momtaltl and Dr. Roaanoft^ and the Veterinary Surgeon, 
Buquenx. My first subjects were sheep, selected because eh^ 
herds are commonly very familiar with tbe relationship of 
the animals and their flocks. I had the immense satisfaction 
of finding my hypothesis confirmed by these experiments, and 
In 1912 1 was able to present before tbe Qpngroes of Snrgery, 
held in Paris In 1912, transplanted organs exhibiting perfect 
vitality at the end of two years. In 1918 I was able to give 
a ocuvlnclng demonstvatloo of tbe tmth of my theorj’ by ex- 
hibiting at the International Oongreea of Medicine a land) 
which has been conceived by a ewe, whoge reproductive organa 


bad been transplanted from her sister sheep after her own 
had been removed. 

“Since the conditions of successive grafting even of com- 
plex organa has thus been demonstrated, the biological oflln- 
ity should always be songht for, either in members of tbe 
same family, or In individuals not related, but in whom 
bl<doglc affinity haa been detected by the examination of the 
blood. It is ^vlons that' success is still more certain when 
It Is possible to take the graft from the Individual Itsell 
since ttie transplanted organ then continues Its existence with- 
out tbe diange of previous conditions of life.” 

Having thus proved his theory by animal experimentation 
Dr. Voronoff proceeded to undertake human grafting. I&ortly 
before the outbreak of the war he reported to the Academy 
of Medicine In Paris a remarkable case wherein he Improved 
tbe condition of a child who was Idiotic because of the atrophy 
of the thyroid gland by grafting upon It a thyroid gland 
of a monkey, and a still more remarkable case where he 
grafted a portion of a thyroid gland of a mother upon her 
son with remarkable results. The latter, a youth of twenty, 
resembled a child of ten In appearance, having been bom 
without a thyroid gland. He bad remained small, fat, with 
a neck sunken In bis shoulders and tbe cretinoid face nhieh 
recalls an animal. This boy, dull and apatbetic, able to 
pronounce only a few Intelligible words, and hiding in com- 
ers like a frightmed animal, presented a painful contrast to 
his brother only a year older, but a big vigorous fellow fighting 
bravely at the front. In 1915 the mother, a strong and intel- 
ligent woman, gladly consented to have a portion of her own 
thyroid gland removed and grafted upon ber son. The op- 
eration was highly successful, and at the end of a year an 
absolutely marvelous change was found In the afflicted youth. 
He had begun to grow, gaining sixteen cmtlmeters (ov«!r 6 
inches) in tbe year, bis head was no longer sunkm between 
bis shoulders The bloated look had disappeared; best of 
all his mind bad been awakened. He was able to talk dis- 
tinctly and he is at present earning bis living by working 
in a bakery. 

Dr. Voronoff says further: “These facts, together with 
many others of a leas general character, such as the trans- 
plantation of foetal membranes, wblch I employed to restore 
tbe skin, and the facts published by Delbet, Tnffler, Walther, 
Vuttner, Lexer, etc., contributed to create favorable opinion 
toward the project of enabling our wounded men to profit by 
this new acquisition of sdence. In December, 1914, four 
months after the beginning of the war, tbe 'Service de 
Santo,’ created at the Russian Hospital In Bordeaux, of wblch 
I was then In charge, a section of osseus grafting. The 
hospitals of the eighteenth Itoglon were invited to send to 
this section all their wounded men suffering from leslmis 
aopompanled by loss of tH>ne. Later In June, 1916, when the 
‘Service de Sant4,’ with the assistance of the generous philan- 
thropist. N. de Spotumo-Ooty, had created a hospital espa- 
dally devoted to grafting. Auxiliary Hospital No. 197, and 
Paris hospltaM were likewise Invited to send there such 
wounded men as mti^t be asslstkd by grafting. I tlierefore 
received a large number of men having wounds of this descrip- 
tion, wounded men Whom my colleagues had been wise enough 
not to subject to amputation even in cases where arms and 
legs were hanging like rags. In this new surgery there was 
still much Investigation to be done as to the best instraments, 
process, operative conditions, etc. In times of pcare the 
Borgmy of grafting was of too recent a date and Its field was 
too narrow to have been fully systenMtized. The only subjects 
wbldi bad been conceived by a ewe, whose reproductive organs 


807 



308 


SCIENTIFIO AMERICAN MONTHLY 


Ami« 18S)0 


i 

those sufferings from tumors of the bones, and even In these 
cases the employment of grafting was very exceptional 8ln(*e 
the minds of surgeons were still imbued with the ancient 
ideas which inclined them to practice amputation whenever 
the continuity of the bone was interfered with for a conoid* 
erable length. The first problem is to decide where to take 
the graft; as I have said, it is necessary that those grafts 
should find the same nutritive environment, and the same 
blologioal conditions in the new host, which they previously 
had. When the wounded man Is able to bear It, the best 
thing therefore is to take the needed fragment of bone from 
his own body. At first the idea seems paradoxical, since Iho 



FIO. 1, FRAmURE OV TTfE UPPER THIRD OP THE XjTSPT 
TVBIA (8U1N BONE) WITH* A LOBS OF 4H INCHES OF BONE 
Entered hoepltsl 40 days after receiving wound, bis leg being 
Immobilized In a plaater cast 

proposition is to repair a fractured leg or arm by breaking 
another bone of the wounded man. Ilappily tlie reality is less 
tragic than it seems. Nature has thoughtfully given us n 
bone which we can dispense with, without suffering any In 
convenience. This is the fibula, that thin but solid bone which 
is able to bear a weight of 70 kilos (154 pounds) without 
breaking, and whi<^ is fastraed to the tibia. Our body is sup- 
ported by the femur which Is Joined directly to the tibia and 
not to the fibula, which we retain as a vestige of an ancestral 
condition, and which we can dispense with without trouble, at 
any rate without its upper part. Moreover, there are inan> 
animals which are excellent runners and yet do not possess this 
bone. When taken from the invalid himself this bone natural- 
ly finds the some vital conditions to which it Is accustonuMi, 
and it Is grafted with great ease in the new area to which 
it to tranplanted. Placed between parts of bones which arc 
larger than itself, sucii as the femur or the tibia. It not 
only welds the broken parts together but it becomes larger 
Itself, becoming indeed almost as large as the femur or tibia, 
thanks to the iimre abundant nutrition which It receives 
from the bigger blood vessels in Its new position, and tbanks 
also to the marvelous adaptability of every organ to its new 
function. This growth in volume naturally requires a cer- 
tain length of time, sometimes a year or longer. But this 
bone is not the only one which can be used as material for 
grafting. The graft Is often borrowed from the tibia, by 
cutting a piece of a certain thickness out of it, especlany to 
repair an am The tibia Is such a thidc bone that it 

can stand such a loss without injuring ito solidity; In fact, 
the wounded man who has bad a piece of bone borrowed from 
his leg to mend hla arm Is able to get ont of bed and walk 
without trouble ten days after the operation. In other oases 
1 have borrowed a boney fragment to flu in a fractured bone 
from the longest fragment of the Injured bone Itself, and in 
my 'Treatise Upon Human Grafting,* In which I have de- 
scribed the development of grafts In various wounded men. 
there are radiographs and photograi;iho of the patient to 
whom 1 aimlic'd this process with perfect results, I hsve 
found that the 'autograft/ that Is a fragment of bone borrowed 


from the patient himself always gives exotflent results in 
certain conditions. It is quite possible to graft bone taken 
from another Individual or even from an animal, bat under 
such condltioas the result Is less certain." 

Dr. Voronoff even makes the startling statement that it 
is quite feasible to borrow bones from dead men to mend 
those of the living, tince the death of the individual threugh 
the stopping of the heart and the cessation of the dreutatton 
of the blood does not cause the immediate cessation of Hfe 
in all the organs. These continue to live for a certain length 
of time before ^leoomposition sets in, the period varying 
with the dbllcacy of the structure. Dr. Voronoff states that 
bone survives for eighteen hours after the general death and 
when removed before this time has expired, it retains all the 
proQperties of the bone cut from the living individual, and may 
be used to repair fractures In the wounded man. Be says: 

"Bones of animals can likewise be employed, and some 
ten years ago I was able to transplant a piece of bone cut 
from the Shoulder blade of a sheep under the Influence of 
chloroform into the skull of the pati^t whose occipital bone 
had been partly destroyed by a tumor of the brain. After 
removal of the tumor the breach In the bone was filled in In 
this manner, and six months after the operation tfhe skull was 
In perfect repair. In this case, however, I was able to prove 
that the sheep bone did not form a true graft upon the 
human bone, but that it was little by little dissolved and ab- 
sorbed; but as fast as the cells of the sheep bone disap- 
peared they were replaced by osseus cells coining from the 
human bones in the midst of which they had been Implanted. 
The bone of the sheep, therefore, served merely as a scaffold 
which the human bones made use of in order to construct the 
now bone. It is passible, therefore, to make use of the bones 
of animals as a provisional living substance In order to 
form a sort of bridge between human bones, by means of 
which the cells of the latter may eventually Join eadi other 
and become solidified." 

It is very important, however, says the surgeon, that the 
tissues should be healthy In order to secure the success of 



FIO. 2. X-RAY PICTUfRE OF FIO. 1 SHOWING UOSB OF BONE 


the graft. Unfortunately, wounds received in battle are al- 
ways Infected, and while in this condition the transplanted 
fragment of bone will itself begin to suppurate, hence no at- 
tempt at grafting should be made until the wound is com- 
pletely healei), and there to not the slightest particle of pus 
remaining. Bven so the graft cannot be undertaken Immed- 
iately since it has been proved that even the healed wound 
retains within its depths for several months thousands of 
latent microbes, which are capable of being revived and 
producing fresh auppturaiion if the old wound is opened too soon. 
Dr. Toronhofl states that his experience has obowa that it to 
necessary to wait from eight to twelve mointie on an average 
after the wound has been healed before attempting the graft 
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It t« Also vet 7 tmporU&t that the transplanted bone riionld 
be placed within the breech without the help of any foreign 
body, such as metal plates, wires or hooks. This is done by 
catitlng the transiilanted piece longer than the breach to be 
Ailed and spllclUlg its ^ds into the ends of the broken 
bone. By procMtng thus excellent results are obtained. Dr. 
Morestln, who speotalliK^ in wounds of the face, has ob- 
tained really remarkable results by the grafting of bone and 
cartilage taken from the ribs, thus rebuilding broken jaw 
bones, and replacing the bones of the nose and eye sockets, 
etc. Skin grafting is also frequently practloed among wounded 
men who have suffered the loss of large areas of 8kln.> With- 
out skin grafting many months would be required for the 
healing of such wounds, and the wound would tlien be covered 
with thin bard scar tissue lacking the Aexlbility and elasticity 
of the true skin. Moreover, said scar tissue often produces 
retraction of the limbs, giving them awkward and painful at- 
titudes, or it may press upon the sensory or motor nerves In 
such a way as to cause inertia or interfere with the movement 
of the limb Skin grafting <hi the contrary enables the sur- 
geon to produce a smooth Aextble perfect cutaneous covering 
in a comparatively short time. Dr. Yoronoff has made use 
of skin grafting particularly for covering the stumps of legs 
which bad been amputated In the ambulance. Such ampu- 
tation is often done by the blow of an axe, leaving the stump 
quite uncovered by skin. In such cases after several months 
of suppuration the stump is covered by a thin and uneven 
layer of skin tissue, which is very senstltlve and badly 
adapted to support an artlAclul limb. By means of skin 
grafting these large wounds can be completely covered with 
supple thick colorless skin in two weeks or less 
Dr. Yoronoff states that be has not yet made a graft of a 
Joint, although there are many cases where wounded men 
have had the joint entirely destroyed, and where the use of 
the limb might be saved by the transplanting of a joint from 
a recently deceased corpse. But since such an operation would 
be unusually delicate and difficult, it is necessary to experi- 
ment upon animals l>efore atteraivting to practice upon human 



FIG. S. X-RAY FICTITIIB ONE MONTH tiATBU, SHOWING 
AUTOGBNOISS OBAPT TAKEN PROM TIBIA OP 
THE RIGHT LEG 


subjects. A very large number of such experiments were 
made by Dr. Yoronoff during a period of a year at the Physio- 
logical Station of the College de France, and were described 
by him before the Blollgioal Society of Paris. »Dogs which 
had bad a new foot joint grafted on were able to run, walk 
and jump six months later without anything to indicate that 
they had a new joint instead of the original one. On exam- 
ination the articulations were found to be quite supple and 
well nourished by the blood vessels of new formation. The 
cartilag^ was Aexlble and foovement perfect, '^ese happy 
results pemit ds to hope," says the surgeon, "that we night 
beneAt odi^, wounded men in slinilar mann^. But nooe of 
these grafts, whether of bones, Joints, skin, tendons or nerves, 


can be applied on a large scale until after the war, sLoce, as 
I have stated, the wound must be entirely free from ancient 
septic centers. Moreover, these grafting operations should be 
undertaken only In hospitals into which patients with sup- 
purating wounds are not received. Since the transplanted 
fragments have diminished vitally until they form the proper 
connection with the blood vessels of the new organism, the 
slightest Infecticm will cause them to die." 

While there are tzuiny thousands of men crippled by the 
war, this eminent surgeon holds out the glorious hofio that 



FIG. 4 RBSUIfTS OBTAJNBI), SHOWING SCAR OF 
VORONOFirS INCISION 


a large malority of them may be restored to active life by 
such operations as he has here outlined. He says Anally; 

"During the war Uie most urgent cases only can be treated. 
Above all the lives of the wounded men must be saved; but 
after the war it will be our task to restore those men to 
health and usefulness. Ten years of continuous effort will 
be necessary to combat and modify the subsequent effects of 
wounds. Functional re-education and physiotherapy will cer- 
tainly be of great service, but It will be grafting which will 
he most important of all. Bones will be grafted on to re- 
construct Jaws and eye sockets, and to make legs and arms 
serviceable; Jaws will be grafted on to replace those nhich 
have been destroyed; skin will be grafted on to remove 
the dlsAguratlon due to scars; tendons will bo grafted to 
remedy contraction of the Angers; nerves will be grafted to 
cure paralysis of the llmibs, and teeth and hair will be grafted 
to re-establish the harmony and beauty of the organism. 
Modem science can and must be bold enough to undertake Ibis 
task. Humanity in its ascending evolution acquires new crea- 
tive forces, and we shall become more and more the muster^ 
of our own bodies” 

CURING SPANISH INFLUENZA WITH TURPENTINE. 

The so-called Spanish InAueiiza whose ravages have been 
general in America as well as in Europe, and which is said 
to have claimed m<we victims among our own troops than all 
the deadly missiles of the enemy, has naturally been a sub- 
ject of much discussion among medical men the world over. 
As usual the doctoral do not always agree. In a report read 
before the French Academy of Medicine, Dr. Beaancou made 
the statement that the pneumococcus is the microbe princi- 
pally concerned. A fortnight later (August 27, 1018), Dr. 
Ortlconl and Dr. Antoine declared before the same body 
that In a certain grave cases, at least, the present epidemic 
may be regarded as a new malady, characterised by the pres- 
ence In the blood of a i)ocullarly resistant variety of Pfeiffer*s 
baclUus. Since Dr. Ortlconl is the director of the laboratory 
of epldemology in the French Army, and Dr. Antoine's <rfAce is 
that of consulting physician, they are probably correct as 
to the most fhtal form of the disease. It is gratt^ng to learn 
that a new and slihple form of treatment has been marvel- 
lously successful in curing the most severe and apparently 
hopeless casea. This treatment consists in the Injection of 
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a few cubic centimeter* of pore tmpentlne Into tbe fleeb ot 
the patient Solid maases of muecle, each a* the thigh or the 
calf of the leg are eelected for the operatton. The Immediate 
effect produced by the turpentine is the appearance of large 
aaeptic abeceseee which cauee a ao-called “fixation" of the 
deadly germ. Whatever the metdiaulem of the curative' action 
of the turpentine, the reeults are »ald to be truly marvellon*. 

Strictly speaklDg the remedy la not new though the preeeot 
application la a fresh revival. According to Francis Marre, 
writing in La Correapondenee (Parle), Professor Fauchier of 
the University of Lyons made a practice ot the systematic in^ 
jection more than twenty-five years ago of turpmitina Into the 
thigh or the calf of patients suffering from serloug cases ot 
pneumonia or septicemia, explaining to tbe students who 
atended his dlnios that be did this for the purpose of causing 
the formation of aseptic abscesses of fixation or of derivation. 


HOW AGE AFFECTS THE RESPIRATION OF LEAF 
CELLS. 

A Fnancu botanist, M. Maurice Bdzagu, has.recMtly been 
making some studies of the interchange of gases or “respira- 
tion" of the cells of leaves and 'has made tbe IntetWting dis- 
covery that this process is affected by the age of tbe leaf. 
At tbe meeting of the French Academy, September 22, 1919, 
he made the following report of the results of bis researches 
upon this question : 

The various plant physiologists who have devoted them- 
selves to the study of this question have reported the respira- 
tory intensity of the carbon dioxide liberated during one 
hour, as being equal to 1 gr. of "cool" weight. They have 
thus proved that the respiratory activity steadily decreases 
as the leaf develops. The same thing is said, to be true of the 

ratio ^^of which M. Nicholas has recently made a study 

(Revue f/dndraie de BotaMgue, Vol, XXX, No. 83S, 1918). 

I have undertaken In my own researches to report the res- 
piratory intensity, not in the gram-hour, a purely physical 
unit, but In the physiological and histological unit, the cell, 
during its respiration for a period of one hour. To this end 
I have related the respiration to the organ-hour, previously 
formulating tbe following hypotheses: 

1. Two adult leaves of the same spodes and having surfaces 
practically equal possess the seme number of cells. 

2. This number Is the same as that of tbe young leaves 
which hove not yet attained their final dimensions, but in 
which cellular division has completely ceased. This latter 
supposition may be regarded as highly probable If ws confine 
our observations to species in which It has been shown that 
the leaf develops very regularly and reaches, as a general 
thing, an area of surface which is practloelly always the 
same when in tbe adult state. 

I have taken as the subject of my experiments the leaves of 
the RotirUa pteudaoaoia, Pinua ailveatria, Ooboea actmdena, 
Liffuatrum vulgare. Althaea, Lorogloaaum hirclnum, Cerda 
aMguaatrum, and’ obtained the following results : 

1. The rosplTatory intensity of tbe cell, whlc)i is very slight 
in the young cells, steadily Increases up to a certain maxi- 
mum which corresponds practically to the moment when the 
leaf attains its full development; as the leaf ages the respira- 
tory Intensity gradually decreases, 

Thus at 28*0. a leaf (having six leaflets) of Coboea acan- 
dena, weighing 0.105 gr, liberates 0.147 ccm. of carbon dioxide; 
an older leaf, weighing 0.995 gr., liberates 0.499 ccm., an 
adult leaf weighing 1.757 gr. liberates 0648 gr., and finally an 
old leaf, weighing 1,512 gr., liberates only 0.45S ccm. The 
quantities of oxygen absorbed equal respsctlvely 0.143 ccm., 
0.626 ccm., 0.703 ccm., and 0.629 ccm.; these fibres form a 
curve of the same outline as that which represents the carbon 
dioxide with tbe maximum at the same age. 

In the same way two opposite leaves of the Ltguatrum vuU 
gore taken at different nodea liberate in a tingle hour the 
following amount of carbon dioxide; for a welf^t of 0.047 


gr. 0X)14 cem., for 0.440 gr. 0.119 oon., for 0l860 gr. 0918 ecm., 
and tor 0972 gr. 0.186 ocm. 

In rdatlng, these results to ths gram we ate able to verify 
the known resuka, namMy, ifutt the reaplTatoty totemlty de- 
creases wUh age, 

2. The resplmtory quotient of leaves^ which la vary slight 
when they are jwang lo cre a s a a very rapi^ up to a maxim u m ; 
thmi It decreases very riowly until the adult state Is reached; 
and finally, it oontlnuea to decreass regularly after ths leaf 
has attained Its final dlmemloon. 

fi^us in my experiments 'With the Robtula paeudaaacta 

starting at 0.60 increases up to about 1 (In one case It was 
1.04 and Iq another It was 090), then decreases by very digbt 
amount for leaves taken at succesrive modes. 

The Lorogloaaum shows the tame rate of progiW' but the 
maximum Is only 0.68 wbtls Id Ihe ZAifuatrum It Is 0.84. 

It Is evident, tbereton, thud there Is a maximum in the 
variation of the reeplratovy quotient a result whiffii had not 
hitherto been Shown by any author^. There are doubtlesa 
two reasons for tbe failure to note this toct oh the part of 
previous observers— -In the first place they failed to expertment 
with leaves sufficiently jlonhg, whereas It Is only tbe very 
young leaves in which It Is possible to Observe the abruptly 
ascending ‘portion of the rei^resmitatlTe curve; and secondly. 
Investigators have ordinarily conducted tbdr experiments nptm 
only two classes of leaves — ^yonng leaves and old leaves, thus 
liavlng only two p<dntB of observation in each series of experi- 
ments, a number Insufficient to determine the curvA 

It should be noted that the respective maxim of the In- 
tensity and of the respiratory quotient correqtond to very 
different periods In the evolution of the cell ; the first. In toot. 
Is attained by the follary cells which have fully reaiffied the 
adult stage, while the second Is manifested In very young 
leaves. In the bud, or shortly after the opening of the latter. 


SUGAR AND ALCOHOL FROM THE NIPA PALM. 

Thk BuUetin of the Manila Bureau of Sdeneea has recently 
pubUshsd an Interesting account ot the possibilities for tbe 
production of sugar and alctdiol which reaide in the Nlpa palm 
which grows- In marshy territory and near ths months of 
rivers occupying vast areas In the vtdnlty of Manila Bay and 
al<mg the coast of other Phllim>lne provinces. The leaf of this 
palm Is used for roofing the huts of the natives, while the 
fruit Is eaten either raw or preserved. 

No Incision is made fn the tree until It has reached tbe age 
of five years. The juice Is then collected through a period 
of six months, from July to December, In bamboo tubes 
holding two liters each. It is estimated that 86,000 litera of 
Juice per hector can be collected slnee one hector will grow 
2,000 trees, each yielding about 48 liters. From this anwunt 
of Juice the minimum yield should he 5,000 Ittera of 95 per cent 
alcohol. According to the Far Bastem Review, Mr. Qlbbs, a 
chemist asfodatod 'With the Bureau of Sciences, predicts a 
most Important commercial fntnre for both the alcohol and 
tbe sugar made fronrghe nlpa palm. 

In the present State of affairs the sugar wht<ffi can be pro- 
duced from the nlpa Is, perhaps, of the greatest Interest In 
testa made at Manila by Mr. Gibbs, 4 liters of nlpa Juice sub- 
jected to suitable chemical processes, yielded 286 gr, of sucrose, 
which after bdllng and drying produced white ciystala of 
excellent grain weighing 167 gr. and polatlalng at 96.8. The 
molasses upon being boUqd yielded 79 gr. of yellow sugar 
polarising at 98.8. The second molasses of tbe same 'eoliw, 
measuring 29 ccm., polarised at 58.6. These results in Mr. 
Gibb’s opinion make it certain that tiie nlpa will prove a 
profttoMe source ot sugar. He estimates tiiat ths cost of 
refining should be oonsldeiably less than with sugar cans. 
Ottier tnwloal plants of vsIua though hi a Is« degree f<nr 
the production of engar, alcoh<d and vinegar are the oocoanot. 
the bail pelm and the soger palm. 



The Arts of Imitation Among Animals 

How Far Are They the Product of Instinct and Observation? 


E VBBYBODY ha# observe<l the amusinf manner In which 
young animals Imitate their elders. ^^Such Imitations 
suggest the query as to how far they are the product of 
instinct and to what eittent, on the other hand» that of ob- 
servation. In a recent number of La Nature, M. Henry Ck>upin 
collates some entertaining examples to show that the latter 
faculty is frequently employed among various animals. He says : 

An excellent method of studying the principle of “Imitation** 
is quite simple, consisting merely in the rearing of certain 
anlmali^ by parents belonging to another species, and then 
observing the degree in which the behavior of the young ones 
varies from that which is their by heredity. For example, 
everyone is familiar with the graceful gesture with which cats 
lick the paw and then pass It over the face. No stmilar gesture 
has ever bebn observed in dogs. However, puppies which 
have been suckled by a cat act in the same manner and even 
borrow various features of their bobavior from the male cat 
This fact was noted many years ago by Audouln and has since 
been confirmed by many others. Durau Malle speaks, for ex- 
ample, of a terrier belonging to him which had been raised 
from the time of its birth with a young cat some six weeks 
older than Itself. Until it was two years old the terrier was 
hot in the company of any other dog and during this time 
it was accustomed to Jumping like a cat, to rolling a ball, to 
playing with a nmuse with its forepaws, to licking its paws, 
and to scratching Its ears. Moreover, it appeared to dislike 
animals of its own species, and if a strange dog came into the 
garden where it was it chasiHl the latter promptly away. An- 
other observer, Prichard, also mentions a dog which had been 
raised by a cat and had been taught by Its foster-mother the 
art of licking Its paws and washing its face Dr. Routh also 
cites the curious case of his own dog, a King Charles spaniel, 
which had been suckled and reared by a cat from the third 
day of its birth. Like the cat the spaniel was afraid of rain 
and would turn aside from its path to avoid a damp spot In 
the road. It sat upon Its tall as cats do, licked Its paws two 
or three times, and then washed its muxzle with them. It 
would likewise remain for hours together on guard at a mouse 
hole. . . . Another lover of house animals, C. H. Jeens, tells 
of his dog which had been nursed by a cat from the time it 
was a month old, end which not only was in the habit of 
killing mice, but what Is far more curious treated them in the 
same manner, letting them escape and then recatchIng them 
repeatedly for sevCTal minutes. 

Schleitlein speaks of a spaniel which was In the habit of 
closely watching its master with the evid^t desire to render 
him a service ... ; if his master picked up a ball to play at 
skittles, the dog likewise seised one and seemed chagrined at 
being unable to bite It. When his master collected stones for 
hfs collection the dog also picked up pebbles. If the master 
began to dig the dog promptly followed suit with his paws. 
When his master sat at a window to gsse upon the view the 
dog leaped up beside him and likewise gased out When he 
saw btts master or the cook carrying a stick or a basket the 
dog made known his desire to do the same. 

K. Oroos coQsIdeni it to be evident — though the matter is 
disputable — that there is a certain quality of imitation in the 
howl of a dog which listens to music. “It should be noted,” 
he says, *‘that a dog who accompanies a piano with his bowls 
Is^ always forced to listen to the music, but remains In the 
r<!K>in of his own accord. I am very far from believing that the 
howl of the dog^ls always a sign of dlspleasure^-as a mattw 
of fact it Is Just at this time, that is, when he accompanies 
the music with his bowl that it seems to me that he uses his 
voice with the most pleasure and sett One might also men- 
tion pertafai iterated cases In which theie may be thought riiat 
there was evte an imperfect Imitatioo of the air. However, 


it is easy to be the victim of an illusion as regards this. One 
of my friends, the curd A. Freiber, living near Eppingen, pos- 
sessed when a student a female spaniel, named RoUa, which 
he was accustomed to exhibit to his friends. When, for ex- 
ample, he sang the Lorelei in a falsOtto voice the dog accom- 
panied the air with howls and one soon became able to perceive 
quite plainly that the voice of the dog followed the varieties 
of the tones in some degree. . « 

The spirit of imitation is still bettdt developed in monkeys 
. . . examples of this are abundant. We will cite one which 
is not very well known, related by Fr. Elleejidorb, concerning 
a small black monkey with a white head from Costa Rica. 
**The first day that he was in the room, he seated himself 
in front of me at the table and examined everything he found. 
He finally came across a box of matches which he soon du^ 
ceeded in opening. He smClt them and threw them upon the 
table. I picked up one, lit it and showed it to him. Be opened 
his small eyes wide with astonishment and gazed at the fiame 
fixedly. I lit a second and a third and handed them to him. 
He" held out his hand hesitatingly, took hold of the match, 
held it before his face and gazed at It with astonishment 
When the fiame came near bis fingers, he threw the match 
down. I closed the box and put it upon the table thinking 
he would immediately take possession if it But he seated 
himself opposite it and looked at it and smelt it from all 
sides without daring to touch it; then he approached me, 
rubbed himself against me and made signs full of astonish- 
ment as if he said “What is that?” He next returned to the 
box, turned it every which way and finally succeeded in open- 
ing It, but carefully avoided touching the matches.* He 
seemed anxious and doubtful, walking around the box, and 
then returning to me as if to make some Inquiry. I lit a 
match and handed it to him. When it had burned out he took 
one himself, scratched it upon the cover of the box, and 
turned the latter upside down. Shortly after he turned the 
box over again with the prepared side on top and scratched 
another match, but since he had seized the match from the 
wrong end 1 turned it for him; he then began to scratch it 
on the box until it caught fire whereupon he exhibited great 
Joy and excitement. He thereupon seized a handful of 
matches and scratched them upon the cover until they lit,*' 
Romanes’ sister tells another story worth quoting with re- 
gard to a brown capuchin monkey. “One day when he had 
broken his chain he went up to a box in which nuts were kept 
for him, looked for the key and fingered the lock, whereupon 
I handed him the key. For the next two hours he tried to 
open the chest, but the lock was a little bit strained so that 
in order to open it it was necessary to lean on the cover; for 
this reason I thought It would be impoesible for the monkey 
to open It. He finally succeeded In getting the key Into the 
keyhole, turned it in both directions and after each attempt 
endeavored to lift the cover. All this was evidently the result 
of kl* observation of human beings as Is shown quite plainly 
from the fact that after each failure to get the box open, he 
funhled about the lock for a number of times with the key. 
This Is explained by the fact that my mother, owing to her 
poor eyesight, was obliged to fumble with the lock a nun^r 
of times before being able to insert the key. The monkey evi- 
dently believed that this fumbling was indispensable, though 
It was quite useless so far as he was concerned, as he was 
perfectly able to insert the key in the lock. 

Among other examples of imitative acts might be cited 
sbe^ . . . dephants (in which case domesticated animals 
are employed to educate wild captives), many bears, martens, 
parrots, etc.; but the instances given above are sufficient to 
call attention to the matter and engage the interest of the 
observer. 



Artificial Parthenogenesis and Cell Stimulants* 

Similarity Between the Regeneration of Wounds and the Phenomena of Reproduction 

By Prof. Dr. Method! Popoff 


T he eloae observation of 
tbe life processes of the 
free-living cells has made 
lau>wn to us i>ecullar conditions 
occurring therein under which 
the phjwioioglcal functions of 
the cell undergo a disturbance^ 
coming indeed to an almost com- 
plete cessation of function — and 
then after the lapse of a certain 
period of time resuming their 
nmrtml course. These conditions 
of retarded functioning— the con- 
ditions of depression as they 
have been strikingly called by 
Oalkins-^re particularly easy 
to perceive In the protozoa 
(Maupas, Hertwig, Pop^, etc.) 

Just before the commencement 
of the sexual processes. The 
latter usually begin to make 
their appearance precisely dur- 
ing the period of the so-called 
**senllo degeneration’* ( Maupas ) 
of the cells, In other words, the 
period of a phystologlGal depres- 
sion (Hertwlg). Through the 
begfoinlng of the sexual proces- 
ses or else through other regu- 
lating processes, the cells suffering from depression are re- 
juvenated and have their vital capacity restored. 

Starting from this basts 1 have expressed the opinion In 
a number of publications that the aforesaid physiological 
oondltlon is not only cliaracterlstlc of the free-living ceUs, 
but also of the sexual cells of the metazoa* i. e.* that the cells 
of all those organisms of a higher order than the protozoa 
are also subject to a similar pbyslolglcal depression. As a 
matter of fact when we examine more closely the processes 
of development of the sexual cells, or germ cells, of the 
metazoa* we are immediately struck by the fact that after 
a series of complicate^ altera^tions the germ cells finally ar- 
rive at a peculiar physiological condition, In which ooudltion 
there Is a disturbance of their vital processes. This disturb- 
ance finally becomes so great that the sexual cells* even under 
the most favorable conditions, finally and inevitably perish. The 
sexual cells die through the mere alteration undergone by 
every cell of the organism which has ended its course of life ; 
in other words, the sexual cells perish through a profound 
physiological depression. 

The exception of this vital process of the germ cells ex- 
hibited by the normally parthenogenetic ovules or “eggs'* Is 
only apparent. It Is true Indeed that such eggs exhibit great 
tenacity of life throughout an entire series of generations* 
since constantly produce new generatitma without the In- 
tervention of the regulating process; however, even in the 
case of these cells conditions finally arise whidh cause them 
to be incapable of further spontaneous development. When 
they arrive at this phase of their development they die* by 
reascm of a profound physiological desHessloD. In the absence 
of any regulating process. 

This course of the life of the germ cells-^whether they he 
protozoan ceils* differenttlated sexual cells of the metasoa* or 
normally parthenogenetic egg-cells— indicates that these cells* 

•Translated from the ntologtooSaa Cesiralbtatt (Letpalff) of April 
20 * 1916 . 


exactly like the somatic cells of 
a nrnny-celled organism are sub- 
ject to oondltkMw of depressloo* 
which In the absence of regu- 
lating processes result in the de- 
generation and the death of all 
these cells. 

One of the regulation proces- 
ses which normally makes Its 
appearance in the sexual cells Is 
fertilization. Wtmi fertiliza- 
tion occurs the germ cell whose 
death Is otherwise inevitable re- 
ceives an impulse to evolution* 
and tlius by reason of its latent 
potentialities gives rise to a new 
organism. 

At the present time, however* 
we are faimlliar with cases In 
which egg-cells which normally 
require to be fertilised become 
capable of development without 
any previous fertilization. The 
name of artificial parthenogene- 
sis has been given to such i^e- 
iiomena. It has been proved by 
numerous observations and ex- 
periments that the regulating 
physiological effect of fertUisa- 
tlou can be almost entirely replaced by an extremely large 
variety of agents and that by such means those cells which 
are la a state of profound depression can be made once 
more capable of life and development. This brings us to 
the crux of our present question Hence I will here develop 
somewhat further the Ideas expressed in my volume entitled 
**EstperifnenMlen ZdUtudim IV.'* 

In 1886 Tldhomlroff treated unfertilized }>omhya ovules for 
a period of two minutes with acids such as hydrochloric and 
sulphuric acid or with purely mechanical atiinuU such as 
friction* agitation, etc. The ovules thereupon began to ex- 
hibit segmentation* beginning to produce small embyroa A 
your later O. and B. Hertwig succeeded in producing the first 
stages of segmentation in the ovules of the Btnmgylocmtra^uM 
by the application of certain chemioals (chloroform In 1887 
and strychnine* by B. Hertwlg in 1886). These observations 
furnished a starting point for a thoroughgoing Investigation 
as to the nature of the agents capable of producing the de- 
velopment of unfertilized egg-cells. It was found that artifi- 
cial parthenogenesis c^n be produced by the most various 
kinds of influences — for example, by the action of the chlo- 
rides of potassium* sodium* magnesium or manganese* by 
carbon dioxide by ammonia, by tannin* by varkms fatty 
adds* by sperm extracts* by serums* by treatment with xylol, 
with toluol* ether* etc. Furthermore, the alteratloii of the 
osmotic pressure of the surrounding medium* the aheCracUon 
of water, and the most extensive variety of mechanical influ- 
ences were also found to be Idthlp effective agents in the 
production of artllflclal parthenogenesis. 

The effect of some of these agents as* for examplei* that 
of the hypertonic solalions of alkaline liquids* or of 
abstraction of water* etc.* upon the egg Is so favorable that 
the latter can thus be stimulated to continue Its devdop- 
ment far bey<md the larval stage. As a matter of fhct 
Ddage succeeded Indeed to producing young sea-urchins by 
purely artifictal parthenogenesis. 


The author of the present article is a leen- 
knoum authority upon cell $tudy. At the time 
of writing in February^ 1016, he wan one of the 
phynUAann on the ntaff of the Bulgarian Mili- 
tary IlonpUal No. 1, at Skopfe in Macedonia. 
Through a coordination of the obnervaiicnn 
here made by kkn upon the woundn of noldiern 
with the results of hi$ previoun study of the 
functions of the germrcells and the somatic 
cells and of the phenomena of parthenogenesis, 
he came to the remarkable conclusion that the 
regeneration of wound tissues is similar in 
character to the regeneration of the germ cells, 
which results in reproductton. He furthermore 
declares it to be his belief that in both cases, 
i. e in the regeneration of the somatic cells as 
well as that of the reproductive cells the same 
cause is operative, namely, the stimulation of 
the cell. In the present study he gives a mas- 
terly resumd of the work done by such eminent 
authorities as Loeb and Belope with respect 
to artificial parthenogenesis, adding thereto a 
description of his own erperimenis and obser- 
vations by means of which he was led to the 
profoundly important conclusion that aU cells 
whether the somatic tissue cells of the individ- 
uals or the reproductive cells, and whether an- 
imal or vegetable, are alike subject to the same 
law of periods of depression and can alike be 
aroused from such depression by means of a 
great variety of stimuli. — Bmroa. 
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Tb« widest Tariety of ol>ini<K)fl prevails concernliig tbe na- 
ture and manner of tbe operaition of all these agents' upon 
the unfertilised egg-cell and with respect to the underlying 
causes of the phenomena of artificial parthenogenesis, mie 
first experimenter almig these lines, Tldbomirofl!, Is of the 
opinion that the egg-cell is capable of responding to all 
stimuli whateiFeTi no matter what thetr nature;, only tlirough 
a single specific reaction, namely, segmentation. Other au- 
thorities, BatalUon, Matthewi^ as also, and< still earlier, 
Loeb, Delage, etc., consider the abstraction of water from the 
egg-cell by means of hypertonic solutions or merely through 
the simple allowing of the egg to dry out, as, for example, 
when placed upon filter pai>er (Oiard) to be the most dedslTe 
stimulus in the production of the evolution of artificial par- 
thenogenesis. These Investigators hold with Matthews that 
in normal fertilization likewise, the abstraction of water from 
the protoplasm constitutes the original cause of the begin- 
ning of segmentation, since it Is a well known fact that both 
the male and the female pro-nuclei Increase in size during 
their growth by the absorption of liqulld from the surround- 
ing protoplasm. 

Other explanations that have been suggested as the cause 
of artificial partlienogenesls Include also the action of the 
ions of the reagents employed upon the egg-cell (Loeb), the 
effect of the alkalinity the alteration of the peripheral layer 
of tbe egg-cell by the alkaline and Upoid^lssolvlng reagents, 
the enzymic effect of the sperm extract, etc. 

From this multitude of attempts at explanation two have 
recently come into especial prominence, mainly, those of Loeb 
and of Delage — theories which at first fdance lie far apart 

Loeb takes as a starting point the following observations* 
experiment has proved that hypertonic solutions exert a 
strongly stimulating effect upon the vital processes of the 
egg-cell — In other words they are remarkably effective parthe- 
nogenetic agents. However, the cells produced though the 
segmentation of the artificially fertilized ovule would sepa- 
rate from eadi other and perish if other stimuli failed to 
appear. The cells produced by segmentation are held to- 
gether by the formation of an egg-membrane In the process 
of the artificially Induced development the formation of this 
f^-merabrane can be brought about by the brief action of 
reagents capable of dissolving lipoids and fats. By means of 
this process a portion of the superficial lipoid and fablayer 
of the egg is dissolved, the space thus formed by tbe exudation 
from the plasma is taken up and in this manner the yolk- 
membrane which is diaracteristlc of the fertilized Eohin4du$ 
egg is formed. The dissolved lipoid substances are employed 
for the nuclein synthesis whl<fit begins to take place energet- 
ically in the process of segmentation. Basing his experiments 
upon these observations Loeb has succeeded In fact in pro- 
ducing an extremely effective compound of Chemical agents — 
namely, fatty acids and hypertonic solutions (chloride of mag- 
nesium) — by means of whose use almost 100 per cent of the 
eggs treated were induced to develop, continuing this devel- 
opment beyond the larval stage. Delage's method of producing 
parthenogenetic development, which is likewise highly effective, 
Inducing the development of practically 100 per cent of the 
eggs treated, is based upon very different ob»ervatlons. Ac- 
cording to this authority living substance is a complex of 
albumens which compose a coloidal solution In an electro- 
lytic liquid medium. This colloidal complex Is in an unstable 
condition, so that the soluble phase and the Jelly phase are 
each near the critical point. The segmentation of the c^l 
is dtiaracterlzed by coagulation (i. e., tbe passing over into 
the Jellied oondltioo, the formation of the chromolones, the 
appearance of the mitotic figure, etc.) or by the solution (i e., 
the dissolving of the nudeal membranes, etc.) of some of these 
aHramena In Ddage's oplnloo, therefore, it must be possible 
to Induce the segmeotation ct the cell by Infiuaictng a ceil 
which Is 'tn a ntate of equIUbilum with chemicals which are 
capable of producing the serlea of co^dal tiaiMtormatioiis 
wbldi are dKoraotertotic of the aegmqptatton of the cell. 


Delage employs aiinmonin as an agent of solution and tannin 
as an agent of coagulation. By the influence of theae agents 
the transformations of the colloidal substance are once more 
set in operation and the cell consequently proceeds with Its 
segmentation uninterruptedly. 

All the theories here mentioned strive to Indicate those stim- 
uli which in the opinion of the authors are common to normal 
development and to that of artificial parthenogenesis. These 
theorii's take as a basic principle the concept con^rning the 
physiological condition of the sexual cells which is today so 
widely accepted — namely, that in the organism the sexual cella 
are tliose which have the greatest vital capacity, but which iti 
spite of this are subject at the end of their development to a 
retnarkable physiological condition of equilibrium or rest, 
•lust as the fertllfoation and the consequent transformations 
of the egg-cell forms a complex of phenomena limited to this, 
so likewise the effects of the above-mentioned agents of artifi- 
cial parthenogenesis produce specific phenomena comparable to 
the normal processes of fertilization and are applicable only 
to the sexual cell. 

I^t US now enquire whether this manner of looking at the 
matter can be really correct, and whether It can be made 
to agree with our knowledge of the general physiologic nature 
and conditions of the cell. 

As 1 stated at the beginning of this article — an idea which I 
have treated more extensively in former works — every cell 
in the entire organism arrives in the course of generations 
at a peculiar physiological state In which the vital functions 
greatly decline. This decline leads, little by little, to a grad- 
ual siesta or retardation of the phenomena of life, and finally, 
from purely internal causes, to the death of the end genera- 
tion of the series of cell dhalns concerned. The sexual cells 
do not escape these functional disturbances any more than 
other cells However, the sexual cells . . possess the power 
to rejuvenate themselves through a fundamental reorganization 
and again to bcome capable of growth and division. This 
n^gulatlng process is brought about by mtans of fertilization. 

According to this point of view how shall we regard the ac- 
tion of tliose agents which have ^own themselves capable of 
producing artificial parthenogenesis? As 1 have already said, 
the mature germ cells have arrived, aioordlng to the theory 
here enunciated, at a oondltion of depression of their vital 
functions. By means of the action of all of the above men- 
tioned changes the germ cells are rejuvenated. They are sub- 
jected to a process of physiologic regulation and in this manner 
they are again made capable of exercising their vital functions. 
In so far as the process of artificial parthenogenesis Is a pro- 
cess of cell rejuvenation it Is comparable to normal fertiliza- 
tion. Therefore, artificial parthenogenesis must also be a mere 
phenomenon of cell physiology falling within toe dominion of 
rejuvenation phenomena of the cell, und, as such, being of the 
greatest IniiKjrtance In gem'Pal with regard to our concepts of 
cell physiology. 

It is true that a different cell makes its appearance m the 
further development of toe rejuvenated germ cells and toe 
rejuvenated somatic cells. The genn cell (of non-dlfferen- 
tiated tissue) which is endowed with all tbe potentialities 
Of an organism, must necessarily, as a final result of its seg- 
mentation occasion the formation of a new organism. Where- 
as the ordinary tissue cells produce during the process of 
division, In the course of regeneration, for example, merely a 
specially differentiated kind. 

Starting with these theories I undertook a series of ex- 
periments to support them, which 1 will here describe. In 
Older to avoid repetition I will refer toe reader to earlier 
publications of mine {Bwperimentelle ZelMudien /F, Arch. /. 
ZMfor^ch, 1015, Z). Jfed. WooheniChHft, 1916, No. 42). 

1, Numerous reoearches coocemlng artificial parthenogeno- 
sia have shown that the hypertmilc solntlone of the chlorides 
of eodtum, magnesiuim potassitim, manganese^ etc., exert a 
very faTond>le regulating and attou l a ttn g action upon the 
germ ceUs. Theee experltfients (toow further that toe succeee 
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of Budi treatment depends not <Kily upon tbe liyjtertonie na* 
tare of the eolations but also npon their chemical composition 
— for not, all hypertonic solutions are equally effectlTe. There 
Is a marhed aupeiiority in the favomble stlmolatlng effect 
npon the mature egg'-cells In hypertonic solutions of sodium 
<diloiide (salt) and magnesium chloride. The percentage of 
development obtained from eggs treated wltil these solntions la 
almost one hundred. 

According to the hypothesis here stated, however, sudi 
hypertonic solutions must exert a general stimnlatlng effect 
upon all the cells of tbe body, and not a merely spedflc effect 
confined to the germ cells alone. In order to test this theory, 
I made tbe following experiments : It occurred to me that a 
very satisfactory object for my first test was afforded by plants 
In the condition of their winter rest If it were found possi- 
ble by this means to Induce plant cells In a conditlim of rest 
to undergo a premature development, this would furnish a 
proof that the above mentioned hypertonic eolations exerted a 
sthnolus upon cells In general. As a test plant I made \ue 
of sprigs upon an elder bush (Syringa vulfforit), since this 
plant, as 1 knew from earlier experiments, is nwre easily in- 
fluenced than others. 

On January 18, 1916, I took from the same branch three 
sprouts, whose winter buds were stIU dosed. In one of them 
1 Injected Immediately beneath the two end buds a 40 
per cent hypertonic solution of magnesium chloride (about 
% com.). In the second sprig I Injected la the same man- 
ner and at the same place a 40 per cmt solution composed of 
20 per cent of sodium chloride end 20 i>6r cent of magnesium 
chloride. A third sprout remained untreated and served as a 
control. All three sprouts were placed In die same glass 
which was filled with spring water and were kept at the tem- 
perature of the room, which varied from about 20* 0. by day 
to 10* 0. at night. 

At the end of a week a distinct difference was observed In 
the behavior of the centred and that of the two twigs being 
experimented upon. The former remained almost unaltered, 
while the twigs which had received the Injection had swollen 
and their protecting scales bad spread apart. On the eeventh 
day the injections were repeated in the same manner. Slach 
following day thereafter Showed a greater difference between 
the cmitrcd and tbe other twlga The latter were entirely opened 
out both at almost the eame time, and on the 9th day showed 
the Ups of the flower buds. On the 14Ch day as shown in the 
accompanying lllustratimi the experimental twigs had already 
reached a considerable degree of development (I and II), 
whereas tbe control (III) had increased In length but showed 
no open buds. 

This experiment shows what a strong stimulating effect is 
exerted by the hypertonic Injections which are employed to 
produce artificial pauthenogenesls upon somatic cells In a 
state of functional repose. In this case plant cells. My expert- 
tnents along this line were continued and extended. 

I also made use of the experiments of Weber, Jeeenke, etc., 
to support the results of the experiments Just described. These 
authorities likewise caused a premature sprouting of buds 
by means of Injections of weak solutioas of various salts 
(salts of sodium and of magnesium). 

This strikingly stimulating effect of the hypertonic solu- 
tions, pt the chlorides of magnesium and of sodium auggested 
that It would he highly dealrable to teet their effect upon the 
regeneration of wounds; if it were true, as supposed In my 
hypothesis that the agents employed to produce artificial 
parthenogenesis did not confine their aotton to the germ oella 
alone, bat behaved as cell excitants In general, then their effect 
woold be to produce a more rapid vegenetatlon of wounds. Tbe 
experiments made by me along this line gave very satisfac- 
tory reeulta 

A— I treated both deep muscular wounds spd exteaslve sa« 
peeflrial ones (from 10 to 2S cm. in length and from 6 to 10 
cm. la breadth) with a 80 per cent solutloa of hypertonte 
sodium chloride. Tbe deep wouiMs were thoroughly washed 


witii a orintlon ot oommon mlt or, when pomHile^ this woonOe 
we^ bathed In the hypertonic sriutkm for from 90 ndnutos 
to half an hour. Wounds wUch were at first la sa n-hmis 
conditloo and refused to graanlate somi soqalred s redfileh 
color whfle the granular tiaaae Ihoreosed In extant and the 
process of healing was hastened. A few exanvles wUl serve 
to Illustrate this: 

1. A large round wound of the heel 0 cm. la dtameter after 
making some progreaa torwarde healing came to a stop. The 
muscular tissue was o-tonlo and pole and refUeed to gtonn- 
late or form epithelium. The wound remnlmed for six woOks 
la this statkMiaiy condition. On January 28, a hypertonic 
8od>lum chloride solutkm containing also 0.5 per cent of po- 
tassium chloride and calrinm riiloride was applied. Shortly 
afterwards tiie wonnd assumed a red color and began to 
granulate. On Fri>niary 10, It was entirely healed oad cov- 
ered with eplthrilum. 

2. This patient had a fracture of the homoms from a gun- 
shot wound; he was operated upon for the second time on 
January 10. There were communicating wounds npco the 
Inner and the outer side above the elbow. The wound was 
treated with a hypertonic solution of sodium chloride on 
January 10. On January 25, the communication betwemi tbe 
wounds was rioeed. The outer wound filled up but there 
still remained a spot about 10 cm. long and 4 cm. wide which 
was not covmred with epithelium. The inner wound, having a 
diameter of 4 cm., still led into a canal about 8 cm. In depth 
from which there was a flow of pua It was treated with a 
hypertonic bath of common salt. On February 2, this wound 
also healed nicely without pua On February 14, both wounds 
were closed and covered with epethrilnm. 

B — ^Wounds treated with a solution of 15 per cent of 
magnesium chloride and sodium chloride also exhibited early 
granulation and fonuatliMi of eplthrilum. 

1. This patient had a bullet wound In the ankle, both the 
tibia and tbe fibula being perforated. On Jannaiy 26, the 
front wound was torn open to an area of 10 cm. long and 8 cm. 
wide; it was In communlcatloa with an equally large wound 
on the Inner side of the ankle. Both wounds were suppurat- 
ing. They were first washed with hydrogmi peroxide and then 
bound with a very wet compress (a solution of magnetlam, 
chloride, and sodium chlorides) for half an hour. On Feb- 
ruary 6, the oommuntcatkm was Inteumpted, thme was no 
suppuration, and the wounds were rapidly granulatiiig and 
had become almost superficial. On February 12, the wounds 
were almost closed, <mly a long narrow strip not covered with 
epithelium remaining. On Februa-ry 20, tbe wounds were en- 
tirely healed. 

2. This patient bad a fracture of tiie left femur In No- 
venAer. There was a second operatUm <m January 10. There 
was a deep wound 10 cm. long and 10 cm. deep on the front of 
the thigh; at the rear of tbe thigh there waa a aerate 
wound widely tom, 20 cm. long 6 cm, broad and 8 cm. deep. 
Both were suppurating. On the 11^ day, January 26, after the 
treatment with magnesium chloride and sodium ddmide, the 
suppumtloo Increased and the pus was mixed with blood. On 
Febraary 2, tiie rear wound had ceased to suppurate and was 
rapidly granulating. Pus still esme from the front wonnd 
but was mixed witir blood. From time to time the wounds 
were wariied out with hydrogen-peroxide and tbwi again with 
the solution of the chlorides of magnerium and eodlom. The 
wounds cmtlnued to granulate and on Fabmaty 8 the rear 
wound was in a very good condition being 4 cm. long and 8 
cm. deep. On Februay 22, the rear wound was dosed iriille a 
small <qiiMting leadiag Into a oanai 5 cm. deep still remained. 

C— Squally favorable eOeeta wUh regard to wound re- 
generation foUnwed tbe appUoatloa of tbe 80 per cent sdn- 
tkm of magneaban .chloride alone. 

(The oofhor hero deserihes three esses of serfeos wotmdo 
Umt troatod mhose iolatu It Is o a neoessa r g hero to mention, 
theoph It may be romarkod that |» one eata there mere par- 
Heatartp r em e rheMb rmolts lelth rm p ect to th# ha ah iiy of 
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icMoh wraolly are very tlote to recover,^ 

IlyuxoB.] 

Xn cU theM omm, m In other* \vliich mtIU be reCerred to 
IftteTi there wee AUooet no medioia emilloyed of an entl* 
aeiitlc end ttaroe killing cbaiecter. Only the wounds whldi 
were strongly suppurating wwe first washed out with hydro- 
gen-peroxide and Immediately thereafter treated with a 
hypertonic soltstlon. It shouM be remarked, however, that 
la some cases the magnesium chloride alone was not so favora- 
ble, being Mower in action. . . . The favorable effect of *ihi« 
solution is especially marked in clean wounds which can be 
allowed to grannlate and heal. 

All these experiments indicate that the bypotbeeis expressed 
above with regard to the general effect as a cell stimulus of 
the hyx>ertonk! agents employed to Induce artificial partheno- 
genesis is ccxrreat 

II. This hypothesis is strongly supported by the coincidence 
of the phenomena exhibited in artificial parthenogenesis and 
those of ceil stimulation observed in expeHments in which 
plants are subjected to tbe'lnfluence of ether. MolisCh, Johan- 
sen, Weber, et al. have found that buds In a state of repose 
can be Induced to sprout earlier when treated for a short 
time with the fumes of ether . . . the effeot of ether aa a 
stimulant to development is so marked In fact, that it has 
been successfully used In the art of horticulture. But ether 
is also an agent for producing artlfloial parthenogenesis 
(Matthews, 1900), and IS, therefore, to be regarded as a 
general cell sthnulant. This naturally suggested to me to 
test its effects upon the regeneratlou of wounds . . and ex- 
periments along this line met with surprisingly successful 
results. Since the use of pure ether or ether fumes upon 
wounds Is inconvenient I employed one part of ether mixed 
with three parts of sterUlaed olive oil. This mixture of oU 
and ether was either applied directly to the wound or else 
the wound was covered with a gauze bandage thoroughly 
saturated with the mixture, the bandage being changed dally 
or every other day. The wounds treated by me In this man- 
ner were mostly cases of freezing, i. e. Just those wounds 
wblMi as a usual thing granulate very slowly and heal with 
dlfllculty. 

Shortly after the beginning of the ether treatment, soon 
after the application of the second or third bandage, the wound 
was seen to turn red; shortly afterwards a healthy looking 
granulatton tissue appeared and was soon followed by revlvl- 
ficatkm of the surrounding layer of epithelium. After a 
short lapse of time, even after two or three weeks, very large 
wounds, wSilch had previously made no progress for weeks 
or even months, frequently closed ... It may be stated In 
fact, that the results obtained by the oil and ether treatment 
were the most remarkable In my whole series of experiments. 

IWo have not tpaoo to detetibe the striking results hero 
given in detail in the case of four wounded men, — ^Bonoa]' 

III. Meohanieal Stimuli, — Tlcbomiroff showed that silkworm 
sggs can be Incited to devMop when mechanically Irritated by 
brushing, stroking, shaking, etc. By agitation alone Matth- 
ews also succeeded In 1901 in inditing the developmeat of 
Asterias eggs up to the bipinnary stage. Ctonsequently, me- 
chanical etlsnill have also been regarded as a spedfic agent In 
the production of artificial parthehogcnesls. I uphotd this 
view. It Is a matter of dolly observatioa that callosities such 
as cmmsi the finger callouses of writers, etc., are formed at 
polnti where the eeUa are frequently subjected to mechanical 
irrltathm: this mechanical edmulus causes the cells to begin 
to divide, thus farming epithelial or dermal proliferations. 
In such cases the effect of m^ehealcal Irritation as a cMl 
stimulant Is obvious. And it is to this stimulation, I believe 
that the tevocshls efBact of gsosinl or partial massage must 
be ascribed. The said sOmulatton tavora the vital funotlmi- 
lag of the oella and causes their more energeOe segmsntatloo. 
Oooseqjientiiy, M Is cell stlmttlaitlon which Is ot prtnuuT Im- 
portahei la nHUWMgCk although ft hag, bsen Utberto snppoaed 
that tbs lafteMa Mfeottveneai was mainly due to the increaaed 
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dreuhrtkm of the blood and consequent better nutrlthm of 
the area In questSon. But the best drculatlon is no uss 
if tbs cells fiatl to function impeily. , . . If this view Is oor- 
root then the legeneroUmi of wounds^ eqiecial] 3 r of the 
epithelium, will be aenderated by cautious local massage near 
the edge of the wound. My mcpeilmenln along this line were 
very satisfactory, the moesaged wounds eadilbitlng an energetic 
regeneration. I have found It eapedatly favorable to rub the 
surface of the wounds vigorouMy with dry gauze. As a 
matter of fact, this rubbing comroonly occurs uoconsdously 
during the cleansing of superfidal wounda ... It Is a strik- 
ing fact, too, that strictly laumObUlzed arm or leg fractures 
are much more dlfilcnlt to heal and the ends of the bones 
unKe much more slowly than when very Mljdft motions and 
friction — amost Imperceptible, perhaps — are given to Che area 
of the fracture by the feeble play of the surrounding muscle. 
The me<hanlcal irritation of the osteoUasta thus imoduced 
stimulates the latter in their segmentation thus producing a 
more rapid formatton of the bone tissue. In fact, this growth 
is often BO bypertroplc that there Is an irregular thldcenhig 
about the point where the ends of the bones have knit. 


I III n 

BITFBCT OF SmiiULATINO BtAXm TWIOS IN A STATB OF 
WINTBIB BiBIPOCai BY HI0AN8 OF INJBCTION8 OF 
HYFBBITONIC eOIiOTIONe 

I InjMUoiie ot UMcnMiain chloilde, II Injectlooa of a mixture of 
the chloHdea ot mugneeliim and of eodlam 111 Control. FluceB of 
Injection are indicated at a a. 

The same Idea le supported by the phenomraa of ekln 
transference. The wound upon which the ifiece of skin is 
to be tranaplaated is prevtouMy rubbed for eome time wifii s 
sterilized piece of gauze, which bos been found to favor the 
transplantation. ... To my mind It ta evident Oiat the cMls 
underneath the transplanted piece of akin are thus stimulated 
so as to divide more energetically and thus produce a more 
rapid tiuUm betweni the tramqfianted and the original ttssue, 

IV.— Prom 1900 to 1910 BatalHon made many expeiimenta 
in the effort to prove that the moot Mtectlve sttmulus in the 
produetton of artificial parthenogenesis Is the shstraudon ot 
water from the egg plasm. ... By the action ot hypertonic 
solutions (of salt, grape sugar, animal serum, and the Hike) 
upon the egg water to abstracted and segmentation Induced. 
... In 1910 be pierced with a very fine metal needle, eggs of 
the Hona and by this simple method produced the phenomenon 
ot artificial parthenogenesis. He believed, likevrlse, that a 
similar operation was effected in natural fertilization, namely, 
the water-abstracting effect of the mole and female pronudel 
upon the protoploem. . . . Whether ttito concept of the mat- 
ter is correct or not, the important thing from our present 
viesrpoiat is that throufih these operations the egg-cMl has Its 
enpaetty for functioning reatored end begins to dlvlds Into 
segments. In my work “llxpertmenal Studies IV** (181S) X 
have endeavored to prove that the above mentioned agents ot 
artificial paTtbenogeqtols ate not spedfic, but, on tbs con- 
trary, general or iMitoertsl.eell odmolaittis. X have sodeavorod 
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to explain the physiological moaning of the wlddy found phe- 
nomenon of encystment in the one-cell orgunlnns by this 
method. 

According to this concept encyatment must be regarded as a 
process of cell reJUTenatlon, and this indeed by means of the 
abstraction of water from the plasma which takea place In 
cyst formaidon. . . . Slndlarly It hea been found that the par- 
tial abstraction of water from the plasma exerts a very stimu- 
lating effect upon the regeneration of wounds. 

[The followtnff pastoffe, which it i» here neceaaary to omit, 
f/ivee data is tvpport of thl» ttatement, etpeoially with regard 
to the euperiority of the “dry" a$epHo treatment of wound* 
over the moitt (with antiteptict) method, eascept where teriou* 
tuppuraiion ia preaeat. — Bditob.] 

It Is In tble manner, too — 1. e the stlmulaitlng effect produced 
by the ahstraotlon of water firom the pleama — that I believe 
we can explain the favorable results obtained by the dusting 
of wounds with various powdem. For examide certain (dean 
superficial wounds were dusted over with amylum powder and 
bound up dry- They healed rapidly and normally. I find a 
counterpart to this stimulation of somatic (i. a general tissue) 
cells in Qiard's bold experiment of 1604, when he succeeded 
In Inducing Echima eggs to develop by merely drying them 
between two leaves of dlter paper. 

V — ^Purely out o< theoretic interest I am at present conduct- 
ing certain experiments with respect to the effect of sperm 
extract uptm the ngmieratlicm of wounds. . . . Detalto of these 
will be puhUabed later. 

[/» thia oonneotion the reader'a attention may be called to 
Dr. VoronofTa ewperimenta conoeming the rejuvenation of 
aged animala by aomewhat analogoua meana . — Bditob.] 

VI. — Since we have thus proved that the agents of artificial 
parthenogenesis likewise exact a stimulating effect upon so- 
matic cells we may snrmflse that they are also capable of 
exerting a fovcrable effect upon the general health of Indi- 
vlduats who are sl<dt or feeble. Such results can be obtained 
in fact by the sub-cutaneous or Intravenous Injection of so- 
lutions of sodium chloride, magnesium chloride, or the mixture 
of the two described above as shown In experiments on guinea 
pigs. . . . Such treatment has also been employed with ad- 
vantage In oases of Asiatic chriera. . . . 

rtHAL BBMABXS. 

It is evident from the observations cmd experiments above 
set forth that the action of the agents capable of inducing 
artificial perthenogenesle la not confined to the genn-ceHs 
but Is likewise exerted upon all other cells. Hence we may 
regard them as being cell stimulants in generaL And this 
being true we eee the Immense Importance of experiments in 
regard to parthenogenesla with respect to cell lAyalology in 
general. ... It Is equally obvious how important tMa sub- 
ject is In energy and In medldne. 

And more sdA t A more profound and cearchlng Investlga- 
tloD of the manner in which cell stimulation Is effected will not 
fail to give us a broader conaprehenslon of the interesting and 
in^xMtant problem of age and of the possibility of tempora- 
rily, at least retarding the appearance of Its phenomena. 

We may hope to ... to have frekh light shed In this man- 
ner upon the physiology of the processes of sex, and uptm 
the death of die cell. 


THE MOST VALUABLE CROP. 

If a man from the Dakotas or Minnesota were asked to name 
the most valoeMe crop, he would very likely name wheat ; If 
from Hllnola, com; If from the South, cotfUm or eugar; but 
it will surp^ many to learn that probably the coooanut 
palm la the world's moat valuable plant, produdnf the most 
Important crop. Ohemlstry has played a targu part In making 
this true, for It la to (shemlstry that we are Indebted for Im- 
provements in the refining of oecoanut oU and fur the use 
of this food stuff In buttsr substitutes, bydrogMated oBa, and 


to replace animal fata In a number of inataneea. For example. 
It Is a neutral, whits coooanut batter or oil which is ennilsUlad 
with reconstituted, dry afclm milk to produce a cream any 
predetermined fat omtsnt for use in confectlon% baking, and 
Indeed wherever cowri cream la ordinarily employad. 

Not only la the oil usually pressed from copra, as the dried 
meat of the cocoanut la called, an article of tacreaaing com- 
mercial Importance^ but the oo««nnt itsrif has recently greatly 
advanced In value with the demand apparently unaatlsaed. 
This Is largely doe to the Increase In Ha use In ooofectlona, 
the demand for candy having grown, as bad beau antldpatad, 
as the result of prohlbltioD. Fiur example^ a plant that had 
been established to prepare riiarcoal from the cocoanut riirils 
for gas masks and produce an excellent quality of cocoanut 
oil from the meats, this having the advantage of being pre- 
pared from fresh material rather than ttom dried copra, 
now finds Itself unable to convcte with the prices paid for 
the nuts to be used In confectiona 

In acrialmlng Uie cocoanut palm as the most valuable plant. 
It should be pointed out that In Ita native land the palm 
furnlahea food, drink, riolhlng and shelter to the nattvea. 
Its fiber Is woven into mate and cloth for a great variety 
of purposes, the tree supplies nuufii of the timber for local 
needs, the nuts are almost the whole source of fata, If Indeed 
not of food, and the milk of the nut Is the usual beverage. In 
many Iriands and coasts vriiere the palm forms the basis of 
all Industry, the farma are tiny plots of ground, and there have 
been instances of litigation concerning the ownership of lit- 
erally fractions of cocoanut palms situated at the Intersecting 
lines of farm boundaries. 


WEED SEEDS. 

In view of the research being conducted on the poaslbtllty 
of using various sorts of seeds, principally as a source of rils. 
It may be of Interest to call attentl(« to the article on the 
weed problem In the Bulletin of the Colorado Experiment 
Station. 

We have come to consider as weeds those i^nte whl<fii grow 
where they are not deelred, plants which resist men's efforts 
to subdue them, those which resist frost, hail, and dryness, 
growing In almost any kind of soil and under all condltloDS, 
those which have rapid methods for propagation. Including the 
production of great quantities of seeds, and those which are 
usriess or troublesome notwithstanding the fact that they are 
frequently beautiful. Emerson once said that "a weed is a 
plant whose virtues have not yet been discovered." 

Weeds produce seeds In very large numbers and moat of these 
seeds live for a long time. It has been learned that some seeds, 
when burled In the soil, may retain their power to germinate 
for fifte^ to thirty years, and In this efiass can be named the 
tall pig weed, riie^erd’s purse, doch, and ctalch weed. 

A large purslane plant wlU produce 1,260,000 seeds. A sln^e 
Russian thistle produces from 100,000 to 200,000; tumbling 
mustard, 1,500,000; and shepherd's purse, 60,000 seeds per 
plant. 

The seeds of many weeds are very small and consequently 
escape notice. A pound of riover dodder, as well as ths 
common plantain, contains approxhnatriy 1B41,000 sesds. 
Lamb's quarters numbers nearly 006,000 seeds per pouxtd and 
Russian thistle over 260,000; wild musterd, 210,000, and wild 
oats more than 26,000 seeds per pound. From this It will be 
seen that if sixty (wunds of wheat are planted on an acre and 
this seed is oontamlnated by os little as two per cent of wild 
mustard seed, there will he'dlstribated over that acre of 
ground more than 808,000 mustard seeds. 

These new facte bring out the uecesstity for efieen seed and 
the desirability of pMristeooe In eUmlnatlag weeds from areas 
by destroying them befM» they can bear seedsi Bowevw, if 
the ritemlst And a way to nee each seeds eoonomtoally, It wi^d 
appear that there riuMild he no dtfflcnlty In obtaining large ^ 
constant sopplfee of raw natterial. 
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C ALIFORNIA’S horticultural Quarantine service has 
proved a vital factor In the successful production of 
plant life In the Golden State, where $255,000 worth of 
plant products was realised during the past year. The quar- 
antine division, which is under the control of the State Oom- 
mlsslon of Horticulture, is a public office maintained for the 
protection of the crops, both agricultural and horticultural 
produced in the State of Oalifornla. Through the various 
ramifications of the quarantine service, it reaches and controls 
practically every point of delivery in the state, holding as it 
were a great sieve through which is strained the imports of 
plant products upon their arrival at every avenue of entrance 
and by all methods of transportation — rail or mall, land or 
water, freight, express or personal baggage. Under the direc- 
tion of Frank Makkew, chief deputy quarantine officer, sta- 
tioned at the central station 
in San Francisco, 240 quar- 
antine inspectors are working. 

They are vested with au- 
thority to intercept, examine 
and pass final Judgment upon 
the health, deanllness and 
general desirability of eadi 
and all botanical products «a- 
tsrlng the five ports of entry 
on the Padflc Coast They 
axe San Frandsoo, Los An- 
geles, San Pedro, Bureka and 
San Diego. 

At the marltline ports of en- 
try the st^te is represented 
by ten Inspectors and two 
derki, and coSperattng with 


the main division at all times by virtue of appointment of state 
quarantine guardians, and 227 county commissioners and in- 
spectors stationed at the different interior points, each in con- 
stant touch with the central horticultural quarantine office in 
San Frandsco. The state quarantine law is in force in every 
express office, freight depot and wharf in California. 

No imported plant product is immune from inspection. 
They must be carefully looked over, and undergo quarantine 
before they land. Bvery vessel from the tropics and outside 
of Continental United States as well as those of the states of 
the Union are subjected to the strictest scrutiny on the part of 
the legal inspectors. 

All botanical immigrants attempting to cross its boundaries 
must be found “physically” fit to live in the state. Citrus, 
dedduons and semi-tropical fruits as well as ornamental trees 

and shrubs, rice, cotton and 
cereals, vines, dates and mel- 
ons, which are susceptible to 
the attack of many insect 
pests and plant diseases are 
not released until they have 
been found free from all the 
plant maladies. Every per- 
son or corporation whldi 
brings into the state ifiant 
products of any type must no- 
tify the plant officer of their 
arrival and hold the same for 
their Inspection. 

mie attention of plant In- 
spectors In other conntrles Is 
called to the Insect pests and 
diseases found on the ddp- 
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ments ot plants tbeir countrymen are exporting with the request 
that a dean up be instituted at the point of origin. Under the 
new postal law, insect pests of orchard trees found In the 
parcel post are delivered to the horticultural quarantine In* 
S|)ectors for examination and if they are declared infested 
beyond treatment they are sent to the State horticultural 
guardian of Orange Ck>unty fur determination of the Alevrodet 
infesting its foliage awl for flnal deetructlon. The inspec- 
tors are ever on the alert for the white flies, which latest the 
drtus trees. The Federal Government maintains a rigid con- 
trol over all Imports of unmanufactured cotton in the United 
States as a means of preventing the establishment of the pink 
boll worm in the cotton flelds. At the port of San Francisco, 
the State quarantine Inspectors as agents of the United States 


Department of Agriculture supervise and enforce disinfec- 
tion of ell Imports arriving on the Paclflc Coast from points 
outside of Continental United States 
The fumigation of the cotton is done In a retort. This 
cylinder holds 76 bales of cotton at a charge, and when filled 
with cotton a vacuum is created, hydrocyanic gas Is admitted 
Into the chamber and the cotton Is held In the gas for an 
hour and twenty minutes. All imported cotton Is subjected 
to the same treatment Under the law, the inspectors remove 
and destroy all cotton and cotton lint found in the baggage 
and personal belongings of passengers arrivlDg fimn foreign 
or Island American ports. Cotton seed end cotton seed hulls 
from foreign countries are prohibited from entry under these 
same regulations. Every precaution Is taken to thwart the 
introduction and establlshmoit of the Mexican boll weevil into 
California and the quarantine rules covering the bringing In 
of cotton seed from any other state of the Union have been 
issued by the State Commission of Horticulture and are rigidly 
miforced at all times. Cotton seed from any state in which 
the vreevil is known to exist is denied admittance and a per^ 
mlt must be obtained to bring it into the port for experimental 
propagation. l%e cotton seed must come from the states 
that are at present Immune from the bOU weevIL Ballroad 
cars carrying cotton in the cotton growing states art mered 
by the quarantine refulationa and must b* (deaned'of all 
cotton seed InunedlatMy upon arrival In Oalifomla. The tail- 


Ayim, Miao 

road companies comply with these rules. When aecessary the, 
ears are disinfected with live steam until all ootton In Um 
crevices of the sides and floor Is cooimd to a soft conditlMi, 
while In other Instances snrii as “reefers” whmre the sides are 
cMled smootli, the cars are swept and the ootton seed homed. 
An average of 200 cars, around the bay region of San Fran- 
dsco, are treated by these methods, inspected, passed and re- 
corded each month. 

A vigilant watch Is kept for the frolt flies la the passmger^ 
baggage, wherein may lurk the larvae of the pestlfOrous 
Mediterranean fruit fly, which is a universal feeder on all 
fresh fruit and vegetables. The inspectors had a severe ex- 
perience when th^ discovered the Medltmranean flies’ larvae 
in seeds of the Kamanl tree found In the pocket of an overcoat 
belOD^ng to a passenger arriving In San Frandsco from 
Honolulu. Had It not bemi for the keenness of the oIBcer, 
the seed would have been planted in soutbem Oalifomla, No 
liomestlc vessel from Hawaiian ports Is permitted to land its 
passengers until a thorough examination Is made. They ere 
seorched for contraband frnlt and plant products In their 
personal belongings, which task is a rather ddlcate duty for 
the quarantine dllcialB. 

There are three forms of fruit flies of the Mediterranean 
apedes at work on the fruits of the Island of Sydney, me of 
whldi Is the Docks mekMoUtm, which attacks the alligator 
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pear. Fruits from Papeete on the idand ot Tahiti are not 
allowed to Ihnd on vessels accepting that whidi Is set forth In 
the ship’s manifest, which omslsts of a sworn statement of 
the port at which It was taken on board. The Mediterranean 
flies thrive in various latitudes not necessarily confined to 
the tropics. Fmtunately it has not been establtabed in Gall- 
fornia or in any other part of the United Statea. 

Even the vegetalfle lodcera on board the big liners are 
seardied for fruits left over from the ship’s supiflles. Every 
food product that is susoeptlble to the frnlt fly is quarantined, 
as are also the remnants of tn^cal fruits and vccrtablss 
In ihe khip^s lodmiu and state-rowni. 

The future of «vmy etop produced In Oallforala depchdt 
upon the quarantine servtae to a large extent A eampelgB la 
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woged agalA«t ttn^ alfalfa 
WMVll and the white fly, 
wbldh Is a parasite of the 
fields. From Masfitlan» Max- 
fco» come the dangerous 
orange maggots, which ere a 
great menace and are known 
at sight by the Inspectors. 

Out of 58 counties In Gall 
fomia, 42 have county horti- 
cultural commlBBtonera or 
state quarantine guardians. 

In mountainous counties, 
where horticulture is not 
generally prevalent and 
where hortlcaltural Imports 
from outside of the state are 
received In a minor quantity, 
there is less need for the 
guardians. Ooast ports are 
more susceptible to receiving 
fruit and melon flies. 

An educational feature of 
the quarantine work Is the 
entomological and pathologic- 
al system by which records are kept with regard to the find- 
ings of the various pests that are discovered on the imported 
plant products. The clerical records and reports of the 
service are maintained, collated and tabulated, while the Insects 
are charted and made Instantly available for reference in 
connection with prospective imports of plant production. 
This is done so that homeward bound passengers, while 
enroute, may learn what plants are objectionable. 


HBSISTANCE OF ORBBN- 
HEART TO VARIOUS 
MARINE BORERS. 

To WHAT extent greenbeart 
timber resists attack by va- 
rious kinds of marine borers 
is being ascertained in a test 
conducted by the Forest Prod- 
ucts Laboratory, Madison, 
Wls. Six years ago the lab- 
oratory placed specimens of 
this wood in the Qulf of 
Mexico, in waters infested 
with holas, xylotrya, and llm- 
Dorla. 

A recent examination of 
the timbers showed that, ex- 
cept for a very slight trace of 
llmnorla on the sapwood of 
one specimen, they had been 
uninjured by either xylotrya 
or llmnorla, although these 
borers are very active In this 
vicinity. All the timbers, 
however, were severely at- 
tacked by pholas. The surfaces of each specimen were cov- 
ered with burrows from % to % Inch deep. i 

How f^r these burrows will extend with continued exposure 
remains to be seen, but it is not expected that they will extend 
much more than two Inches. Pholas have not been found to 
bore very deep in wood. It is evident, however, that green- 
heart piles for use in pholas-infested waters should be made 
large enough to allow for reduction in size by pholas attack. 



SWHBT POTATaOS FROM HAWAII INKRCrTfiD WITH 
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Elements of Combustion of Fuel Oil* 

From the Report of the United States Naval Liquid Fuel Board 


W HIliB the theory of combustion Is well understood 
by all haTing a knowledge of the elementary princi- 
ples of chemistry, there are particular considerations 
that enter Into the nmtter of burning both oil and coal as a 
fuel, and therefore the economical consumption of fuel in 
large quantities can be effected only In boiler or furnace in- 
stallations which have been designed by technically trained 
experts possessing a knowledge of wtiat well may be termed 
the practical mechanics of combustion. 

Hundreds of oil burners have been designed, which, viewed 
from a mechanical or theoretical standpoint, should have 
operated efficiently; and yet when such appliances were sub- 
jected to actual test the devices proved unsatisfactory. There 
are, therefore, practical conditions as well as chemical prln- 
djdes that must be considered In the solution of the liquid- 
fuel problem^ and the Board thus regards the mechanical 
feature of the oil-fuel combustion question as a subject .de- 
serving special study and investigation. 

Everyone is aware that with a charcoal or coke fire it Is 
posdUe to maintain Intense combustion within a compara- 
tively small apace, and with little smoke. This sort of fire 
was known to the smelters of the Bronse Age, and it Is stlU 
used In blast furnaces and other operations where great con- 
cmtntlon is required. 

The explanation lies in the fact that the fnel is solid, ev«i 
at the hlgheat temperature, ^e aolld partlclea in the smoke 
sra probably nartldes of ash, but whether Uiey are ash or 
nnoonsnined carbon, they are exceedingly small, as shown 
by the bilgbt4>lne oolor of the smoker As a result of this 
■o Ujllty ho carbw can Isavs the bed hot coals except as a 
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constituent of OO or COt. In eUber case the combustion will 
be free of soot or smoke, since both gases are colorless and 
transparent If the carbon goes up the stack as a constituent 
of CO, It carries with U twenthirds of the beat that It is pri- 
marily capable of yielding up, and It is pnly with respect to the 
possible formation of CO Instead of CO. tbat a charcoal fire 
falls to give perfect results. Were it not for this possibility 
there would be no reason why a diarcoal fire should need 
more space than Is sufficient to contain the fuel Itself. 

The obvious way to prevent the formation of CO, Is to 
foice a larger quantity of air through the bed of coal, but this 
alone is insufficient. Experience shows that evmi when the 
amount of oxygen passing through the bed of coal is twice 
that requisite for the complete combustion of caibon, there Is 
still some of the carbon that leaves the furnace In a partly 
bnmed condition. The only way in which this carbon can be 
.completely burned Is by subsequent diffusion of the gases, 
whereby each molecule of CO sooner or later meets with an 
atom of free oxygen and so becomes 00. Bnt this diffusion 
requires time, and as the gases are being constantly cooled 
as they are carried along It may happen that they will bo 
cooled below tbe ignition temperature before union takes place 
So that evm In a diarcoal fire tbe need for appreciable c6m- 
bnstlon space la obvlons. 

THOBOVOB HIZTUXB CSSBUTIAZ. TO GOOD COlCBVaTlOZf. 

Comirtete oombnation requires that for every atom of carbon, 
and for every two atoms of hydrogen, there shall he at least 
one atom of oxygep broui^t in dose proximity, and then and 
there subjected to a temperature auffldent for ignitlOD. In 
other words, there must be a thorough mixture, and then 


820 


SOIBNTIFIO AMBBIOAN MONTHLY 


Amx,,18SM> 


Ignition. It Is doubtful if a mere mechanical mixture, how- 
ever complete, could ever be perfect enough to bring about 
the desired result This Is well illustrated by contrasting the 
smoky combustioo of black gunpowder, where tiiere is li me- 
chanical mixture, with the combustion of the so-called smoke- 
less powders In which the mixture Is so thorough and minute 
that similar proportions of oxygen, carbon and hydrogen occur 
In each separate loolecule. 

In all ordinary cases of conmustion, liowever, where we draw 
our supply of oxygen from the atmosphere, It Is only by 
virtue of the property of dllTuslcm that a suffldentty Intimate 
mixture Is attained. As to the real nature of diffusion. It Is 
known that at ordinary temperatures the particles of oxygen ‘ 
In the air are moving In every conceivable direction with 
velocities averaging over 1600 feet per second. Any one atom, 
however, moves only an inappreciable distance before being 
arrested by collision with another atom, so that although the 
average velocity of the atoms Is probaUy equal to that of a 
rifle ball. It still takes an appreciable time for a particle to 
travel even a moderate distance. It Is this time element that 
constitutes the greet stumbling block when the attempt Is 
made to burn a large amount of combustible in a small space. 

COMBUSTION OF HYllBO-CABBOirS. 

As before noted, the reason why Intense combustion is easily 
attained with a charcoal Are Is that the fuel is solid at the 
tempmiture of Ignition. Being solid It can present a large 
surface for the oxygen to act upon, and an atom cannot break 
away and go up the chimney first without being united with at 
least one atom of oxygen. In the combustion of hydro-car- 
bons, on the other hand, we have the following condition : The 
fuel is already on Its way to the chimney before it is even 
partly burned. The first effect of the heat Is to dissociate the 
carbon from the hydrogen. Whether or not the latter unites 
with the oxygen does not affect the soot or smoke question, 
since the constituents, and also the prodfocts of combustion 
of hydrogen, are like transparent colorless gases. But In any 
case the carbon left alone In the form of an Impalpable dust 
is much less favorably drcumstanced than that In a charcoal 
fire. If It were attached: to a hot coal, as in the charcoal 
fire, so as to be capable of receiving a blast of air, its com- 
bustion would bo easily accomplished. But instead of this it 
Is carried along by the current of gases, and unless It Is given 
plenty of time before being cooled it will be left alone as a 
particle of soot. 

An examination of the nature of flaming leads to similar 
conclusions. The luminous part of a flame is caused by the 
white-hot particles of carbon. These particles have been 
robbed of the hydrogen with wblch they were formerly asso- 
ciated, and they have not yet met the oxygen necessary for 
complete combustion. This process of finding, or of being 
found by, the oxygen requires time, and If perchance the 
temperature falls below that of Ignition before the process Is 
completed, the carbon will be deposited an soot or else go on up 
the stack as smoke along with the excess oxygen, with which 
It should havs been united. Thus an unmistakable symbol of 
the conditions that are necessary to bum a large amount of 
eombuatlble in a small space is a short flame. The dreum- 
stanees which conduce to shortness of flame are: First, pure 
carbon fuel, because the fuel canxMt leave the grate or fur- 
nace until It Is burned to 00 at least In any case It cannot 
deposit soot since 00, when cooled, le a tranQiarent gas. 
Second, Intimate Initial mixture of oxyyen with the fuel, since 
the more Intimate the mechanical mixture the leas tlake will 
It take the gases, by the process dlffusloa, to become per- 
fectly mixed. Third, Initial heating of the air, since the rate 
of dlffusloa tnereaaes with temperature. Foortb, large sur- 
face of fuel presented for impact of the oxygen. 

PBoras siza or ooicfivsnoir spaox. 

Tha deelrablllty of tnpplying a oombnstlon diamber whose 
volume is at least equgl to the volume ot the fiame seems 


obvious. In this connectloa the fact should not ha ovesiooked 
that a alight Increase In the volume of Che comlntstlon space 
acts two ways to Improve the soUdlty of conilnistlcm. One way 
— ^that havl^ to do with the greats time permitted for dlf- 
fnslim— has already been toudhed’upMi; but apart fhnn that 
there are Infiueioes that work. In oonseqaeooe of whioh an 
Increase In the volume of the combustion qpaoe actually dl- 
mluldiea the volume of the flame. This la because the temper- 
ature of the larger space la higher, and the higher temperature 
hastens the process of diffusion. 

During the process of diffusion heat Is bdng liberated at 
all points thronshout the combustion space; Therefora^ all 
parte of the space are being traversed by beat raya emanating 
from every other part of the conriiustlon tihamber. It Is read- 
ily seen that the temperature within the space must under 
these conditions Increase with the volume to an extent limited 
only by the transparency to radiant heat, and by the tem- 
perature of dlssodatloD at which necessarily heat ceases to 
be liberated. Blnce the trantparency of the combustion q>aee 
Is diminished by the presence of solid carbon (for whether 
black or incandescent, It Is in any case opaque), it follows 
that the Increase of temperature with a given Increase of 
volume will be less In a space filled with luminous flame than 
In one filled with burning hydrogen or GO 

INCANDBSCKNT WALLS HABTRN DOTUSIOIT. 

The question of the proper size of the combustion space 
is further complicated by the presence and condition of the 
solid walls of the furnace; whether, for instance, they are 
themselves Incandescent, or merely black absorbers of heat. 
There seema no reasonable doubt, however, that .Incandescent 
walla will hasten diffusion and hence shorten flame. 

Where it Is possible for the diffusion to be completed before 
combustion begins as in the bunsen gas burner, the dlfScultles 
naturally disappear, and there la readily attained a very short 
flame, which, moreover. Is incapable of depositing soot, even 
on a cold body. 

In the case of liquid fuel, whioh is Incapable of vaporization, 
the diffusion and Ignition must occur simultaneously. With 
such a fuel there Is bound to be consldwable flaming. An- 
other difficulty, and one from which all solid fuels are free, 
arises from this sort of fuel from the action of capillary or 
surface tension. Thus no matter how finely the liquid is pul- 
verized, each tiny drop assumes a spherical shape and presents 
the least possible surface tor Impact of oxygen atoms. 

From what has been said it Is clear that a liquid fuel, such 
as crude petroleum, requires an ample combuatlon space- 
more, Indeed, than does almost any other sort of combustible 
material. 

The relative dimensions, like breadth and depth, of the com- 
bustion space are of minor importance. A lo'lmary requisite 
Is volume, and that alone provided all parts of it are traversed 
by the same quantity of gas In a given time — in other words, 
provided the gases are not short-circuited through or across 
some parts of the space to the n^lect of others. The advan- 
tages are in favor of the combustloa space of large cross- 
section and short in the direction of the flow of the gasu. 

A primary requisite for ibe successful burning of a non- 
volatile liquid fuel la the exposure of the furi to the heat of 
the furnace in sndi a form that It presents the largest possible 
surface for the impact of the atoms of oxygen. From the 
principles of caplllaty actlOD It Is possible to estabUsh a 
standard by which to Judge of the rifideocy of the various 
methods of Increasing the free sorfaoes of the olL 
Oil In bulk has practically no surface. When broken up 
Into fine drops, the surfooe Is the aggregate sorfaoe of all 
of the drops. The smaller tiie drops the more perfect the 
spheres. Bence^ drops of oU ooo-ihonsandtb ot an loch in 
dlametor ars known to assume Uto apbexloal form with a 
rigidity comporaUo to that ot a steel boU one lnch In dlarn- 
' eter. The w<^ necessarily petforinsd by the atomlslnf agent 
la simply the work ot strotdilnc the surface, 
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Puffer Fishes* 

Some Interesting Uses of Their Skins 

By E. W. (iuHger, American Museum of Natural History 


T lllO puftors are 1 UIh»s Inhabiting tiopleal and waiin 
teniiH>rate seas, and sonw'tinies diiftliig beyond these 
limits In warm eurrenlb The (Jiiir Stream, for inslanee. 
nirnea them as far north as W(s>ds Hole, Massaehusidts, while 
along the North Curollmi eoaht lhe> are 'serN abundant, the 
writer not lafnsiuently taking a doJten at one haul of tin* seine 
in the harbor of Beaufort 

Tbe pullers aie sh<»rtdK)died fislies tUwoid of scale, oi ratln*t 
baviiig these transfoinn*d into spines strong or weak, and are 
esiieoially notable for ba\ing the skin over the bellv Iihim* and 
ver> distensible The fish hj Inflating the nhdomeii with air 
or water may more tlnin double Its volume, and bisjonie a 
veritable balloon, whernn* the nanu»s puffer, globe-tish, bal- 
loon flsh When thus inflnbsl the flsh becomes more or 
less globular In sbaiw with tbe fins and tail foimlng 
mere protrusions It fillcMl with nir, tbe llslies th»at at the 
surface belly up like so manv smuJl balloons, foi |M>or swim- 
mers at the best, they are iiow^ entirely at the merev of the 
wind and tide, having praitleally no ixiwer ot lo<*oinotioii 
whatever I have taken scores, almost hnndnsls of puffers at 
Beaufort In the Ht*lne, and in tlie great nm.loiity of eases they 
came ashore more or b‘ss Inflntcsl It tilled vMth air the 
flsher iMiys are soinetiin<*s eiuel emmgh to ininp on them to 
hear them evpiode 

*IU‘piinttfd fruiii the N I Zonloui* al SotHtiy JiulUtin (N«*w Yoik) 


The pufteis nm.v leadll.N la* (ans(*d l<i inflate theii abdomens 
b^ ft*ar, by driving them against Home obstacle like the net, 
and espeeiallv l),v semtehlng them on the belly I have often 
taken advantage of this latter (baractcrlstle to cause theim 
to swell lip, 111 order to diHplay them to visitors in the aqua- 
iiiim of tbe United States Bur<*au ol Fishc*ries laboratory at 
Beaufort, North Carolina The air or WTiti'r is taken into the 
Htoiimeh <»r into a sne lying in the liody cavity exlernnl to 
the stoimuli, the opening Into this being In the throat This 
oiienlng has a valve-like structure whhh readily admits air 
or water bul refuses exit unless at the will of the fish Air 
Ol watei IS swallowed In a gulping fashion, the abdomen be- 
coiniiig more and more tense like a football bladder attached 
to a pump or being blown up by a strong-lunged boy When 
the wntor Is allowed to es(ape It comes in uUermitlent spurts 
at first, later In a sti'eum, and hnally this dcndliies to a mere 
riicklf 

in this eoniuH’tlon r(^feren(‘e nmv be made to an interesting 
moditieation ol this habit In tin* CMunmon swell-load of our 
soiitbeni (oast, Chtlotittfrlf Dr Townsend,* Dlns*- 

toi ot the New’ York Aquarium^ 1ms iiott'd that this fish In 
I be exblbilion tanks then*, will soirn^linK's come to the surface 
and sticking out Us moiitli will s(|ulrt a small stream of 


*TownHt*nd, C H VVutei thiovvlrm lluilat nl P%hfth in Iho 
Yoik Aqimrluni, liull N V Zohl Sof\ Ai>rll UUm, i> 18 K 
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FIO. S. BUR-FISH, CHIUlKTCffteRUB SPINOSUS 
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vntter Into the air. This habit, however, was noted for Diodon 
by Arthur Adams so long ago as 1848.* 

The trick of Inflaitlon is a great means of protection to the 
puffers. An enemy fish would certainly be greatly astonished 
and even disconcerted to have a puffer in a few moments swell 
up to twice its size. Moreover, the rotund shape of the dis- 
tended fish is a protection against Us enemies, Since only, a 
fish of extraordinary gape can take one In whole; the ordi- 
nary fish in biting at a puffer merely puShes it away or 
causes it to roll over. Further these fishes, especially the ones 
called porcupine fishes, are covered with spines, Dioden hy»- 
trix, wUh its long, slender, needle-pointed spines, being the 
best example. If the puffers with few and weak spines are 
well protected by their ability to Infiate themselves how much 
more are those like Diodon^ which when Inflated are covered 
hedge-bog-like with an almost Impenetrable forest of fine 
pointed spines. 

Some of the puffers grow to he three feet long, but these 
are the giants of the tribe. The largest ever seen by the 
writer was about two feet long, and the smallest about the 
size of a forty-four-caliber bullet, or the size of the end of 
one’s little finger. This was a little Chilomycterus antUlarumt 
as its name indicates, a straggler from the far south, taken by 
the writer in a tide-pool, on a sandbar in the mouth of Beauforl 
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Harbor. It was an interesting little flesh, and, as It was kept 
in an aquarium for some time, it became a pet. It fed greedily 
on bits of oyster and I used, when it was trying to swallow 
a fragment of oyster, to take it In my hand and tickle It on 
the belly whereupon It would partly inflate Its abdomen. 
Then when freed In .the aquarium it would set Its tiny fins 
and sculling with Its diminutive tail would make its way to 
the bottom. However, its small specific gravity would not 
let it remain there, and like o true balloon It would come to 
the surface only to begin the struggle again, and this would 
continue until the oyster was swallowed so that the air 
could be discharged. 

The puffers belong to that suborder of fishes known as 
Gymnodontea, naked-toothed fishes, so called because the Ups 
are drawn away from the teeth whlhch In turn are solidly 
fused Into beak-llke masses. The puffers considered In this 
paper belong to two of the four families whldh compxiae the 
OymnodofUee. The first family is that of the puffers proper, 
the Tetruodontldse, so called because each beak Is divided 
by a suture in the median line Into two halves, making four 
parts to the jaws; teira, four; dens, tooth; four-toothed. 
These fish have an Inflatable sac lying outside the peritoneum 
with an opening In the esophagus. The other family is that 
of the porcupine oar globe-fishes, the Dlodoatidse, which have 

M^dsnui, ATtbur. Notes on the Natural History of tbs isUnds (of 
the Caet IndieR) In Sis Bdward Belcher, Narrative of the Voyage of 
H. M. S. Saiiurmng In the years, 1848-46, Bhnoaoyed In anrraylng the 
Inlands of tbe Ebistern Archipelago, Vob II, 1848. « 
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no suture or fissure, and hence are Dlodontlds (efi, two; dent, 
tooth) two-toothed. These Infiate the abdomen by taking air 
or water into the stomacb, its exit being controlled by sphincter 
muscles In the gullet. 

The conrmon puffer, swell-fish, or swell-toad of our Atlantic 
Coast Is the Tetraodont Bpheraidee maculatUM whose name 
describes its appeanonce quite accurately. It is taken so 
frequently in the seine at Beaufort that It is not even re- 
garded as a curiosity. Fig. 1 is a side view of this fish 
showing how it distends itself with water. 

Another Tetraodont puffer found on the North Carolina 
coast, is the so-ealled mbbitnfish, Laffooephalus taevigaiuB* 
While not common at Beaufort, the fish is occasionally taken 
In haul-seines, and in the course of ten summers’ work at 
the Bureau of Fisheries laboratory there the writer has seen 
some half dozen specimens. The fish justifies its name — 
laevigatust smoothed; LagocephaUie, hare-head— Inasmuch as 
the head and mouth somewhat resemble those of a rabbit, and 
the skin is smooth and entirely devoid of prickles. 

The porcupine-fishes and the bur-fishes belong to the second 
family referred to above, the Dlodontidse, and ere fishes having 
all the tooth structures in each Jaw confluent Into a turtle-like 
beak. In addition to their peculiar tooth structures these fish 
have the scales converted into spines or prickles. Two genera 
of this family are found on our Atlantic coast. Diodon and 
ChilomycteruMf and both are reported frwn Beaufort, the 
former from one specimen only and the latter from hundreds. 

ChilomyoteruB »ptnoBUB, the spiny toad-fish, is the most 
common puffer on the North (Carolina coast. Caught by 
dozens In the seine, our aquarium in the Beaufort laboratory 
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was rarely without one or more specimens However, it was 
necessary to watch It In one of the large tanks in the New 
York Aquarium to see a feat next in interest to Its habit of 
inflation. Here one day Dr. Townsend pointed out its habit 
of getting in the current of the Incoming Jet of water end turn- 
ing somersaults. Fig. 8 shows the specimen au naiurel 
while Fig. 4 la from a photograph of an Inflated specimen. 

Both these figures* are from photographs of a living fish, 
while Fig. 6 is a dorsal view of a dried specimen in the au- 
thor's possession. The spines on this puffer, as all the figures 
show, are short and blunt and not very offensive. 

The most interesting of all the puffer-fishes is the porcupine 
or globe fish, Diodon hystrix (hyitrix, the porcupine or hedge- 
hog). This fish Is a tropical form, common to all the warm 
oceans of the world, but on our coast is not normally found 
north of Florida. As a straggler the Gulf Stream sometimes 
carries It as far north as Woods Hole, Massachusetts. At 
Beaufort but one spedim^ has ever been taken, and that cu- 
riously enough was a young specimen only two and five- tenths 
inches long. The fish is not uncommon in southern Florida, 
and in the curio shops at Key West there may be seen elegant 
specimens of the fully distended dried fish, some fifteen Inches 
In length. During several sumroiers spent at the Tortugas 
laboratory of the Oamegio Institution of Washington, I was 
constantly on the lookout for the porcupine-fish, but vainly so. 
However, Prof. W. H. Longley one day had the good fortune to 
see two fine specimens drift by the eastern dock, but tantallz- 
Ingly Just out of reach of his longest dip net. They were fully 
Inflated and were rapidly carried out to sea by the tidal cur- 
rent setting In that dlrecticm. As all the boats were on the 
other side of the island, half a mile away, pursuit was out 
of the question. Fig. 6 is a lateral view of a dried specimen 
in full Inflation.* This flgure shows well the Justlflcatlon of 
the names, porcopine-fish and globe-flsh. 

These fish, when put alive into preserving fluids like forma- 
lin or alcohol, will sometimes die Inflated, and may then be 
dried. I have found it better to dilate the stomach or extra- 
peritoneal sac with strong formalin pumped in with a syringe, 


•Tlieaa photographs were roado In tbo Fisheries Laboratory at 
Beaufort by a prafesrtonsrl photographer whoso name cannot W 
raoaUed. 

This dried ^Mdman was very kindly loaned me for photograijliic 
purposes by Mr. E E. Hanner of Oree]iM>oro^ N. C. 


and then (o hang the fish up until it is both dry and cured. 
Such fish are quite translucent and Dr. Townsend has in the 
New York Aquarium such a fish, an Hawaiian species, con- 
verted into a lantern, the fish being hung up with a candle or 
small electric light suspended inside. Fig. 2 is reproduced 
from a photograph of this puffer-fish lantern and is taken 
from Dr. Townsend's article on “The Puffer, Its Defense by 
Inflation,’' published in the BuUetm of the New York Zoo- 
logical Society for March, 1916, page 1331. 

In this article Dr. Townsend further says: 

“It Is a connnon practice with the Japanese to make lan- 
terns of inflated and dried puffers by cutting out the back 
as shown In the accompanying photograph of a puffer 'lantern’ 
in the New York Aquarium. A candle suspended by a wire 
serves as a light which shows as brightly through the stretched 
ekin of the fish as through a piece of oiled paper." The 
puffer from which this lantern Is made Is eighteen Inches long. 
In the course of a fairly extensive examination of books of 
travel In the South Seas, a number of instances of a still 
more remarkable use of the skin of the porcupine fish Diodon 
has come to hand. If this fish makes use of its spine-covered 
skin for Its own protection, why should not man likewise and 
for the same reason use it? And so the ingenious natives 
of these interesting regions have done. Commander Charles 
Wilkes, in Vol. V of his Narrative of the United States Ex- 
ploring Expedition during the years 1838-1842 publisfti^ In 
1845, has on page forty-eight a figure of a Drummond Islander 
wearing a helmet made of the dried skin of a porcupine fish, 
Diodfm, There Is, however, no reference to It In the text. The 
flgure is reproduced herein as Fig. 7. Wilkes also gives a 
separate drawing of tlie helmet. 

A few years later (1847), however, we come across a veYy 
definite statement in John Coulter’s Adventures on the West 
Coast of South America and . . . Including a Narrative of 
Incidents at the Kingsmilt Islands, etc. In Vol. I, imge 191, he 
describes the Dnumnond Islanders (in the Kiugsmllls) ac- 
coutered for war, the head being “surmounted by an extra- 
oidlnary looking apology for a helmet, in a oonloal shape and 
made of dried fishes* skin, with two or three feathers of va- 
rious colors stuck In the top for a plume." In the next few 
pages he twice refers again to this “fish-skin cap." 

Likewise George French Angus, in his book Polynesia 
(London, 1806), says of the KIngsmill warriors that: “On 
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head iK worn a cap formed of the akin of tiie porcupine 
fish, bristling with sharp sivIm*H 

The next account chaticed upon is fn>m the pen of William 
Wyatt Oill, a rnlssl<mary in the South Stas whose powers of 
otisorvation were kt'on and highly develoiHHl ns the wealth of 
nutunil history n<d*a m Ills hooks shows On page 108 of 
his Jottings from tlio rncith* (New York, 1885), he writes that 
‘‘The Islanders came to the white strangers and to dispose 
of helmets of porcupine fish (skin) ” 

(Chronologically we next ioine in 1890 to James Kdge-Partlng' 
toil and Charles TIenpe who iniblished at Manchester, England, 
in two volumes their ver> interesting Album of the Weapons, 
Tools^ Oriiameats, und Articles i>f Dress of the Natives of the 
Padllc Islands In V<»l 11, puge 170, is a figure of a native of 
the Klngsnull Croup wi^ailug ii cup of tlsh skin. There is no 
des^Tiptive text and as the tlgun* is not v»Ty distinct, It will 
not reproducetl ht^e 

Our next iiuthorlly is James M Ah'xander, whose book The 
Islands of ttio I*aciflc was published In 1803 To face page 
222 Is a plate, the low^er half of which, sliow’s a Micronesian 
wearing a dried Diodtyn helmet Coni|>arlaon with Wilke’s 
figure sliows that Alexander has copied It without giving any 
(Todlt whatever To face page 230 is another plate the lower 
half of which is labclleil ^’Marshall Island Warrior.” This 
man also w(*ars a IHodon helmet This figure Is given as 
nutiilMu 9 of tlie priwent piipiT 


Our next reference Is to a book* by Ferdinand Hartzer« a 
Catholic missionary in the South Seas* Under date of 1900, he 
writes that the Cilbert Islanders go Into battle variously armed 
while ”A casque, fashioned out of the dried skin of a large 
fish with strong spiny scales surmounts the head as a helmet*' 
On this same page is a pen and Ink sketch showing this helmet 
nnd to face page 248 is a photograph of a native in full armor. 
This latter figure is reproduced herein as Fig. 10. 

Pew men of the present day have a wider or more accurate 
iKHiualntance with the South Seas and with the customs of 
the people living therein than Dr. Alfred O, Mayor. In an 
article, “Men of the Mld-Paciflc,” in the ScientifU Monthly for 
.lanuary, 1916, Dr Mayor has an Illustration showing a war 
nor of Tarl Tarl Island, GUiiert Islands, armed wlUi weapons 
beset on the edges with sharks’ teetli. and having on his bend 
n helmet of drIcMl Dtodon skin Through Dr Mayor’s kindness, 
tiiis illustration is reproduced as Fig. 8 

Study of the localities noted above shows that the use of 
dried Diodon skins for helmets is confined to the Inhabitants of 
the Kliigsmill, Gilbert and Marshall groups; In short to that 
I Wirt of Ocean lea known as Micronesia, the n'gion of "little 
hinds,** as these Islands have been named The reason for 
ihls must be an ethnological one, and in that science the ex- 
planation must be found. 

‘‘Uartzor, Kwnnnd lies Ugh Btanclii^ (ArrbhiolH Ollbrrt ot Elllop) 
fie 8 Mers dii fiud PS'cIh, 1000 


Milk and Petroleum* 

Loss of Efficiency in Lubricants Due to Refining 
By Edward G. Ac'heson, Sc. D. 


T IIKUE ib a Hti Iking simllaiitj in the physical make-up 
and composition of milk and ptdroleum and this llke- 
nt58s Is carried throughout the natural and artificial 
trealments they are sulijectcxl to. 

In milk tJie maj<ir part Is Just plain simple water In 
w^hlch are millions of minute partitles flouting iilwmt These 
Muall imrllcles are invisible to the nakcsl eye, nor can they 
lie seen in the ordinary powerful ralcroscoi>e. It is only hj 
tlie use of an ultra-mleroscope that they can be detected, and 
llien they an* seem to be in constant vibration even after 
the milk has bi^en standing at jierfect rest for a long time. 

'riie manner In which tlie ultra-ralcroscopo makes it pos- 
sible to see the minuie particles in the milk can be well 
illustrated by iiKnins oi a very common and w'ell -known fact 
You look acn»ss a room oi at an object In the room and see 
with such dlstlnctnwH tliat vou (Oinment on the perfect 
ideurness of the air Ntiw darkiui the room and allow a ray 
of sunlight to pass Ih rough the air and >ou at once trace 
the line of tlie sun’s niys b\ iniiiiinenible particles of solhl 
matter floating in what >ou foiiiierl.v thought w'us perfectly 
transpaient air They hn\e beim made visible by the sun’s 
rays when thrown into contrast with llie surrouiullng dark- 
ness So with the ultra-inlcroHcope Rv means of a ray 
of arc liglil minute paiilcles that are InvisUiki under a 
iwwerful microscope, are made visible in the same Instru- 
ment by means of this bright illumination These minute 
particles In vibration are termed In scientific language cx>l- 
lolds and tlie vlbrntxir> movement w'as first stH*n by a man 
of the name of Browui, and ever since this movement has 
tavn krmwn as the Browudan movement 

The fresh milk ns taken from the cowi is largely or 
wholly composad of thnn; snbstamx's. The greater part Is 
Iiuie, ordlnar:^ water. In this water are colloids of two 
distinct variatles. If a i>an of fresh milk be set aside it is 
only a innttei* of a few liours until the colloids of one variety 
ixdhvt at the top of the milk where they form our vvell- 
*lflGf)rJDjt^'fr6in Oil Nnes, Jan 20,” 1920 ” 


known cream Tlie ( ream imv Ing lieen skimmed from tlie 
milk and set aside will in a short time sour, an acid having 
been formed m It This sourm*»s or acidity causes the fX)l- 
lolds of the cream to coagulate, or gather together In small 
globules, which are recognized as fat The soured cream Is 
iH»xt put througli a churning process which causes the small 
globules of fat to unite, forming what we know to be butter, 
and this when can led to the pioper state Is removed from 
the water. 

Having disis>sed ot our ci'eain by tlie removal of the 
(ollolds as butter, we will now turn to what we ordinarily 
term our sklrn milk, and we find in due time this will 
also tuin sour and the white matter in the milk coagulate, 
and perhaps you have seen this prcnUict [lOured Into a suit- 
ablv arranged bag and the wati*r drained out, hxivlng our 
(ottage c)uH»ae In the bag. With the removal of the colloids 
in the form <»f coltagt* <lux?se and the final elimination of the 
w.iter we have completed the total destniction of the milk 
.Mild Its separation Into thnv prodmis, butter, cheese and 
water, and the first stop m this separation is the formation 
bv Nature of an acid wdthin llie Ihimd. the presence of this 
lu Id being quite essential for the removal of the fats, or 
lojid material, fixim the water with which they are asso- 
*lated An alkali, such as lliue nr caustic soda, would have 
at coinpUsheil the same result, but Nature uses an add as 
t he means ^ 

Petroleum as taken from the earth Is also full of col- 
loids, but It Is not so easy to understand w milk. Its chem- 
ical composition Is now well known, but there has not been 
a clear comprehension of Its physical make-up, and this not- 
withstanding the fact Uiat the value of petroleum largely 
dei>onds on the physical characteristics of its several com- 
l)onenta which range from the thin, clear benzine, through 
our kerosene, fuel and lubricating oils The thickness, or 
what is termed viscosity, of these several component parts 
Increases in the same order from the benzine to the heavy 
lubricating oils 
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An examinutioa of the many pnxlucta of petroleum, by 
rniHins of the ultra- microscope, <liscloees the fact that col- 
loids exist In all of them with the exception of the benzine, 
and, further that the number of colloids present Increases as 
the i>etroleum product increases in viscosity, and this, natur- 
ally, leads to the idea that the viscosity may be due to the 
presence of the colloids, but whether that bo true Is not an 
assured fact, yet It la a fact that It Is to them that lubricating 
oils owe their greaslness and unetnousness It is tlie greas- 
Iness of lubricating oils that causes it to udliore to the sur- 
faces of the shaft and bearings, thereby keeping them sep- 
a rated, while its uncluousness causes easy slipping of the 
surfaces, and as those two qualities are due to the presence 
of tlie colloids, It Is e\ldeiit the leul value of the liibrl<‘ating 
oil lies In these colloids. 

As the value of tietroleiini lulirhuting oil lies in the <ol- 
lolds i»resent In the oil, and, In turn, the existence of our 
Industrial life depends on lubricating oils, It la well to have a 
fair understanding of the nature of these all-important ultra- 
mlcro^toplc particles They have the greaslness and unct- 
nousu(488 of the butter colloids, which are cotninonly known 
us fut, hence wo cannot l)o much in error If we call the 
colloids found In petroleum, tat. One we know as an animal 
tat, and the other we will <*aU petroleum fut. 

It Is quite well understo*Ml that an animal fat cannot 
he rubbed off a surface upon which It has l>oon applied, nor 
will plain water remove It use soap and w^ater. Applv 

such a test as this to a lubricating oil Take the same oil 
before and after being sub)ected to the usual filtering pro- 
cess as oarrifsl out hv the oil refiners select four pi<s*es of 
glass, such for instance, as the common glass slide used in 
mounting obje<*t8 for microscopic examination , on the center 
of one slide place a drop of the unflltered oil and (o\er the 
diop with another one of the slides, on tlio third slide place 
Ji drop of the fillereil oil and on Ihia platv tlie fourth slide 
Now' taking those two sets in >our hands betwet'n the thumbs 
and fingons. rub them for some minutes, after which place 
iMith hands beneath the surfa<*e of water and continue rub- 
bing the two sets of slides undc*r the water the same as they 
were rubbed In the air. In a few' minutes it will he found 
that tlie two glass plates between which the filtered oil was 
jihictHl are in oontni't, the oil having h(M»n waslunl away hv 
the water, vvheri*nH the plates betwism which Ihe un filtered 
oil was placed are not In contact, and upon leinoving the 
sliding from the water it will be found there Is a nml grease 
oi fat body between the glass plates, and lids (‘an not he 
removed, excepting by the usi» of so^ip and water The result 
of this test can only he coiifstnusl as pi oof that the filtering 
removes valuable fats, the oil lieing lmpro\eil in appearari<*t* 
ni the expense of Its ethclency 

All tx)lloidR are suhjec't to much the same laws Acids, 
most alkalies and chemicals generally are poison to them, 
their colloidal state being destroyed, as has lM‘cn slnnvn In 
the case' of the soured cream and skim milk. Another lin- 
IMM'tunt p(>lnt Is that they udliere to any object they are 
brought In contact wdth This fact has been commented on 
:is a valuable one In lubrication when they adhere to the 
surfaces of the shaft and bearing 

Having thus l>rlert.\, and ui a very general manner, re- 
viewjtHl the characteristics of < ollolds, and more particularly 
fat colloids, let us look Into the methods usually prac- 
tU*ed in the so-called refining of petroleum lubricating oil. 

Previous to the discovery of petroleum In quantity, there 
was sold on the market for illuminating purposes, what was 
culled “coal oil.” This coal oil In Its use was made to ascend 
a wick, and to do so successfully it was found necessary 
to treat It with sulphuric add In order to free It from Im- 
purities that caused clogging of the wick This same acid 
treatment was found necessary with kerosene as taken from 
ivetroleuin. The preparation of kerosene for the market event- 
ually took some such form n-s this — treatment with strong sul- 
phuric add followtHi by n treatment with caustic soda, fol- 


lowed by washing with water, followed b> filtration through 
fullers’ earth. It would not be expected that any fat col- 
ollds present in the crude kerosene would escape this extended 
4’liemlcal and filtration treatment. Nevertheless, some of them 
ilo, us can be 8 <h»u in a;i ultra-mlscrw&cope. It is the presence 
of these few fat colloids in kerosene that causes this liquid 
to produce a grease spot or stum on any fabric it is brought 
In C4intact with. The main purpose of the chemical and flltra- 
lioii tnatnient of kerosene is to remove the fat 'Colloids. 

It may he found dlfflcult to believe that this highly suc- 
t'cssful rnedhod of removing the fat from kerosene would he 
used in the treatment of luhrleatlxig oils, for ihidr worth Is 
wliolly due to them, but nevertheless, such Is the fa4d:. A 
iiiiinber ot methods and processes are practised In the treat- 
ment of lubricating oils, but each of them contains all or a 
pait of the stei>s practised with kerosene In BOmi* cases as 
must as eight p*r cent in volume of the oil is lost in the treat- 
ment w'lth a sulphuric acid and still other amounts are lost in 
tlm caustic S4>da and filtration treatments At least one-half 
4)f the coal (•onsuined In making steam to run manufacturing 
plants IK wholly lost in friction, and as our lubricating oils 
ni4* us4m 1 to readme or prevent friction, any treatment that 
tends to diminish the lubrlmling v'lilue of tlie oil should be 
U>4)k4xl up4m with pr4)nounced disfavor. 

rndoubtedly the pixicesses through wMch the oils are 
passed improve their appearance Immensely bec'ause the 
|)ies<‘n<*e 4)f the fat colloids tends to produce a dark and 
riitlier iinpleaslng apparance, and this is quite objectionable 
fn>iii a salesman’s point of vic*w Thi* public, and more par- 
ti4ulail> the manufacturers, should not be interestcnl in the 
('olor of an oil They should demand of the oil salesman 
some proof as to the lubricating values of the oils he offers 
f4>i sale Evidently the refiners must know their refining 
juocesses reduce the efficiency of the oils as lubricants as evl- 
lienied by the fact that they uwe black oil that has not been 
subjected to a high degree of refining when they themselves 
undertake extensive lubrication, as in railroad car journals. 

The mi^re thoroughly the question of lubrication is studied, 
the more iKiisItlve the conviction ht^comes of the truth of the 
statement recently made by Mr W H Hardy, F. R. S., sec- 
i4»tniv ot the Royal Stxldv of England, that “the problem 
of lul>i M atloii IS increl> a special pr4»blem of f'olhddal phy- 

vu*s ** 


CONTRAST SENSTRILITY OF THE EYE 
A KNowr.EDOK of thc (‘fintrast Honslhlllty of the eye Is very 
essential to the pniper understanding of tlie theory and use of 
soniehlampH and searchlight Illumination 

The search lamp is uschI at night when tin' eye Is generally 
.idapted to low levels of illumination If the olwerver is far 
removed from the searchlamp the inuminutl4)n miy be simply 
that fnan the moon and sky If he Is m^ar the lamp, however, 
he must h>ok through the ilirfusiHl light along the beam. 

In onler to be visible, the target must he Illuminated to a 
degree that v\m11 make siifilclent (ontinst In brightness or color 
lietwwn It ami this surnmndlng fidd I>atn are given showing 
the lelntionship tiuit oxlsks l>et\vism the brightness and the 
si /,0 of the tnrg4*t and the brighint'ss of the surrounding field 
In thesi' evperlments a large surface painted white was 
inumlnat4*d with nn Incandescent lamp The target constsled 
4)1 a KX'tttngiilnr spot of this surfat'c more brightly lllumlnate4l 
by ineanH of a projection lantern, (xiulppiMl with a simple 
bilateral slit. The Image of the slit doternilmxl the bounda- 
ries of the \vfit spot or “target," thc length of which could be 
varied by varying the silt widUi Precautions were taken to 
have the brightness across the image of the slit uniform The 
bnghtni'ss of either the test si>ot or field could be varied by 
means of S4*clored disks, so that any desired contrast between 
them could be obtained for any given brightness of field. — 
Abstract of Saevtifle Paper of the Bureau of Standards No. 
b> Enoch Karrer and E P T Tvndall 



The Synthetic Tannins and Their Use in T anning * 

Efforts to Replace the Natural Vegetable Product 
By Ed. Nihoul, D. Sc., Professor of Chemistry at the University of Li^e 


according to Trimble's classiflcation, the one most 
/A generally accepted, the tannins are divided Into two 
^ ^groups: the pyrogallic tannins and the catechlc tannins. 

Pyrogallic Twimins, — ^Tliese tannins are derived from pyro- 
gallol, and possibly, in the case of some of them, from phloro- 
gludne. This group Includes the 
tannins extracted from the wood 
of the oak and the chestnut and 
from the bark of the willow as 
well as the tannins obtained 
from the sumac, the valonia, the 
dlvl-divl, the algarobilla, and the 
myrobolans. 

All of these tannins behave 
differently with respect to hides 
and yield dissimilar results. 

This is due In large part to other 
substances combined or asso- 
ciated with the gallotaunlc acid. 

Among the former those of spe- 
cial Importance are gallic acid, 
eUagitannlc acid, ellaglc acid, 
and other compounds whose 
molecular formulas are not 
known and among which several 
(catellaglc, metallagic, and fla- 
vellamlc acids) differ from 
ellaglc add only In their oxygen. 

The tannin of oakwood is sup- 
posed to be a methyllc deriva- 
tive of gallotanlc add mixed 
with other compounds which 
readily insolubllize the surface 
of Abies. The myrobolans, the 
valonia, the dlvl-divi. and the 
algarobilla even contain besides 
gallatanic acid another com- 
pound, ellagltannlc add, which yields a deposit of ellaglc acid 
either through the action of ferments or of mineral acids. 

The extracts of oak wood, divl-divl, and algorabllla contain 
pyrogallic tannins which resemble at once gallotanic acid and 
ellagltannlc add. Gallic add is found In the company of 
most of the pyrogallic tannin, from which It is derived by 
hydrolysis. Gallic and gallotannic acids are quite well known, 
while our knowledge of the other two Is of more recent date. 
Ellaglc add Is particularly Interesting because of its impor- 
tance in the tanning of heavy leathers. Perkin has demon- 
strated that It is a double lactone derived from hexa-hydroxy- 
diphenyl-dicarbonlc add whose composition, as well as that of 
ellagltannlc add, has been made ktmwn by Meunier.* I will 
add that the formula of gallotannic acid as stated In works 
upon general chemistry and upon the art of tanning has been 
much discussed becauso of the fact that this acid, which is 
obtained by synthesis, is not optically active, while tannic 
add, which Is obtained from natural pyrogallic tannin, af- 
fects, on the contrary, polarized light. . . . Nlerensteln regards 
tannin as very 41 fferent from ellagic add from the fact that 
the Arst when distilled wlUi zinc powder gives diphenyl — 
methane OgHi OHt C«Hb while in the same conditions the 
C,H4 

second gives Auorene | 

CiH 

By acetylizing tannin wo obtain two different products, one 


The eignifloant statement recently made 
by an important English journal dealing ivith 
the leather trade that the great German dye^ 
works, the Badische AntUn und Soda Fabrih 
IS stilt taking out patents for further products 
based upon Btiasny*s invention of Neradol, be- 
ing evidently convinced that there is a daxzUng 
future in store for synthetic tanning material, 
which will probably prove to be **as big a gold 
mine as synthetic indigo,** 

They add: **There is in addition a German 
patent No. 262,558 whdeh appears to cover a 
very wide range of substances capable of con- 
verting animal skins tnto leather,** The French 
oheimcal joumatf Chimie et Industrie, in com- 
menting upon this statement, remarks that 
while xt is true that the great German chem- 
ical works has continued during the last two 
years to take out new patents upon sulphonoxted 
products to be used in tanning it is by no means 
certain that it is in this direction that the in- 
dustry of **synthetio** tannins will develop. 
Without pretending to decide as to the merits 
of these two views we are of opinion that the 
subject is one of great importance and interest, 
both on account of the ominous rise in the cost 
of leather, for whose various applications no 
entUrely satisfactory substitute has even been 
found, and because of the steady diminution in 
the sources of supply of natural tannins* We 
are, therefore, glad to present to our readers 
the following discussion of the matter by a 
distinguished authority.^Evjrou, 
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of which pent^cetylate, melts st 208* O., while the other, hex* 
aeetylate melts at 116*0. He believes tannin to be compoasd 
of a mixture of gallotannic add which yields pent-«oety* 
late and Its reduction product, the leuoo-derlvatlve, which 
yields hezo-acetylate, and that It is this leuco-tannln which 

causes the activity of^Ahe natu* 
ral product. 

CatecMo tanntnu . — These are 
derived from pyro-catechln, and 
some of then^ perhaps, from 
phloro-gluclne; they are some* 
tlmee found mixed with pyro* 
gallic tannins In natural prod- 
ucts. To these are added the 
extracts from the bark of the 
oak, beech, pine, hemlodi, mi- 
mosa, and mangrove, as wdl as 
the tannin from the quebracho, 
the gambler, the cachetn, etc. 
These also behave differently 
with respect to the faldee, vary- 
ing evmi more iwrhaps since they 
are associated with a larger 
number of foreign substances; 
among these we may esi>eclally 
mention : 

a. The catechlns, the hydro- 
lytic products of these tannins. 
These are slightly soluble In cold 
water. Perkins has isolated 
and studied the cate<hic tannin 
of the gambler, which he ob- 
tained crystallized with four 
molecules of water, Its formula 
being CuHmO,4H,0: 

b. The phlobaphenee, which 

are the products of condensa- 
tion, on the contrary, and which proceed from the de-hydra- 
tlon accompanied by oxidation of the catechlc tannins. Each 
tannin posesses a series of t)iesc anhydrides, and the further 
dehydration is carried the less soluble and the more highly 
colored they are. 

Among the catechlc adds the most Important Include (1) 
the quercitannh* acid of oak bark, which forms derivatives 
with bromlum and Axes 28.4 i>er cent of this substance; this 
acid ts also found In the bark of the mimosa. 

(2) Quebracho-tannic acid, which Axes 48 per cent of 
bromlum. 

(3) Cacbon-tannic acid, which Axes 60 per cent of bromlum. 

Finally, there may be mentioned among the tanning sub- 
stances found in this group coloring products having a con- 
stitution which is quite complex; these are called Aavones. 

None of these catechlc tannins has been isolated In the 
crystalline state and pure, and no one has any exact idea as to 
their structural formulas. All one can say is that they have 
excessively high molecular weights. Koerner found the mole- 
cular weight of the tannin of the quebracho to exceed 1,000. 
According to Paterno, theee weights may vary between 2,600 
and 8,600. It reeults from this that the tannins exist in water 
In the form of a colloidal solution. They are much better 
abeorbed by the hydrogels when they are In the form of an 
aqueous solution than when dissolved In other vehicles. ,Wls- 
Ilcenus has proved that In certain conditions tannin is ab- 
sorbed by nascent alumina In the proportion of 78 per crat, 
while In an acetic solution the proportion Is only 82 per 
cent Koerner also found an absorption of 00 per cent for 
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Qu^tacbo tannlQ in an aqueous solution and only 58 per 
cent In an acetic solution. 

Prof. Procter, who has studied the phenomena of tanning 
quantitatively, has shown that the difference of potential 
which es^ts between ihe superficial layer of the mlcellary 
particles of tannin and the mass of the solution, diminishes In 
proportion as the ooncentratlon of the electrolyte augments. 
When this difference becomes very small the tannin begins to 
become flocculent and since the micellae of gelatine and of 
the skin substance have precisely opposite signs this author- 
ity believes that it is the electric neutralization of the par- 
ticles in contact which produces the co-preclpitation of the two 
colloids, thus causing the fixation of the tannin upon the 
skin, and also the absolute Insolubillzatlon of the fibre thus 
transformed, which appears to be due to phenomena of a 
different kind. 

As a matter of fact it has been thoroughly demonstrated 
that the vegetable tannins are colloids, and this being true It 
Is believed that there can be no question of obtaining by 
syntheiris compounds which are identical with the natural 
tannina 

aCCBNT SYNTHETIC STUDIES IN THE OBOUP OF TANNINS AND THE 
PBOBABUC ACTUAL CONSTITUTION OF PYBOOALLIC TANNINS. 

The formula of dlgalllc acid has long been attributed to the 
tannin obtained from gall-nuts. Walden observed in 1897, 
that the natural product differs from tannin acid by several 
of its physical propertioA, In particular by its electric conduct!* 
bility and by its behavior with respect to light Moreover, 
arsralc add exerts a different action upon the two products, 
and the molecular weight of tannin Is manifestly higher. 

Nlerensteln suggested that natural tannin might be a mix- 
ture of dlgalllc add and its optically active reduction product, 
leuco-tannln. But such a mixture ought to be more add than 
the natural product and ought to have apparently a lower 
molecular weight. 

Fischer has made progress In the study of this question, 
as shown in his various works published between 1906 and 
1913. He began by purifying the natural product obtained 
from Chinese gall-nuts, by eliminating the compound con- 
taining free carboxyl groups by means of ethyl acetate; in 
this manner he obtained an optically active product. He 
next studied the products of hydrolysis obtalni'd by the acid 
method. He found that pure tannin decomposes into one 
molecule of glucose and ten molecules of gallic acid. This 
would indicate that the natural substance is an ether com- 
pound composed of five molecules of dtgahe acid and one 
molecule of glucose. 

Fischer attempted the synthesis of the corresponding gallic 
compound. The operation was not possible by means of tlie 
ordinary process, proceeding by means of the chloride of the 
acid since the clorlne of the clonde of phosphorus bears the 
same relation to the phenolated OH groups. He began by 
fixing the OH groups of gallic add by the chloride of 
acetyl. 

The carbo-methoxy derivative thus obtained by the elimina- 
tion of hy 4 }rochlorlc add Is sufficiently stable to permit the 
reaction of the chlorine upon the carboxyl group. It should be 
easy consequently to reconstitute the hydroxyl group by ex- 
pelling the carbo-methoxyl groups by means of slow hydroly- 
sis, He, therefore, caused the chloride of tlie acid to react 
upon the glucose In a chloroformic solution by employing 
quinolein to fix the hydrochloric acid form, which gave him the 
penta-trlcarbo-methoxy-gallate of glucose. ... 

The compound thus obtained was saponified by a slight 
excess of alkali dissolved In an aqueous solution of acetone, 
under these conditions the carbo-methoxyl groups are removed 
at ordinary temperatures and the penta-gallgte of glucose is 
isolated. This compound is very similar to tannin, different 
from It. however, by the fact that it exerts no action upon 
Ught 

Hersig undertook the synthesis of n^ethylo-tannin and ob* 


talned by hydrolysis trl-methyl-galic add on the one hand, 
and on the other the a-synunetrioal m-p-dime-thyl-gallic add. 

These facts cause us to suppose that tannin is an ether 
of glucose with five molecules of m-dlgallc add. However, it 
is possible that these compounds which enter into combination 
with the dlgalllc acid are poly-saccharlds, and that the glucose 
is produced only by the hydrolysis of these compounds. The 
different products prepared by the preceding method, by means 
of various hydroxy-adds and of saccharids, possess character- 
istics analogous to those of the tannins. However, up to the 
present time no one has been able to prepare these substances 
at a price even remotely approximating that of natural tan- 
nins. Substitutes alone have been put upon the market. 

rRACTICAL DEFINITION OF THE SO-CALLED “SYNTHETIC” TANNINS 

The word tanning as used in industry signifies the trans- 
formation of hides in which leather, i. e. an ensemble of 
transformation whose object Is to render the hide non-putred- 
ble, non-sensitive, or but slightly sensitive, to the action of 
water and of dilute chemical substances and not rapidly 
affected by bad weather, etc., while at the same time pre- 
serving a certain degree of fiexlbillty (which varies accord- 
ing to the kind of leather), a certain degree of elastldty of 
the original tissues, and a sufficient aimunt of resistance to 
traction, etc. 

Substances capable of produdng these results are numerous 
and very varied. They include, in particular, besides the ! 
natural tannins, fatty substances, formol, and a large number I 
of mineral substances, espedally the salts of cromlum, of { 
aluminum, of iron, of zinc, of sulphur, of silicon, etc. In the 
industrial sense of the word all of these products are tannins. 
It is not strange, therefore, that investigators have sought in 
the group of phenolated compounds substances capable of 
causing the same results. 

The first researches along this line were made by, Prof. 
Mennier, of the University of Lyons. The process of tiihnlng 
by means of qulnone, which he perfected, was In use In 
France and Germany before the war. Prof. Stlasny of the 
University of Tweeds endeavored to prepare by synthesis pheno- 
lated compounds of a more complex character, with the ob- 
ject of obtaining compounds more closely resembling the 
vegetable tannins. He manufactured a substitute which the 
rtadUche AnaUn und Soda Fabrik patented under the name of 
“Neradol D,” which was employed In Germany and partitfft 
larly in England. These two compounds can be obtaUMd^ 
simply and easily as by-products and may even occur as i||^ 
dues in the utilisation of substances derived from the dlstQPc* 
tloa of coal which the allied countries propose to continue to 
treat In large quantities after the war. . . . 

ACTION OF QtllNON UPON GELATINE AND UPON SKINS. MEUNXKB'S 

RFSEAKCHES, 

a. Actiofi Upon Gelatine --In 1008 Meunler and Seycewitz 
published their researches concerning the insolubillzatlon of 
gelatine by the action of the following organic compounds: 
phenol, resorcine, orcine, hydro-qulnone, pyrocatechln, gallo- 
tannlc acid, pyrogallol, pararaino-phenol, chloro-phenol, picric 
add, adurol (mono-chlor-hydro-qulnone), the beta-naphtol-dl- 
sulphonlc acids (R. G. adds), and beta-naphtol-mono-sulphonic 
add (S. acid), . . . The phenols, which are only slightly solu- 
ble In water, such as the alpha and beta naphtol (not more so 
than the amines), the amino-phenol, simple or substituted, 
whether In the state of free bases or In the state of salts, do 
not yield a precipitate in gelatine solution. 

When the precipitation occurs under conditions favorable 
to oxidation, the phenol and even the amlno-phenols yield 
predpltates which are Insoluble in boiling water. The dis- 
covery of this fact led investigators to test the products of the 
oxidation of the phenols. The qulnones and particularly ordi- 
nary qulnone were e«g>ecially tested In this regard. They 
found that “quinonated gelatine constitutes the most stable 
form of Insoluble gelatine thus far known," since it resists 
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ui>\ onlv the netlon oi \\"ater but al»o that of dilute 

a( itls aijcl alkalis. 

Tile non-sol ubi I Ization oeours with extreme rapidity . 
luiMiiK been obtained even in less than two hours at 35® C 
'rho (lulti-hydrories uet In the oame manner, but more slowly 
Experiments with forinaldehydlde, on the contrary, yield u 
product which dissolves totally in hot water upon repeated 
trt*atments and which decomiKisea under tho action of a high 
heat into formaldehydes This product Is dissolved by a 
l»vdro<‘hloric acid at 15® C and by dilute alkalies. 

h Action Upon The same results were obtained 

with the phenols and the arnlno-phi'uols in the presence of 
oxidizers as with the qiilnone compound cmploj^ed with o\i- 
illxers Comparatl\e tests of other compounds capable ol 
a fleet! UK dermii* tissues have led to the conclusion that a 
quinone solution containing only one part of qulnone for 
every one hundred parts of raw skin will Insolubillze the 
tKsue and transform It into leather whose rotrlstance to the 
action of water, alkalis and acids Is suiierbir to that of all 
other known leathers, Including the chrome leather, and 
whose resistance to friction is, at least, tniual to that of the 
above leathers tanned by oak bark. 

The analysis of the baths used has demonstrated the pr<*s- 
ence of hydro-qulnone, which proves that n iK)rtlon of the 
qulnone 1ms served to oxidize tlie skin substance, while the 
rest of It Is corn] lined In a stable manner with the oxidized 
skin. Rut hydro-quinone is oinlneiitly oxidlzable and tin* 
yield would be belter If one could succeed In reoxldizing it 
Hence all conditions which favor the alisorption of oxygen 
likewise favor tunning The uh<' of catalyzers (laccasses, artb 
tidal poroxy-dlasiasi*s, the acetates of manganese, of cerium, 
of lanlhauiura, etc.) will make iiosslble, therefore, a quicker 
and more p<Tfect utilization of the qulnone Meunler alv) 
observed that oxydases which are found among the soluble 
matters are given uf) by the skin during the process of tanning 

PBOHKUTIX8 01 QUINONK AND METHOD OF OBTAININO 

The qulnones in geneml are obtained by the oxidation of tlie 
<H>rrespondlng imra-dlphenols They are also pioduml when 
the OH groups number more than two, provided that two of 
them exist in the para position. Th(‘y are formed by the om- 
datlon of a large number of oom|K>unds derlverl from tlie 
phenols, c, p, p-plienol-«ulphurlc add or other amino-pheno 
lated compounds, such as p-amino-phenol , but they are like 
wdse formed by means of certain inono-substltut(‘d derivatives 
of benzene, such as nnullne It is this process which is ummI 
In Inlwrntories for the preimration of ordinary qulnone, diro- 
mlo add being the oxidizer. 

Among the principal proper! les which Influence tanning are 
the following- 

Qulnone Is only slightly wdiible in cold water (05 per eeiit ) 
It dissolves better In hot w-ater and in a<idulateil water In 
practice It Is dissolved In sllghtlv acid boiling water , . but 
the operation must be performed in a dosed container aint-e 
the pniduct Is very volatile and is easily earned oil by the 
Acid solutions rcmmln unaltereHl longer than either 
neutral or alkaline solutions, especially the latter Light L 
unfavorable, ladlUatlng oxidation Qulnone solutions must 
not come In contact wllh m(*tnls or wooden containers when 
the latter wntain tannin or when the vat has been previ«aish 
used for tanning with Vegetable tannins, since othorwisi* 
their coliir will bceoine nwieb more Intense and they will lose 
their property of producing a light (an Qulnone keeps well In 
the crystnllzod state in wooden or tin containers trhen dry 
It is preferable to prepare the solution befonimud, making 
sure that they contain no undlssolveti qulnone. 

ApplicatU}H. — Qulnone alone will tan the hide completely 
In a few days, 3.6 parts of qulnone being employed for 100 
parts of raw sl^n. At first sight it would S(>em, however, that 
qulnone tannln^f is the ideal process both because of Its rapid* 
Ity and because of Us cheapness. However this is not true in 
the ^present i^tate of the leather market Aside from a few 
kinds of light leather . . . leathers are sold by weight This 


custom was established at a period when tho raw skins couM 
be bought at a price nioderutel^ higher than that of the tannin. 

. . Since then the situation Is changed — green hides with 
the hair on arc sold at a fomudqble price, and the dispropor- 
tion between Its value and thot of the unit of tannin . . . has 
become considerable. The result Is that leathers, especially 
tliose made by rapid processes, contain more or less combined 
or iion-oombined tannin, so that many of them often contain 
no more tlmn 30 to 35 per cent of the sub-stance of the hide 
K'^elf Under such conditions qulnone tanning cannot com- 
l»ete with tannin by vegetable extracts, except in the case of 
light leathers which are Mild by the square foot. . . . The chief 
use of qulnone in fact Is for pre-tauniny. 

Even before Uie discovery of qumone formol was UHt*d (or 
the pre-trentnanit of leather In order to isolate the ftbn^ from 
4^ach otln»r and give them the dt^sired firmness and resistance, 
enabling them to bear the action of the highly concentrated 
solutions used in rapid tannin. The formol dotss not persist 
In the hither and experletuv hah shown that after being 
stored for a few months these leathers become brittle Qui- 
none does not produce such an effect and the hides treated 
with it fix the vegetable tannins with remarkable raplclitv 
w-lthout affecting unfavorably either the leather or the mod- 
ern rapid process, hence Its use has rapldlv spread espe- 
cially in the tanning of sole leather 

<iulnono pre-tanning Is used In preparing strap hmther 
well as heavy leather and glossy b»aiher, experiments having 
showm that this treatment enables It to undergo resistance tt» 
tia^-tlon longer than usual It Is also used for vamp leatbei 
and foi leathm* prepared by vegetable tannins as also in mixed 
tanning logether with chix>m<» 

In preparing liox calf tbe <|uiu«me is applied in the 
pn^sence of ladle add. (KX) gr of quinoiu* and 300 gr. of 80 
per cent lactic acid, applied three times, being sufficient for 
100 kg of hitle If the hide has undergone the bran treat- 
ment the lactic is useless; acetic acid Is better for tho ordinary 
leathers mentioned above 

('•hrome (nunln is obtained in a bath, the quantity of chrome 
generally employed being reduced to 0/10 of the amount The 
amounts of borax, of sodium bicarbonate, or of the ammonlimi 
mixture required for neutralization are likewise reduced in 
tlie same proportion 

Black l)Ox calf thus pro^luced has the following advantagt^ ■ 

1 The U^ther Is more iiervmus to air, making cooler and 
more hygienic shoes 

2 It Is more pliable uml the bloom Is finer . , 

3 The black ts)lor is more uniform, not only In the dilTeieiit 
imrts of the same lUde but also In the same lot of hIdeN 
w'hlch iucreaseR the percentage of first class leather. To pm- 
duce the box (*alf color the proportions reciulred of sumac and 
of gambler can be greatly nsluced. and the bloom is never 
either hard or brittle. "Jiie Hiiiiie thing Is true of glossy calf, 
either !)lack or colore<l Finally the tanning of kid skins lor 

can be pt*rformed in a bath and the application of the 
(olor does not require pre\ious te»«ting 

\KHAIKX-D OK ,S\JVl\N 

The Work of ^tiasny — Stlasn.v's purpose was not merely 
the ntilaclng of natural tannins by other tannins (Indus- 
trially speaking) of much simpler character like quinone, but 
the preparation by synthesis of substances resembling natural 
tannin as closely as possible. 

Such products nHist have a wxdl defined composition wbi<-h 
can be modified at will by the introduction of new alkyl 
groups, with the view of manufacturing an entire series of 
tannins specially suitable for obtaining all known varieties of 
leather and even other kinds as yet unknown. Tbe use of these 
tannins, to which the Inventor gave the name of “syutans,” 
was Intended to remedy the more or leas empirical character 
of tanning by vegetable tannlna ... by producing compounds 
of known composition and definite action. 

Stiasny presented his first communication upon this suh- 
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Jpct In 1913 to the l/ondoti Society of Chemical Industry, of 
which paper we here give the following abstract • 

The synlans are products of condensation. They are ob- 
tained by heating the phenols with formaldehyde in a slightly 
acid solution and then rendering Insoluble the resinous sub- 
stances thus obtained by the action of sulphuric acid. They 
cun also be prepannl by sulphonlzlng the phenols and then 
condensing them with formuldehyde under such conditions 
that products soluble In water are alone obtained According 
to the inventor the condensation process prox>erly consists In 
the formation of a derivative of diphenyl-methane, which 
by polymerization leads to the formation of molecules having 
n high molecular weight, which fact Imparts its amorphous 
character 1o the product. 

Syntans resemble m aai)ect tannin extruHs but are less 
highly colored Their aqueous solutions are senii-i'oHoidal 
an<l traverse semi-pt^rmeable membranes only with great slow- 
ness 

They preclpitule gelatine Together with salts oi iron 
they produce a deep color. They are pn^clpitated by lead 
acetate and by hydro-chlorate of aniline Finally they tan 
skin like true tannins 

Neradol-D (which up to the present tune is the principal 
tiroduct put upon the market ) when employed alone yields a 
\ory pliable leather, having a characteristic light color It Is 
used in combination with other tannins for tin* pro- tanning of 
heavy leather in the same manner us quinone Like Hie latter 
It protects the bloom which it tans slowly , tin* latter d<ies 
not break after tanning with strong extracts and It is but 
slightly sensitive to the later action of light Flnall.v It ac- 
ceh'rates the proet^ss tanning and does not interfere with 
the yield by weight Its use Is recommended for the re- 
ta^iuing of Indian siu*ep-sknis and also f<ir simultaneous em- 
ployment in chrome tanning. 

The author h(r< rommonta upon the hieh of detail given 
hy Stta^nyr rcniarhltiff siffUi/lcatUly that tn 1911 ! he had aotd 
hm patent to the Company, Ltd,,** wkUh firm placed 

the product upon the market uudet the name of Ncradol-D — 
l^lniTOK 

I*KM*AUVrioX (»l Till S^MWS 

At the beginning ot the win the German-iimde Neradol-I> 
dlsapiH’tired from the English market. It w’as then noleil 
that it had enjoyed a very wide use and products were Uiere- 
npon prepared from the data given m the patent, which 
fliflPered considerably from each other according to* the manu- 
facturer The color of these products varies from red-brown 
to black and the consistency from the fluid to the pasty con- 
ilition, AH of them contain non-soluhle substanc<*.s in con*<ld- 
criiblc proportions and appear to behave In practice like 
Neradol-D. 

The raw maU*rlals used consist of crchol (CH,) OH 

(which IS found in coal tar), sulphuric acid, forinol, and 
caustic M>da 

The testing of thes6 substances is quite easy except as 
regards crude cresol which not only contains the three Istmiers 
of this body, but also variable quantities of other phenols, of 
p^ridLn, etc. The latter remains in the form of the sulphate 
(luring the operations and does not Influence them. 

The manufacture occurs in three phases — sulphonatlon, 
condensfitlon, and neutralization . . . 

а. SylphoHation, A mixture of equal weights of cresol 
and sulphuric acid is heated until complete sulphonatlon oc- 
curs . . . The time required varies from 1% to 8 hours ac- 
cording to the nature of the raw material, temperature, 
etc. . . , 

б, Condensation , — This process* which is performed in the 
cold, Is slow and tedious, and it Is dlftcult to tell whether 
the reaction occurs under good conditions. All that can be 
determined positively is the complete disappearance of the 
phenol odor which Is replaced by the vapors of formaldehyde. 

The sulphonated product is then ooolfd, after which for- 
mol Is poured Into It very slowly duHng continuous stirring. 


care being taken to keep the temperature b<dow 35* C, and 
regulating It **ither by a worm or by a double wall Avhereln 
water or some other liquid, kept as tvild as possible by a 
freezing machine, circulates The addition to the solution of 
formaldehyde causes a considerable rise of temperature, both 
iMK’ause of the heat developed by the reaction and because of 
Its mixture with the concentrated suipluinc a<id thus pro- 
dutx'il 

The substance obtained Is \(*ry vlsc<ms. and has a dull 
brown color of n hllghtl/ rtnlish cant This is hygroscopic 
and must be neutralized without too great a delay, 

a Neutralization —The product contains al>out lifi per cent 
*»f acid calculated in sultdiurlc acid It Is partly neutralized 
so as to riHluce the acid approximately to tin* nmtent of a 
normal solution, 1 e 4.9 per cent of sulphuric acid The 
(pialUy of soda solution n*qulred must be ('itlculated H('parately 
for each vat 'I'he heat develofjied by the I'enctioii Is consid- 
erable, hence the soda solution must not only be added very 
slowly with constant stliring but the mass must be cooled 
externally as descrilnsl Under these conditions tlie liquid 
dears up greatly and loses a large putt of its viscosity 

It Is posslhb* that bv <ausing the t(*mp(*rature of the neuiral- 
l/atlon to vary as also the concentration and the proportion 
of the s<)iia solution, siwndary reactions are made to take 
place wblib produce changes in the nature of the (impound 
obtained to such an extent as to cause a greater or less degree 
of variation m tlie latter’s properth^. , At an> rate com- 
pounds are obtained which, while behaving similarly to Nera- 
dol-D difter considerably with n^sixvt to the results obtained 
In tnnuing Some of the pi od nets manufactured in England 
are, In tact, superior to Nemdol-D, yielding leathers which 
are whiter and mon* pllaible although equally resistant. Fur- 
thermore, these products are ('npuble of penetrating tlie calf 
skin in the course of only a few hours. 

The author here quotes an abstract of certatn articles pub- 
Ushid in **The Leather Wot Id'* uith regard to diffircnt prac- 
tical methods of the employment of these products, t^ince 
these arc not necessary to the comprehension of the scienti- 
fic mptef of the subject, wc omit them in this place . — Editor, 

nil^ l«LTl'KK Oh SYMJll'IK TANNINS. 

The so-called synthetic tannins, quinone and syntan, have 
permitted the obtaining during the war of leathers of good 
tluality by rapid methods. Such methods have been almost 
completely isubstituted for the older methods over which they 
pri'sent many and important advantages It cannot be 
douMcsi tliut these new methods will continue to make prog- 
ress In the future, . . Since 1914 the allied countries have 
enormously developed the Industry of coal tar and Its deriva- 
tives, their object being to prepare explosives In the first place 
and secondly the dj'es and medicines tormerly furnished by 
(iermany 

It is probable that the industry of derivatives of coni 
will continue to be extended after the war and Umt raw 
materials for the manufacture of synthetic tannins will be 
obtainable In abundance and at a fair price. , . 

* 4t « * * * 

> 

It must be mentioned, however, that the technl( 
have frequently refernnl to the diflicultlefl (*n<v 
the manufacture of leathers by the use of synt 
many In particular the authorities have even gr 
prohibit their use In the manufacture of lea^ 
for the army. Furthermore, the latest rese 
natural tannins and imrtleularly those made i 
to prove that these substances contain quir 
play the principal part in tanning Accord! ^ 
legium 1918, pp. 71-78) all the various klnd‘ 
points in common with quinone tannin i 
have a qulnonlc character. 

llhe phlobaphenes of quebracho, In par 
cene, when dietlllod with powdered zinc. 
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years ago Nlcrenatetn asoribed this reaction to the presence 
of a hexa-oxyanthraquinone. Powarnln discovered oxy-antbra- 
qulnone In the tannin of willow hark, which Is a pyrogalUc tan> 
nln. As a matter of fact all of the phlobaphenes formed by 
the dehydration and oxidation of tannins contain qulnonlc 
groups In their molecules. 

All tannic extracts contain these compounds, which are 
kept in solution by the pepsinlsing action of tannin. When 
the latter is oxidised the colloldo-chemical character of the 
solution changes. Certain pepsinized phlobaphenes are pre- 
cipitated at the same time as the black humic substances pro- 
ceeding from a more profound dehydration. The latter are 
partially absorbed by the phlobaphenes remaining In solu- 
tion, which is the cause of the deepening in color of the li- 
quid. Furthermore, the soluble pepsinlzers are converted Into 
colloidal substances closely resembling the phlobaphenes. As 
an Intermediary product* of this oxidation one always finds 
benzo-quinone, the quln-hydrone which Imparts to the solu- 
tion an intense red color, a hue which is often attributed to 
the phlobaphenes themselves. 

According to Moeller any oxidation of the pepsinlzers In solu- 
tions of vegetable tanning substances will yield, as inter- 
mediary products, qulnonlc compounds, and these compounds 
may even be preexistant in the plants themselves. But sub- 
stances, having a qulnonlc character possess In a high degree 
the property of forming cololdal pepsinized solutions, and 
are, in reality, the true and only tanning substances capable 
of uniting with the fibres of the skin permanently. The facta 
stated In the foregoing remarks, as well as the present con- 
cept of the nature of the art of tannins appear to Indicate 
that the qulnone process constitutes the method which ac- 
complishes In the simplest and probably in the most rapid 
manner, those phenomena which take place in the process 
of tanning by means of vegetable tannins. 


INDUSTRIAL APPLICATIONS OF HELIUM 
The rare gas helium was long considered of merely 
scientific interest because of its scarcity and the great ex- 
pense of Its production. In the last few years, however, 
helium has been found to be present in the emanations 
Usniing from numbers of hot springs and In the explosive gas, 
often present In mines, known as fire-damp, or in so-called nat- 
nrsil gas. Furthermore, the war has given a tremendous impe- 
tus to the study of helium end the effort to produce it more 
cheaply than was possible while it remained a mere curiosity 
at the laboratory. The reason for this, of course. Is the fact 
that it is admirably adapted tor the filling of the gas bags of 
dirigibles and other balloons, because of the fact that it Is non- 
InflammaMe and non-explosive like hydrogen, which has 
hitherto been empolycd for this purpose. Helium U likewise 
very light, only about twice aa heavy as hydrogen, which is 
the Ughitest of all known subatanoes. One liter of helium 
wMgha 178 ralllograaia. 

The aecenaional power of heUnm la about 92 per cent that 
of hydrogen. This comparatively small diminution of power 
1$ piractlcally insignificant bblng largely compensated by only 
f as mneh diffusion through textHes. Another valuable 
vrty of helium resides in the fact that it con be more 
traversed by electric dledharges than Is the case with 
<«s. For this reason an appartus may be employed 
aerostat to beat the gas by electricity and in this 
'odifying the volume of gas it is possible to vary 
*\e ascensional force, which is of course eml- 

years ago cnly two or three cubic meters of 
1 produced ^d the cost was something llkt 
• meter, Aeceot achlevemente in the pro- 
in this country and elsewhere are Interest- 
in a recent number of Laronase Mensud 
we abstract the following remsiihs : 

' an 'engineer named OottrelUw^l known 


In France throngh bis work concerning the ooRectloa of dost 
by dectrlclty. Important {dents w&re erected In 1918 in the 
United States for the extraction of hsHnm from nsitnial gas. 
These efforts were so successful that when the armlstloe was 
declared 6,000 cubic metem of heUom were ready to be deliv- 
ered for use in military baltoonn The gee from wUdi this 
helium was obtained was found in a well at PetroHo, Texas, 
having a daily flow of 700,000 cubic meters of natoiral gas. 
This gas (which Is composed chiefly methane) contains OR 
per crat. of helium. It Is pH>ed a dietance (rf 160 km. to Fort 
Worth and Dallas. 

The helium la separated out by a procees of Uqulllactlmi In 
the same manner in which liquid air is produced. The three 
methods in practice, those of Claude^ Linde, and Jeffmdes- 
Nortou were omi>loyed in three distinct pkuits, In order to de- 
termine which process was most advantageous. These plants 
succeed in producing helium 98 per cent. pure. The purified 
gas Is used for fuel while the helium Is compressed and stored 
In steel tubes. 

It la to be hoped that this Interesting experiment will not 
be arrested by the coming of peace. It la Verted, indeed, that 
projects are on foot in America lo<dcing towards the annual 
production of 500,000 cubic meters of helium and an accom- 
panying reduction of the price to less than four dollara per 
cubic meter. 

The production of helium at practical prices is cloaely de- 
pendent at present upon the development of the dirigible. The 
latter loses one per cent, of Its ooutoits per day through dif- 
fusion, whlih makes it a steady customer, so to speak, and 
raises the questdon of where saflhrlent supplies of the gas 
can be obtained. We have already ^>ohien of natural gas aa 
a source In this country. In France Prof. Monren has shown 
that considerable amounts of helium exist In tbe gases Issuing 
from hot strings, sometimes as modi as 10 per cent. It is 
also found issuing from the ground in volcanic regions, and 
such supplies may perhaps be regarded as practically inex- 
haustible. 

A practical dlflicul^ arises, however, with regard to the 
production of helium which may be stated as follows^ If 
production from natural gas la deferred until the bellam la 
actually required this involvea deferring tbe use of the natural 
gas aa a oombustlble — end this at a time when It to more 
needed than ever; on tlie other band If the helium to extracted 
and stored till wanted the cost of storage would be pwhtblCiye. 

Accoidlog to tbe writer of the arUde in Larousse; the oolu- 
tion of this dilemina must be sought either In the promotion 
of the commercial use of the dirigible or In smne new appli- 
cation of helium which will increase the demand tor it. Not 
long ago M. Olaiide, whoee i^tme la well known in otmueetton 
with the liquitoctlon of air, having proved that the atmos- 
phere contains three parts of neon and one part of helium 
In 200,000 parts of tbe atmosihere, conceived the idea of 
making use of the helium by employing it to drive a motor by 
means of expansion, and thus being able to obtain In practice 
tempmtures very close to the abeiflate zero. 

At such temperatures the phyMcal prt^tertles of bodlei are so 
greatly modifled that numerous practical appUcaittons may 
be derived therefrom — a typical example to the reducUtm of 
eiectrtc retastance to ousten-milllonth of Ita valus. Further- 
more, these endeavors to produce helium In piacttcal quanti- 
ties may have the bmppr result of ftcUitatbig tbe producton 
of oxygen, thanks to tbe Improvement mode la ilquliactioo 
proc e ss e s . 

Hitherto oxygen has been so costly that ito use bM been 
restricted to certain q»eclal purposes, such an welding, per- 
.tontlon, the Mow-pipe^ etc,, but if it could be furnished to 
dianufiactuters at a reasonably lew twice It to ooofldtaitly pro- 
dlote(r^t a revolutioD to metoUurgical p i oc ea a os would on- 
sue^ and that we mMiht have fornooss fed with oxygen tostood 
of with air. Thus hellam furnishes ns with another example 
wherein pure edence servee es a handmaid to practical 
Industry. 
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A HALF MODEL OF THE “GHWERAL SttEIlMAN," SHOWING THE INTMRBSTING DETAILS OF A GOVERNMENT TRANSPORT 
QUITE TEN THOUSAND PIEiCBS WENT INTO THE MAKE'UF OK aTllS &lODE(L 


Ship Building in Miniature 

Important Part That Models Have to Play 
By Robert G. Skerrett 

(Photograph! copyrighted by tho ICeyatone View Co ) 


S hipyards on the waterfront are matters of common- 
place, bat a marine construction plant tucked away 
high above bustling thoroughfares Is, Indeed, something 
of a novelty. And yet, In a tall loft building on lower Man- 
hattan, In Greater New York, Is an establishment where all 
kinds of craft that float, from kmaU boats to superdread- 
naughts, are tamed out complete in every detalL 
More than that, there Is no other shipyard In the whole 
country boasting departments enough to supply on the spot, 
as the concern In question does, the multiplicity of things 
needed from the time of the laying of the keel until the flut- 
tering colors at masthead and peak Indicate readiness for 
service. True, the vessels produced are not designed to defy 
storms and to force their way onward against pounding seas, 
but In their way and fleld of usefulness they are not dis- 
associated from their water-borne kindred that do battle with 
the changeful elements. Lest the foregoing mislead, let it 
be said that we are speaking of nautical models, of the naval 
architects’s creations In miniature. 

Popularly, the model of a ship le looked upon more often 
than otherwise as an expensive toy — a plaything In a meas- 
ure that may be extremely ornate and decorative but in no 
wise of practical value. The gentry that count their pennies 
over carefully are prone to ask, "What’s the use of the thing?” 
And then positively dismiss the matter with the vocal pro- 
test, "All a waste of money I” For the sake of those likely 
to be Influenced by this hasty attitude, it might be well to 
go back two or three centuries for a start and then trace 


the evolution and the reason for being of miniature replicas 
of ocean-going craft of all sorts. We shall see that the utili- 
tarian impulse has idayed a prime part for a long, Imig 
time while in their fabrication. 

In the days when the British Admiralty was first busy 
upbuilding the nation’s sea might, In the generations gone 
when the naval architect boasted no more exalted title than 
master shipwright, the authorities would have thought they 
were tempting Fate to start the building of their "oaken 
bulwarks" without some concrete evidence of how their frigates 
and their llne-of-battleshlps would look when finished. In- 
deed, they would hardly have known how to carry on cor^ 
rectly the work of construction unless guided by a model In 
detail. It was this practice that brought into being the myriad 
models that now adorn the home of the Admiralty and cer- 
tain British museums. These miniatures were for a consid- 
erable period the basis of such plans as were prepared, and 
furnished certain Information of their own by which the ship 
carpenters and the shipwrights of those days could visualise 
Just what they were expected to do. 

To this end, little was left to the Imagination, and a deal 
of painstaking care was exercised In developing on a much- 
reduced scale every Important structural feature. There- 
fore, the outside planking on one-half of the hull below the 
waterline was pretty generally omitted so that the frames, 
the keel, the keelsons, the floors, the deck beams, etc., could 
be seen In their true relation to one another, and each with 
Its distinctive shape agreeably to its position In the complex 
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rUTTINO THE KINISJUNG lV»UriIES ON THE MODEL OF A 
CONVEKTED YACHT WHICH PLAYED A PART 
IN 'PUB WORLD WAR 


PAINTING WAR TIME NAVAL MODELS— ONE OF OUR 
BIGGEST SUBMARINES AND AN UP-TO-DATE 
DiESTBOTER 


framework. On the other half, tlie plankiiiK would possibly 
be complete from the keel to the upper Uralta of the hull. 
And thus tlie “linos” or contours essential to flotation and 
relative ease of propulsion under canvas could be measured 
and reproduced on the mold-loft floor so that the man with 
the broad-ax might fashion his tlmbiTs for the full-sized vessel. 
The model maker was a product of the period and, as 
often as not, was a qualLfled shipwright who possessed spe- 
cial skill in the handling of refined tools. He would take 
his block of wood or materials and lovingly and patiently 
work thorn into shape — ^grace of line and accuracy of detail 
being the result of an experience which made him familiar 
with the body forms which would give adequate speed and 
seaworthiness. At a later date, as a knowledge of Interpret- 
ing drawings grew, the advance model became a simpler 
product because the shlpworkers were not so dependent upon 
miiniature details. It was then sufficient to supply a solid 
half model, showing the outer aspect of the bare hull from 
stem to stem and from the keel up to the expose<l decks 
From these half models, the men of the mold-loft developed 
the lines and contours of the craft’s body, and, so guided, the 
woodworkers fashioned templates or patterns for the multi- 
ple elements of the structural framework 
These half models were fashioned out of a built-up block 
composed of successive layers of wood of equal thickness 
held together by dowels, the meeting surfaces of two contigu- 
ous “lifts" representing a waterline at a definite point above the 
keel. After the block had been cut and chiseled into the 
desired form, then It was an easy matter to take the model 
apart, layer by layer, and transfer each waterline to paper 
With this done, the ship carpenter could readily check off 
the dlmehslons at every point on the hull and make the full- 
sized part In accordance With tliose half models as basic 
records, and with the knowledge of how the actual craft later 
performed, the designer of those days was able from time to 
time to effect Improvements despite the fact that his- proce- 


dure was so largely a mutter of “rule of thumb.” Native 
cunning and Intuition, a cultivated appreciation of “sweet- 
ness of line” through feeling, and a keenness of eye made the 
model then a potent aid in the building of ships. 

As the science of naval architecture advanced, the designer 
was inclined to belittle the value of models, and, because 
of his wider knowledge of mathematics and the technical de- 
\olopmcnt of graphics, he came to rely wellnlgh entirely 
upon paix^r and pencil. During the prevalence of this atti- 
tude many disappointing vessels werel put overboard, for 
somehow either the lines were not faithfully reproduced in the 
>arcl or, If they were, they disclosed the fact that the man 
originally responsible for them could not visualize the con- 
sequence of his choice It is a rare mind that can picture the 
third dimension from lines that symbolize only length and 
lireadth, for instance. It was inevitable that shipbuilders 
should come to realize that much might be gained by combining 
the stories to be told by both drawings and models This 
was quickly emphasized when iron, and, later, steel more 
and more took the place of timber in the fashioning of water- 
liome craft. 

The modern ship, whether naval or commercial, is made 
up of assembled plates, angle bars, and beams of steel. 
Knowing as the ship designer does today how much may de- 
I)end upon a vessers form In the matter of speed, and 
the propulsive effort nt*(*dful to attain it, mere drawings, 
with all of their elabonileness, are no longer accepted as 
<*onclualv€. Therefore wooden models are made not only for 
testing in towing tanks but others, scaled usually to a 
quarter of an Inch to the foot, are produced to facilitate cer- 
tain essential calculations and to enable the “office” to order 
the hull plating, etc. Naturally, these models must be fash- 
ioned with precision, for any error would be multiplied forty- 
eight times In every foot of the in traded craft. The models 
also serve to give the designer a three-dimensional apprecia- 
tion of his problem and aid him in securing that balance of 
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maiM and features essential to strength, correct functioning 
and appearance. 

As experience has taught us, it is not difficult to draw a 
circle and to say that it represents the outline of a globe, 
but It 1 b Quite different to decide troiu that figure Just how 
to proportion and to shape a single piece of material that 
can be bent or pressed Into the form of a sphere Of course, 
if you have a ball upon which to fit your pattern a little 
practice will enable you to do the trick. The external 
plating of a vessel Is the skin that must conform to the 
changing lines and contours dictated by the underlying steel 
ribs or frames, and this plating, In multiple units of divers 
forms, muMt be ordered in advance of construction. 

A properly-scaled wooden model ot the hull of the craft to 
be, with sandpapered unpainted surface, is turned over to 
some of the drafting force, who Indicate on the bare pine 
every plate from bow to stern and from keel to sheerline. 
It is then a relatively task to take off the “expanded” 

dimensions of curved surfaces and to give their measurements 
as flat plates. Those figures are then sent to the steel mills 
where patterns are made and the plates are cut accordingly 
Later, when they reach the yard, these ports are heated and 
hammered or otherwise bent to fit By means of the wooden 
model and the advance measurement of materials which It 
makes possible, the naval architect computes what all of this 
steel will weigh, and this enables him to determine the ulti- 
mate displacement of his craft and to estimate pretty closely 
some of the costs 

Subte^uently this bare nunlel ot the hull is carried a stage 
further and some of the dominating deck features, etc, are 
put on. If a lighting ship, this procedure is very desirable 
because It enables the designers to del ermine quickly the pos- 
sible angles of firt‘ of guns without Inviting interferences 
with other necessary structural parts In short, it gives 
positive information about interrelated <*haructeristlc8 and 
makes It practicable for the naval architect to avoid mis- 
takes that may later on entail heavy outlays to correct. Simi- 
larly, In the cases of im^rchant and ph^asure craft, by fol- 
lowing much the same course, vc^ssels can be planned confi- 
dently -so as to Insure a maximum of comfort to passengers 
and convenience to the iH^rsonnel riperatlng them 

It has been the custom wellnight since the birth of our 
moilern navy to employ models of Uie loregoing description 
and, after they have served the designer’s purpose, to complete 
them and finish them outwardly as miniature repllc'as of 
tludr serviw kin. The object has been twofold* first to 
record thus In the most expressive way the development of 
our battle fleet and the gradual growth of the distinctive 
types of war craft— the adoption of a uniform scale of a 
quarter of an inch to the foot facilitating accurate compari- 
son In the matter or sizes. For some years, all of these models 
were made at the Navy Yard, Washington, D 0„ but now 
some of them are being built at the plant In Now York 
City over which Mr. Horace E Boucher presides. This ex- 
pert-one may rightly say of tills artist — was for a number of 
years In charge of the naval model shop In the National 
Capital; and his establishment in Manhattan is probably the 
largest and best equipped plant of its kind in the United 
States. 

As the illustrations accompanying this article Indicate, Mr. 
Boucher makes more than marine models, but the purpose of 
all of these creations is to supply the element, of the third 
dimension and to permit both the technical and the non- 
technical observer to visualize the relations of things and 
to get a sense of proportion. The habit is strong with all of 
us to query, **How does the thing work?’* It is the survlTal 
of our earlier days when we wonted to pry into a watch or 
clock to see the wheels go round. The picture of the longl- 
tudlnal section of the army transport “General Sherman” 
shows that it is possible to get aipeedily a comprehensive grasp 
of the whole interior of that vessel an4 to see to what pur^ 
pose the various compertmaito and sections are devoted. 


An exaininutlon of the model, Itself, gives a still greater wealth 
of structural data — details that reveal Just how much thought 
must be given to the planning of a ship wo that every de- 
partment may starve its end to the best advantage and that 
all available space may be put to good account. 

But we cannot Hatter ouist*h"e8 that we have been tlie 
pioneers in helping the rightfuUj Inqulsitne to learn through 
such mediums about the Internal get-up of fuH-sUed vessels. 
As a matter of fact, we have not carried this educational work 
anything like as far as wis4lom would suggest Whether we 
like It or not, the Germans have led by a long way in this 
realm of enlightenment Sixteen years ago, our naval attachd 
at Berlin informed us that all of the Kaltser’s warships 
were furnisluMl with skeleton models for the Instruction of 
their personnels The (tcruiun Admiralty recognized that It 
was vei.v desirable that evei.vhody aboard a fighting ship 
should he familiar wdih e\ery phase of Its construction and 
e<iulj>ment The Teutons did this because they were aware 
that drawings and blueprints are not readily understood by 
the sailors and tliat even the officers frequently found it 
hard to gmsp their mennliig. 

Further, the Interior of a ship is a complex network of 
compartment and lesser subdivisions^ nnd many of these are 
Isolntisl Irom one another so that a man In one space cannot 
steij til rough a door Into a neighboring one and thus 
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get an tiiiderstaiuling of their degree of assodatlon Ho must 
tnuel up a ladder, through a hatch, and possibly around a 
number ol oljstiuctions before he can make his way down Into 
a neiir-liy cmnpartment — confusing the while his sense of 
relationship The skeleton model, on the other hand, which 
permits dock after divk to be lifted off and allows the ob- 
server to sec successivel> Just liow a craft Is fashioned and 
Is InterdependiMit, makes it feasible for all but the utterly 
stupid soon to master every osstmtial detail of his ship The 
Oorinans did not hesitate to promote this knowledge by sup- 
plying inodeN costing anywhere from $500 to $2,500 00. 

Tl** same naval attachi' was later ordered to the Asiatic 
Station to command the U. S, Monitor Monterey; and it was 
not long before It w^as Impressed upon him that it was very 
desirable for him to know his ship in the fullest sense of the 
term — to be familiar with the positions of all watertight 
compartments, the arrangement of the double bottom, and 
the lends of a multiplicity of pipes having to do with safe- 
guarding against disastrous leaks, the proper ventilation of 
out-of-the-way areas, and the distribution of motive steam—* 
not to mention that network of nerves In the form of electric 
wires and conductors. For $110 In gold he got three Chinese 
carpenters to build him a beautiful and exact demountable 
skeleton model of the Monterey ; the ingenious Orientals using 
the simplest of materials to fashion the miniature — cunningly 
requisitioning macaroni to serve for piping and valves, and 
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colfirlng each of these to indicate the particular system to 
which it belonged. 

At the U S. Naval Academy, models of vessels have played 
their part for years In the education of our midshipmeUr 
and by them our embryo admirals have been able to compre- 
hend technical features and operative procedures which other- 
wise might have puzzled them sorely. The array of full 
models and the still more numerous half models there tell 
their own story of how our naval constructors In the decades 
gone have felt their way before risking the nation's funds 
in the buLldiig of the actual craft. Finally, the so-called hand- 
some msplay models generally built by the Bureau of €k>n- 
structlon and Repair of the Navy Department have proved 
of the utmost value In bringing vividly home to our Inland 
citizenry nn understanding of our hghtlng deet — thus serving 
to promote a necessary Interest In our seagoing defenses and 
to stimulate enlistment. 

Big steamship companies are fully alive to the psychological 
appeal of a miniature replica of their passenger craft, and 
all of them know that the thousands of dollars expended In 
this way are richly repaid in patronage Foreign lines have 
been especially shrewd in thus reaching first our Imagination 
and next our pockethooks. A third reason for ship models 
is a sentimental one; and this Is apt to grip strongly the 
yacht owner. It yields him no end Of quiet delight, when 
the days of cruising are halted and his craft Is hibernating 
in some snug harbor, to look upon the little model and 
bring to mind vividly every detail of weeks and months of 
enjoyment and to arouse again the fascination of measuring 
strength with fickle wlnde and treacherous seas. A picture 
would only give a small part of this satisfaction b^ause 
of the flatness, the two dimensional character of the mediums 
of expression. The model, on the other hand, he can scan 
f*'om all angles and revel in an ever-changing point of view. 

In building *the *'block*’ of a model seasoned white pine of 
the finest sort is used. The block is formed up of a series 
of planks so wonderfully smoothed that their surfaces come 
together throughout, and, under moderate pressure, exclude 
the air. As a result, the thinnest film of glue is essential to 
establish a vacuum and to bind the successive layers or lifts 
Into a single mass. Before they are united In this fashion, 
the contours are traced In pendl upon the planks, and fre- 
quently the lifts are sawed approximately to shape. Next, 
the woodworker cuts away the pine carefully until the pen- 
ciled contour at each waterline is brought to light, and then 
be clears away the material between neighboring water lines, 
checkinjf up the body form from time to time by little tem- 
plates of the different curves at prescribed positions, usually 
from keel to deck upon definite frames. When the lines 
are true in every particular, the skin surface of the hull is 
smoothed to a nicety by sandpapering. 

While the woodworkers are busy at their respective tasks, 
the metal-workers are engaged in fashioning with amazing 
fidelity to detail a varied array of fittings and equipment. 
With Infinite cunning they call Into being mooring bits, hawse 
pipes, davits, boat cranes, windlasses, winches, searchlights, 
guns, ventilator cowls, smokestacks, anchor chains, etc. In 
many respects their products call for manual skill greater 
than that of the Jeweler, A few of these features can be 
cast, but many of them have to be wrought by lathe or 
patiently created by tool, blowsiipe, and the smallest of 
soldering Irons. For the most part brass is the basic metal; 
and if the full-sized replica is of brass, then the fitting is 
polished and plated with gold to hide the traces of solder. 
Nickel plating coats the fittings that would be of polished 
steel or nickel in the fall-sized craft; and tinning is the 
model’s substitute for galvanlzed-lron equipment 

But before the metal features are placed upon the model, 
the hull, superstructure, deck houses, etc., must be colored 
in perfect accord with their corresponding portlcm of the full- 
sized veesel. Some idea of the painstaking work entailed can 
be gathered from the fact that the hull may receive anywhere 


from five to eight coats of paint, and each coat is nibbed down 
l>efore the next la applied. Ultlmateljr the mintatare ia var> 
nished, and this, too, to rubbed and rubbed until it to lni< 
poBslble to detect the Slightest U^ace of bmsh atroke. With 
the body of the wee craft ready for its fittings, thin these 
are put in place with precision, and the care exercised must 
accord with a scale that crowds into only a quarter of an 
Inch the equivalent of twelve Inches. A few hairbreadths of 
error might spoil the interrelation of a nqpiber of features. 
Finally, masts are stepped, stays, signal yards, and running 
rigging are set or rove. Tiny boats are fixed in their cbodu 
or hung at the davits — ^tbe blocks and falls faithful in every 
particular. No wonder, some models may be composed of 
10,000 or more pieces, for neither Mr. Boucher nor a knowing 
critic would be satisfied if anything were or If any 

fitting seemed lacking an essential working detail. 

The layman should not be astonished to learn that it takes 
the joint efforts of a considerable force of expert craftsmen 
and weeks and months of continuous work to produce a com- 
plete display model. The determining factors are the else 
of the real vessel and the variety and number of her charac- 
teristics and equipment. The so-called miniature may be but 
a few inches long or, in the case of a dreadnaught or ocean 
greyhound, may measure from bow to stem from 12 to 20 
feet. The cost of these beautiful productions runs from |300 
up to $12,000 or more. 

DEMONSTRATION GOAD MINES. 

Br J. J. Rutledgk,* McAlester, Okla. 

Tax United States Bureau of Mines established at Bruceton, 
Pa., in 1000. an experimental mine for the purpose of testing 
the means of preventing and limiting mine explosloiis. Dnrlng 
the last ten years, numerous explosions have been caused to 
originate In ifhls mine for investigative puriMses end the rate 
of propagation of the explosion wave^ the pressure devel- 
oped pmr unit of area by the explosion, and the general 
results of the explosions have been carefully recorded and 
studied. Means of preventing mine explosions or of limit- 
ing them to the areas In which they originate have been de- 
veloped. A great deal of valuable information baa bemi de- 
rived from the work in this mine and much more useful and 
valuable infoimatlmt will be obtained In the future. The 
writer would plead, not for the opening of experimental 
mines In all the Important coal-produdng fields in the United 
States, but for the opening of denunistratlon mines, or mines 
in which experiments could be made with the various details 
of coal mining. 

Owing to compet)ltl<m In the same markets, small capitali- 
sation, or low profits, It may be an utter impossibility for any 
one company to try a new method of mining. Labor conditions 
may prevent the trial of a new method of working. It may be 
impossible or Inadvisable to disturb existing working condl- 
tlmis for fear of causing trouble among the miners through 
real or fancied changes in the scale of wages. 

If a certain method or plan of working had been shown to 
be the safest and most effident, public opinion would force 
coal operators to adopt the new methods of working, if they 
<lld not do BO voluntarily, and public opinion would also 
fumirii moral support to the operators In overcoming any 
oiHIKieltlon that the miner and other employees might manifest 
toward the insttolUvtlmi of the new and better method. 

If a new method was found to be safer and more economical 
than the one In use, the authority of the state could be in- 
vi^ed to support any operator who desired to adopt It. Very 
few coal-mine operators would dare run counter to public 
opinion, even were they to Ignore the finandal benefita to be 
derived from the adoptloa of the new plan. OonHoeiuatlon 
Ineurance eompanles, through thMr mine Inspectors, would 
give credit to those mine* that adopted the new methods with 
the resuH that thdr UsbiUty insuianos wbold be matsiteUy 
rsduesd In cost, 

VOatof Engtassr, U. 8» BSMSU of Mtooa 



BXAMTLiBS OP 8IHAY PAINTING. SHOWING A WIDE VAWBTT OP APPLICATIONS 


Spray Painting* 

A Study of the Practicability of Blowing Paint on Various Surfaces 

By H. A. Gardner 


T he war placed such great demands upon the painting 
industry that it was found necessary to utilize every 
means to accomplish the huge painting program that de- 
veloped. The shortage of men capable of wielding brushes 
soon became apparent and the great speed demanded in 
production developed as a vital factor. As a result, the 
steel hulls of many vessels, the rough siding of many tem- 
porary buildings, and the surfaces of thousands of guns, 
tractors, and other military equipment were coated by the 
spray machine. Because of the speed obtained through the 
use of this device for preserving or camouflaging materials 
of warfare, attempts haver been made to develop it for peace 
time painting purposes. To many observers the question has 
come as to whether the machine is of sufllcient practical 
value to merit a permanent place in the art of painting and 
whether it will to any extent replace the old-time hand paint 
brush. 

Some observers have stated that hand-brush manufacturers 
cannot produce sufliclent brushes to apply the paint for which 
such great demands exist While the apparent shortage of 
bristles might to some extent be held responsible for such a 
situation, it has been suggested that even though bristles were 
as plentiful as at any time previous to the war, It would 
be difficult for manufacturers to produce an over-abundance 
of brushes for coming needs, and that the brush Industry 
could not therefore be injured through the development of 
the spray-painting machine. 

Similarly it has been advanced that the occupation of 
the Journeyman painter could not In any way be Injured by 
the adoption of spray painting for certain special classes 
of work, since it is often impossible to obtain sufficient labor 
to apply the paint for which such enormously increased de- 
mands ^dst. Furthermore, it has been claimed that unless 
some means is provided for at least partially relieving the 
situation, milUoDs of dollars of loss may result from the sur- 
face decay that will take place on unpainted structures. It 
is undoubtedly true that painting was neglected to such an 
extent during the war period that immediate action must 
now be taken to preserve the property that will otherwise 
be damaged if longer left unpalnted. This means that during 

*Paptf pfftiontoft at the coaventloii of the InternatlonsI Aseoda- 
tlon of BfSster Boose Fsinters and Docoratovp of the Unites atatee and 
Canada, Neir to«k City, mroary 12, IWp. Copyright 1020 by 
H. A. Gaxdner. - ^ 


coming years an even greater demand will develop for paint 
and varnish products. Any legitimate and satisfactory means 
for the application of these products should therefore be 
welcomed not only by the master painter but by the Journey- 
man painter and the pubdiev The use, for instance, of 
the spray machine (if found practicable) will, not only be of 
service to the property owner but will actually stimulate the 
employment of and demand for painting labor. To make 
this more clear, it has been suggested that a comparison of 
the situation be drawn with the effect of the sewing machine 
upon the tailoring industry. The Journeyman tailor undoubt- 
edly at flrst loked askance at the development of such a 
machine. It was soon found, however, that this machine 
created an almost entirely new industry in the production 
of ready-made clothing. The availability of these products at 
once effected a great demand and Increased usage. As a 
result, thousands of operators were required where but hun- 
dreds were employed before. 

It is believed, therefore, that any device that creates 
new business in new fields is to be given the hearty sup- 
port of all, if found to be of a practical nature. Whether 
or not the machine will prove useful will depend upon the 
results obtained by the painter during the coming period of 
great activity in his trade. He may, for Instance, find 
It well suited for certain classes of work and unsatisfactory 
for other kinds. 

Some observations made by the writer on tests with the 
spray painting machine may be ot interest to the members of 
this Aosodation in Judging of its i)ossible usefulness In their 
work. The tests were made on large surfaces with both 
hand brushes and spray machines. After a suffident period 
of exposure, data will be available as to the comparative dur- 
ability of each type of work. 

SPRAT PAINT TESTS AT WASHINGTON. 

The tests referred to were made In Wahsington on gov- 
gemment buildings by one of the prominent members of this 
Ajssociation, The machine used in the experiments con- 
sisted of a 4-H. P. motor, a large air tank, and a 5-gulIon 
paint tank. It required 220-volt direct current. For the 
roof work the paint tank was hoisted to the roof and two 
hose leaders were carried from the air tank located on the 
ground. Two operators could work at the same time with 
tile paint tank which was Otted with two spray guns. 



886 


SCIENTIFIC AMEBIOAN MONTHLY 


Apeil, 1920 


h'or the* t*\tt^rior woik an (*viw*rit*nceU spray hruau oi)erutor 
Hiuned tlu* work on otu* hhIp of the tiu tilling, and two Journey- 
men with 4<^-ineh hand hrushob started the work on the 
oUier sldts which was a duplicate In size, shape and construe- 
lion of tin* side selected for the spray test After the work 
had been started a journeyman painter entirely uii familiar 
witli the use of the spray gun was sliown how to operate it 
He completed the U*sts, Including the walls and roof urea. It 
wu« apparent that a ver> short period of tune was reiiuired 
lo Instruct a man to use a spray gun. The tests were of 
good size and included on the side walls an area of over 8,000 
feet ntid on the roof an area of nearly 9,000 feet. 

The paint used for the exterior wall work was a lead 
t»alnt tinted with ochre, weighing 17 0 lbs. per gallon for the 
tirst coat and 20 lbs per gallon for the si*cond coat Both 
paints were easily handled by the spray gun. The paint used 
on the i*oof was an oxide of Iron paint weighing about 
14 Hm ]M*r gallon The paint used for the interior work 
w*aM a modern sanitary flat wall paint of the llthopone type, 
w^elghji»g 14 ll)*s T>t*r gallon It was apparent that the spru.v 
gun w'ouhl succesH fully handh* paint i>t prH<tically any weigh! 
IH*r gallon 

In doing the first coat on the t'xterlor bilck walls, all 
i*ornlci*s and trim wera r'lit in with the spra\ on the side 
of the hull ding where the spray test was niadi* On the 
sectuid coat, however, tlie cornices were cut in by hand 
wltli n brush, in older to assure a neat )ob 'Che time of 
the brush work was counted in as spray-gun time. 

It bus pievlously been ushuiiusI tliut the average journev- 
mail iMilnter, working on wmll ^urfai'es and ii ing a hand 
paint-brush would do about 200 snuure feet an houi, or about 
250 square ftH*t iin hour on roof work In these tests bowevei 
a inucli gr\*ater si>4hhI wuws utluineii In the hand-ibrush work 
It is assunusl that this was due to tlie gn^at interest of the 
painters in the le«t 

Observation <»f the lompleUsI woik showtsl thal pruetlcuUy 
no difference 3ii the uppi^arance i»f the spray and the hund- 
lirusl) \vork eviHtwi, with the extvptloii that the spray work 
was MlJglilly more opaque 'riie painters In applying the paint 
l>y huiKl with 4Vj-lnch brushes used drop eloths at the base 
of their work, whereas no drop clotJis were use*! b> the spray 
workmen. There was apparently little paint falling to the 
ground, the only loss being in the fnim of a One mist On 
a damp day this mist, of course, w^mld be greatly intensified 
due to the presenc** of the volatile constituents of tlie thinner 
'I'hls mist would lead tin obst'rver to believe that considerable 
paint was being lost, whereas, as a matter of fact, only a very 
little quantity i»f imlnt was being dissliiateii us mist The 
mist was of a somewhat colloidal character and the effect 


was largely optical* On tlie interior work, h<Mever» a notice- 
able difference was shown. The mist in the room where 
the (>alut wae being applied by spray guns was very notice- 
able. Drop bloths w'ere required on the floors In order to pre- 
vent staining. Painters employed for continuous periods on 
Interior spray work might to advantage wear a simple form 
uf respirator, Tiie roof w'ork was, of course, subjected to 
strong currents of air, but there was apparently no very 
large* loss of paint. It was observed, however, that the over* 
alls of the painters using (the spray guns become somew'^hat 
more soiled than where hand-brush work was being done. 

On the "interior tests, one room was dime by two painters 
wdth hand bru8he.s and two rooms with the spray gun 
by one operator. The rooms faced a courtyard m wbleh 
the machine was placed with hose leaders running up to 
the work. The ceilings of the rooms were arched, four 
arches meeting in the centre of each. This made the painting 
lather difficult by hand but very much easier for spray 
work The side walls had four projecting columns, one at 
tm'h corner, and between the tops of these columns and the 
nrch<*d ceilings there was a heavy scroll cornice Each room 
also had a fireplace and chimney breast and large recessed 
(omblnation windows The hand work was somewhat marred 
bv ■streaks and the covering was poor Tlie spray work was 
gieatly superior. A very much heavier coating of paint was 
apparently applied It was necessary to put on two coats 
of iMiint by the hand brush in some instances in order to 
get satisfactory covering 

Information gathered from some of the Journeymen palnt(*ra 
indicate that they are not averse to the use of the spray gun 
after they become aciiuainted with it In fact, the painters 
showed less fatigue at night than wh«*n using hand brushes. 
Some* were therefore enthusiastic alnnit its use 

7>r <Jat(iner*H paper was arcompanied by tables of tests which 
are here omitted because of limitations of spaee These tables 
show that on previously painted metal roof spraying requires 
approTVniately 10 per cent more paint than brushing, while 
brushing requires approximately 200 per (fnt more labor than 
spraying. 

On preiiously paintcAl brick vails and stone comiees spray- 
ing required appro rimatcly seven per etmi more paint than 
hiushing* rehUe brushing required approximately 109 per vent 
more labor than spraying. 

On combined e<Hhngs and walls of plaster spraying re- 
quired approximately 40 per cent more paint than brushing 
hut gave quite good hiding m one coat, while brushing re- 
quhvd approximately 100 per cent more labor than spraying 
and gave poor hiding in one coat — Eni'roR 
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The Menace of Vibration 

Some Interesting Observations on Troubles in Turbo-Generators 

By E. V. Amy, E. E. 


T he recent rapid <linelopuwut of largo capaeltj stoain 
turbine-drhon oleetrio power-genoratliig units 1ms made 
the subj(.H‘t of vibration of groat iinpoituiuo and wortliy 
of more serious attention and ctmsideratlon, for both the de- 
signor and the operator. Vibration has beconio u factor haVlng 
considerable mflnenee on the present llhiit^ of siRH'tl and caitfic- 
Ity of single shaft steam turbines. The exact nature of the 
vibration set up In the wheels and blading of >»uch turbine^ Is 
Htt present one of the engineer’s most dlfflcnlt problems Vei*\ 
little la known of the theoretical nature of this form of vibru- 
tlon although (*oinmon to all steam turbines It remains n 
problem requiring further investigation and research on the 
imrt of the engineer and designer 

It is not the puriM)se of tlie following article to enter into a 
theoretical distaiSMloti on tlie nature of this type of vibration, 
but, on tlie other hand an atteniiit Is made to outline the man> 
other causes of vibration In large turbo-generators of present- 
day design, and tx> mention tKune of the troubles and dangers 
which often arise when vibration in such nuachlnes becomes 
abnomml and is allowed to persist unremedled 

In the roolprocatlng irngine with Its low speed anj lost mo- 
tion or nilsallneinent makes itself known as a knock or pound, 
while In the case of the turbine with its high spesd and very 
delicate balancing the sliglitest Knock or pound may become 
very stTious vibration and muse considerable datoage to the 
machine. With hlgh-sixsd machines like turbines It Is 
vitally ossimtlal that all revolving parts be accurafelv bal 
ancenf, and that this mndlitlon of balance be maintained at sill 
times during the openition of the machine The yiropcu bal- 
niielng of mn-chlncs is In ta<*t a solemv In Itself. 

For the proper balamtng of the rotors of steam turbines 
and generators, two bnlmict^ are nsiuirt^d to ensure a steady 
ruiming condition, tbea** are the sialic and the dynamic 
iKilatKi^. The static balance is obtained bj revolving the 
rotor by hand on a pair of knife edgm or balancing stiwls 
It Is revolved and allowed to come to rest, the point at the 
lM>ttom being the heavy pari Timporary weights are fixed 
to the rotor opposite this part and the rotor again revolved 
and welghte added until it will stand or come to rmt in anv 
position The rotors are biilanctd dynamlcully with as much 
can' as possible on a special test lloor by the inanufactun'r. 
The details of the aripnratus employed by the various turbine 
manufacturers for dynamically balancing their machines vanes 
of course in design, hut In general the method is to rotate 
tlie body at oiierating .speed by some external soun'e ot iKiwer, 
with the shaft and liearlngs spring held, so as to allow a 
slight oscillation of the sliaft In one plam» to be produced by 
any out-of-balance condition of the rotor The .shaft is chalked 
at each extn'mlty and by gradually advaniang a fln<» metal 
stjltis until It lightly touches the revolving shaft at the high 
8l>(>ta of the oscillation, a mark is thus made in the chalking 
on the shaft Indicating the relative places where the balance 
should bo changed. The weight is altered and the tt'st re- 
)>eated until the beat balance Is obtained for that end of the 
shaft, 80 that there is no oscillation The othc»r end is then 
balanced In the same manner and the dynamic balance of 
the rotor and shaft as a whole thus completed with respect 
to the Journals in which the shaft is held 
Few large rotors are actually in a state of perfect balance 
c»wing to the difficulty in obtaining an absolutely accurate 
dynamic ibalauoe. Furthermore a physically perfect balance 
for all speeds Is not attainable The greater the speed at 
which the fotor is to be operated fthe more careful and accu- 
rate nrost be the dynamic balancing. 

The intensity of the vibrational force due to out-of-balance 


of a lotor will In iiuigultude be proportional to the square of 
the speed and 'the number of times this foret' Is applied per 
minute will vary directly with the speed of the machine, 
Therefoie if we consider onl> the fatigue stress the harmful 
effect of u given amoufit of lack of balance will vary as the 
third powt'r of Ihe speiRl of rotation of the machine. 

A dymiinJc Iwlance conaidenRl iwTfectly good for a certain 
i'livlroiimcnt may pnwo to be a bad out-of -balance In other 
sui roundings A large tapaelty machine that runs quite 
snuM>thl> on a massive foundation of concrete may set up 
dangerous vibration and noise When mounted on I-beams or 
.set up on a steel structure Commercial requlremeiKts call for 
the designing ot standard types of machines, made In quanti- 
ties to meet the demands of a general market In many oases 
the refinement of balance depends upon the iivorage place ami 
conditions of use, as far as can reasonably Ix' prcdetermlmsl. 
However should such a machine happen to he Installed under 
adverse <*on(litloiis which H*sonate with any little out-of-balance 
which the machine ma.v have, It is immediately blunusl for the 
trouble and In manj casi^s cemdemned ; whereas it would have 
run perfectly well if a little more consideration had been 
given in slightly modifying the foundation. 

For all bodies mounted on ii sliaft and rotated at high speeds 
alvoiit fUeil axes there is a certain iicrlod at which vibration 
will iMSMHiie exci*sH)ve^ this N enllcsl llie crltUnl iwilnt of 
spiHsl rtud Is lielievcd t<v be caustsl bv a change In the axis 
of iMtation due to the deflection or bending of the shaft which 
f'auses the rotor to revolve about a new axis ft^rnied the axis 
of rotation or deflc*c'Uon and which alters the* center of gmvir> 
of the body and causes vil»ratlon This may not occur ot the 
highest Ki>eed, ns sometimes tills vibration dem*flses us the 
sptsMl is iiH*reas(*d 

Vil>rnli<«i in machines like steam turlx>-dnven geucTators 
may l»e <lue to causes internal or external to the machine, or 
both, the result being cumulative or otherwise In general, 
hovvevc'r, the mo»t (oinmon miiaeB of vibration are imbal- 
anecHl rotr^rs, bent or poorly iilinwi shafts, loose parts, im- 
proper foundatlouH and fastenings exci‘ssive speed, excessive 
and fluctuating loads, and vibration of Ihe structure housing 
of the machine having its periodUtty of vibration siipen^osed 
upon that of the machine. 

The Tll<^st serious and dungenuis kind of vibration In tur- 
buu*s. although not frequontl.v encouiitenxl in w'ell designed 
machim's, is that due to revolving jMirts lmproi>orly coming 
in contact with the stationary luirts; this applies esix'clally 
to the buckets Such trouble will load to the greatest damage 
if not promptly detectcxl and properly dealt with. A vital 
imixlm in turbine practice is to avoid any Internal rubbing. 

One of the gnxitest troubles experlcnco<l In maintaining 
good balance of Turbo-generators Is due to the shifting of the 
londiictors The slightest sldftlng of these conductors on 
the rotf>r of a large generator is likeiy to throw the machine 
considerably out of balance This often hapi>ens after the 
generator has l)e<ui In operathm for some time; as the insu- 
lation dries and becomes compresscxl by cH'ntrifugal force on 
the conductor it allows the conductor to loosen a little in 
the rotor slot Once these conductors become at all loose 
they may shift with load changes. <*auslng deterioration of the 
insulation and failure under normal potential 

Vibration may be caused In a machine by allowing too much 
liearlng clearance. Such vibration is more or less of a local 
nature, and while it may be felt throughout the entire ma- 
chine It Is usually more Intense at the bearing or bearings 
which are loose. It is also more noticeable when the machine 
is running with light load than with full load, or in the case 
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of alternDtori» when tlie Held current is off, becoming less u the 
field magnetism grows stronger or the load becomes greater, 
holding the roter in a more fixed position. In some cases this 
vibration can be reduced by feeding more oil to the bearings. 

The proper lubrication of large steam Turbo units is an 
important problem upon which the smooth <d:>eratl<m and 
future life of the machine are greatly depradent If the oil 
film under a bearing should break down due to a poor supply, 
low pressure, or other failure of the lubrication system, the 
bearing besides becoming heated would be let down with the 
possibility of causing serious damage to the blading of the 
turbine. Unequal wear on the bearings or shaft would in 
turn throw the machine out of allnement. 

A serious trouble soroetlimeB encountered in large Turbo- 
generators as a result of excessive vibration of the machine is 
that the emergency steam valve accidentally closes, shifting 
the generator’s load to other machines. This may prove a 
very grave matter in power stations where the load la 30,000 
kva. or more. A leaky throttle has often caused a turbine 
to vibrate when first started. Allowing steam to enter when 
the turbine la standing still heats the rotor casing unequally 
which causes the rotor to run out of true and vibrate when 
started. For this reason it is the general custom to rotate 
all large steam turbines slowly while warming up. 

The failure or Improper adjustment of labyrinth packing 
has in the past few years caused considerable trouble with 
many of the larger turbo-generators, often necessitating their 
shutting down when most needed in operation. The function 
of labyrinth packing is to reduce leakage losses. It is used In 
some form in all types of turbines. The essential Idea on 
which the packing is based Is not so much the causing of the 
steam to take a tortuous path as to wire-draw it at a great 
number of points. In most single flow turbines It forms the 
packing on the periphery of the balance piston which Is used 
to counterbalance the thrust of the steam on the active tur- 
bine elements In nearly all other types it Is used in the 
steam glands to prevent the flow of steam through the opening 
In the turUne casing through which the shaft passes. Theoret- 
ically It should be durable enough to withstand the action of 
the steam but not strong enough to Impose injurious local heat- 
ing In case of rubbing or surface contact. In the past it was 
the practice of many manufacturers to make this material too 
strong and considerable trouble was caused by heating due 
to coivtact which resulted In distortion of the holding rings. 
Nowadays this packing is made of different design and better 
material which will not cause Injury to adjacent parts In case 
of surface contact. 

In general It might be said that there are many degrees and 
types of vibration In large steam turbine-driven units, causing 
as many effects, some obvious and others not so apparent. 
But in nearly all cases vibration sounds its own warning and 
therefore requires the constant vigilance of the operator and 
attendants. The operator and tbo attendant must be always 
on tbe alert and thoroughly familiar with all normal running 
C(»ditlons as to sound and vibration, so that be can promptly 
detect anything unusual in the operation of a particular 
machine and quickly diagnose tbe trouble, If any, and to 
report it or apply the proper remedy at once, before it becomes 
of such a nature as to cause damage to or wreck the machine. 


MANGANB8B. 

In a report to the Bureau of Mine, W. 0. Phalen describes 
several uses for manganese other than steel making. Bstl- 
matea of the quantity of manganese ore used in tbe Industries 
other than aitallnrgical vary from twenty-five to fifty thou- 
sand tons yearly. Most of the ore Is a hitdi grade of pyrolusite^ 
commanding a much higher price than metallurgical ore, and 
is nsaally described as “chemical manganese ore." 

The principal non-metallurgical use of manganese is ae aa 
oxidising agent in the manufacture of dry cells ; as a decolor- 
leer In certain kinds of glass where It combines with the 
Iron present In the sand to form a colorless or neutral ehade 


of iron salt; and as a drier in oils, paintSk and vamlshea. A 
small quantity enters Into the manufacture of manganese 
chemlealB. In text-books tbe use of manganese aa a raw 
material for tbe production of chlorine through tbe reaction 
of manganese dioxide with bydrodiloric add la given, but 
this is no longer a commwdal (deration. No doubt dilorinsk 
whldi Is produced when manganese chloride is prepared, may 
be used, but today chlorine gas Is an abundant by-product In 
the electrolysis of brine In the manufacture of sodium hydrox- 
ide and Wtasslum hydroxide. 

It la Interesting , to note the part jdayed by manganese 
dioxide in tbe dry cell .which Is ordinarily, but Incorredly, 
called a dry battery. A modern American dry cell of tbe usual 
type la a portable modification of the “dlsque Ledanchd” cell 
Invented by LeclandiS about 1868. The negative pole conelsts 
of a cylindrical zinc can of which about seventy-five million 
are now made annually In the United States In the nniUber six 
size alone. Tbe can also serves the purpose of a container 
and the popular size, number lx. Is about two and ono-half 
ln<die8 In diameter by six Inches high. The Inner surface of 
the zinc Is lined with a special grade of absorbent paper, 
acting as a reservoir for the electrolyte and as a dlajihragm 
between the zinc and the positive pola The depdarlsing mass, 
called the mix, is tightly tamped Into tbe can around a cen- 
trally located carbon electrode to within about one Inch of 
the top. This mix Is ground carbon, usually oaldned petro- 
leum coke, and graphite, manganese dioxide ore, and the 
electrolyte. The mix, together with tbe carbon electrode, 
forms tbe positive pole and after it has been tamped, the 
paper is turned down over It, sand or sawdnst Is poured In to 
a depth of about one-half Inch, and the cell Is sealed with a 
hot pitch composition. The layer of sand provides an ex- 
pansion chamber for the electrolyte, ammonium chloride, and 
the excess gas. and also a dry bed for the hot pitch. 

Comparatively little of the zinc Is used up during tbe 
service life of the cell and one of tbe problems of the dry cell 
manufacturer la to so construct tbe cell aa to obtain uniform 
corrosion. The paper must be porous enough to allow the 
electrolyte to diffuse through' It but still retain the smallest 
particles of caibon and manganese. 

Much work has been done on methods for recovering tbs 
unnpended manganese dioxide from these dry cells and at 
least one laboratory has reported substantial progress. 


OIL IN ENGLAND. 

Thb scute need for fuel In Great Britain has excited great 
Interest In the possibility of discovering d^tokite of petroleum. 
Much prospecting has been done, especially In Derbyshire 
VHiatever success may finally attend those Investigations, there 
has recently been discovered a source of fud oil which. If re- 
ports are true, pr<mitee to become of first importance and of 
Immense value. This is the ell shale deposit of Norfolk. 

In 1907 Dr. Forbes-Leslle began a systmnatlc lnvestlgatl<m of 
these deposits, which has resulted In the finding of large quan- 
tities of shale and tbe ’formation of a company for their 
development At first little interest was taken in these shales 
as their sulphur oontmit was too high to permit their use as 
a sonree of fu^ oil. Farther Investigation has shown that this 
Is true only of the upper seam of shale. 

These Norfolk shales are entirely different geologically, 
from tbe well known Scotch shales. They consist of a clay 
saturated with liquid petrefienm from some source below. A 
form of ozokerite occurs with them. 'When retorted they yield 
40 to 60 gallons per ton of an oil practically free from sulphur 
and rich In motor spirit and paraflln. 

The quantity of shale avanatfie Is practically Inexhaustible, 
the amount being estimated as 2,000,000,000 tons. This amonnt 
Is snffldent to supply BnidkiMl's present oil needs, as Indicated 
by her Imports, for over a centnry. nis seams Us iMtwssn 
tbe snrfiace and a depth of 400 feet average 100 feet In thldt- 
neee and are remarknbly nnifonn In thl<hneea and yletd.' 




U. a. ARMY MARTIN ABRIAL TRANSPORT BQUIPPBD TO CARRY PARBRNOKRa 

The Airplane as a Commercial Possibility* 

Changes Necessary in Present Equipment, and Future Developments 


By D. W. 

T he cessation of the great war has left the airplane 
machines and engines of the highest quality In the world. 
Industry In America well equipped to design and produce 
It has, however, left it In poor shape for existence, for few 
of the airplanes developed for military purposes hold much 
promise of successful adaptation to peace-time commercial 
nses. Future military business of any magnitude Is problem- 
atical. That the war has advanced the science of aeronautics 
and in a way that will help to solve even the commercial prob- 
lems Is true; and It has ^ven the Industry opportunities for 
the betterment of its products that would not liave come to 
It in double the period of time in peace. That commercial 
use must be made of airplanes to support even a part of the 
capital and Interests involved In the business at present, seems 
necessary. 

Many people argue that the Government cannot afford to 
allow this great and new Industry to languish because of 
lack of business, but must foster and further it by subsidy 
or continued military orders. That such a course would be 
welcome at this critical period Is undeniable, but total de- 
pendence of existence on this problematic possibility would be 
fatal. Governments are sometimes slow In acting In a suffl- 
cloitly decisive manner on such problems, as Is witnessed by 
the disan>9arance of our merchant marine In the latter part 
of the ninetewth century. Furthermore, government subsidy 
does not always appear healthy for the sound development of 
Aftmuway rtai prolects. Of the early transcontinental railroads, 
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those that received the least or none of the support accorded 
by the Government remained the most financially sound. 

The problem before us today Is: What practical use can 
be made of airplanes, whet volume of buelness can we expect 
to secure with them, what changes of or developments from 
present military machines will be necessary to give us an 
efficient commercial machine, and what does the future bold 
for this new means of transportation? Let us Inquire into the 
probable fields that the conunerclal airplane can hope to 
enter, and, either competing successfully with other means of 
transi>ortatlon or supplying the lack of such transportation, 
become a recognized factor m the development of commerce 
and the furtherance of social and economic intercourse 
throughout the world. 

PASBXMOBB TBAN8POBTATIOM. 

Since speed Is the most outstanding present-day advantage 
of the airplane, I rank passenger carrying first tn Importance. 
Many of our daily business and personal affaitrs can be suc- 
cessfully conducted only by a personal meeting or inspection. 
Correspondence, telephony and telegraphy cannot supply the 
complete satisfaction of actual personal contact. Where any 
great distance separates the subject and bis objective, present- 
day express train service often proves too slow. 

Time wasted in travel means money lost, suffering «idnred 
or pleasure sacrificed. Granted safety comparable with that of 
our present means of titavel, in point of fatalities per miles 
trav^ed, and that I trust will be demonstrated aoon, are 
there not many Instances In the life of any penoa when he 
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wuuia gladly pay twice the railroad fare to reduce his travel 
time to one-half or one-thlnl? Is It not conceivable, then, that 
having once found that this saving is wortli something to him 
nt a critical time, he will avail of It again for eoine less 
important reason? Soon he will And, if he be a man of large 
and pressing affairs, that he Is remolding his schedules on the 
basis of this new time-annihilating service. The flrst problem, 
then, seems to be to wdn tlie confidence of tlie public, to insti- 
tute a successful passenger transportation line between two 
great cities such as New York and Cleveland. 

Aeronautical people all feel confident thot with the lessons 
learned from military ex()enenco and with new safeguards 
thrown around the airplane in Its operation and maintenance, 
such a service can be safel> embarked on with our present-day 
knowledge and material. This nvust be proved by actual per- 
formance rather than by statement, and oo the airplane build- 
ers or those with the necessary knowlinlge, enthusiasm, and 
capital who will come forth as commercial operators must 
take the risk. In one way or another they must actually 
c^rry passengers. They must carry them on schedule, com- 
fortably and wltliout mishap, and for a reasonable period of 
time. Experimental human material Is needed, then, in addi- 
tion to the experimental carriers of it. To my way of think- 
ing, and from observation of and conversation with many 
people, there Is plenty of sneh material in the adventurous, 
the curious and those whost^ extremity may be so great as to 
warrant the chance thej’ are sure to believe they are taking at 
the time. 

Granted, then, that suffltlent patronage of a not too serious 
order can he counted on for starting a paeeenger-carrylng 
alri^lane line of small size, what fonn will this first venture 
assume? Three methods of attack can be followed and are 
being followed at this time. They are; 

(1) Scheduled regular service 

(2) Si)ecml taxi service 

(3) Tourist service 

Of the three tlie first seems to hold the most promise of 
giving ue our first n.*al data on costs, maintenance and traffic 
While It appears offhand to Involve the risking of more cap- 
ital than the last two, It need not preponderate greatly in this 
resi>ect and certainly will offer a more accurate count of the 
public pulse than the other iwethods. By scheduled service 
I moan, of course, tlie operation of one or more raaohlnes 
flying between two or more points on a time schedule prop- 
erly based on the sate spei'd of the plane, the altitude flown 
and the head winds likely to he enoounterod. No such service 
has as jet been actually started either here or abroad. 

In England various airplane firms have ready machines 
carrying from 10 to 40 passengers; the Frencli Farman carry- 
ing 12 persons and the big Caudron Company are only wait- 
ing for military Questions to be settled before opening up 
regular service betwi'en London and Paris and other European 
dtlee England has big projects along these lines throughout 
her colonial possessions and seems imbued with the determi- 
nation to realize them. In Italy Capronl Is building larger 
jmssenger plujies than anyone, which It is said will be oper- 
ated from the northern to the southern part of that country 
and even across the Mediterranean to the African possessions 

Other enthusiasts believe that the safest course to pursue 
in breaking Into the transportation of passengers Is through 
the use of the taxi system To illustrate this I may state that 
the Curtiss Aeroplane Company intends to maintain a fleet 
of fast machines at a flying field near New York City, always 
in readiness with expert pilots in attendance to take anyone 
with the necessary confidence and money to any part of the 
United States. Our Air Service baa for some time been 
using planes for a similar eervice. In Washington several 
machines and some of the best pilots In the service are ready 
at any time to carry high ofllcers or officials on a Joy ride or 
a quick ofllcdal trip to other cities within 400 miles. 

At Atlantic City oompanles are planning to handle the 
tourist trade That they will meet with success In joyriding 


pleasure seekers next summer seems dependent <mly ou their 
int<41igent use of the best materials and personnel. 

ALHPI.ANEB AS MA1T. CABBIEBS. 

Passing to the second commercial use of airplanes, mall 
earrjlng, we enter a field where the element of danger ia not 
of so much importance. It is not to be neglected any more 
than in passenger carrying, but Uie possibility of crashes do 
not limit the initial buaineKS 

Under the heading of mall carrying I will group several 
luucUons: 

(1) Regular mail trunsiKirtaUon 

(a) By the government 

(b) For the government 

(2) Fast dispatch service 

(3) Financial service 

In legard to the carrying of mall by plane, everyone Is 
acquainted with tiie fact tliut the Postofflee Department has 
had a service in operation for the past year between New 
York City and Washington. It has operated this with its own 
personnel and material, and made a remarkable record on this 
run for efficient and continuous service. The amount of mall 
carried has. of course, been small a** the service Is only* r 
beginning Al>out 160 pounds of mall is carried every day 
frmu each city, the pilots flying in all sorts of hazardous 
weather Rain and storms full to frighten them, and the 
instances of failures have been very few. The Chicago-New 
York City nmte was, os jou know, unsuccessful in the first, 
trials, but this was due mainly to faulty machines for this lodg 
haul, ignorance on the part of the pilots of the country' 
truvcrsi^d and a rather hasty start without proper organization 
and equipment Next spring this run will again be instiWted, 
and judging from the preparations being made and the ma- 
( bines that will then be available It should be as successful 
as the aerial i>ofttal service tqierating between New York City 
and Washington. 

Whether the Postoffice Department will exm tract with air- 
plane transportation comimnies for carrying mall In other 
localities will depend to a great extent, I Judge, on the record 
of pcrfcurinance actually a(‘<M>mplished In oi)eratlng their lines 
for some other uses. It Is not inconceivable that a company 
which had been regularly and siKWwfully carrying passengers 
on a certain route would be able to secure contracts to carry 
some government mail along with the n'gtilar load. 

Under the second function of mall-carrying types of planes 
<*onu*s Independent carriage of speelal commercial dispatches. 
A service <ould be maintained with fast planes, flying both 
night and day, that would bid fair to outrival the night tele- 
gram service between cities o\er 300 miles apart It would be 
as quick at probably lower diargee and have the great ad- 
vantage of accurate transmittal and the possibility of con- 
veying Infonnatlon other than that written, 

Miichiiies engaged In this work could also handle the third 
class of mnll-machlne operation Where the saving of a few 
lioiirs in the time of transmittal of a draft on a bank In one 
town, to lie deposited In the other, may mean the saving of a 
day’s Interest, fust airplane service would certainly be an 
advantage 

OKNEEAL KXPRK8S TRANSPORTATION. 

If we now take up the third peace-time use of the heavier- 
than-alr machine, general express transportation, we enter a 
field which at first glance does not appear to offer much en- 
couragement to the airplane as a carrier. Express and fkst 
freight service throughout developed parts of the world is 
generally good and, of course, much cheaper than similar 
service by wing. Ou the other hand, as In carrying passengers, 
the future promises a class of people to whom the greater 
speed Is a worthy consideration; so In the transportation of 
merchandise we will find classes of goods which con bear the 
extra cost of moving in exchange for the time saved. This 
may prove particularly true in conveying goods from small 
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towns with indifferent mil *in*r\lce to the larger centers. 
Among tlie articles which can bear the extra tariff are 

(1) Perishable goods 

t2) Replacement i>arts for dauiugcU iim<lnncr> 

(3) Medical and surgical materials 

(4) Motion picture hlnis 

(5) Newspapers 

(6) Luxury articles 

Taking up the question of pt^rishable goods that can bear 
the expense of airplane travel, we may list such things as high- 
grade certified infantst’ milk, rare and out of season fruits, 
vegefablee and flowers. The milk for New York City Is sup- 
plied largely from upstate dairies not having the fastest of 
rail service. With a preliminary cooling at the dairy this 
milk could be carried quickly and deposited still cold in the 
city. Where the breakage of Intricate machine parts threal- 
ens the tying up of a plant, tlie aerial express line srtiould find 
an opportunity to be of value. Shortages in factories working 
on a production basis that could 111 afford an interruption 
could be made up from stock In a distant town In the mini- 
mum time possible through the air Occasions arise In epi- 
deoiiics or catastrophes where the sh<jg:tage of medical and 
surgical materials, personnel and foo^l becomes serious. With 
airplanes such supplies could be rushed In the fastest way. 
Motion picture films could not only be distributed in the 
shortest time by airplanes, and thus cut down exchange and 
idle time, but the st^rvlce would add to the advertising caili- 
paign of film companies. News grows stale quickly and small- 
town papers do not always satisfy the residents of such com- 
inunltles. The faster distribution would inereasi* the oui-of- 
town sales of 'the dally papers of our large cities and widen 
tho range of thoir circulation Articles of luxury which bring 
high prices In proportion to their welglit amid in many cases 
have quicker distribution profitably. Advortlsoment would 
enter here to a greater **xtent than in any other class of 
s^^rvlce possible. Cmifectloners and florists in the large cities, 
enjoying a wide reputation and a high-class trade, could 
broaden the field of their patronage considerably 

AERIAL TBANseoRI ATION OF IkllNERAL ORES 

Mineral ore, while appearing to be a dlfhcult cargo for 
st'emlngly flimsy alrcmft to carry, is, in certain localities 
and In certain grades of ore, a practical load for airplanes. 
Where mines producing rich ore are l(M*at(‘d in Inaccessible 
country not tapped by railroads or highw^ays, barring excep- 
tions where the character of the terrain precludes tiie possi- 
bility of landing fields or where altitudes are excessive, an 
aerial transportation system could be installed without the 
TH»cessity for heavy luvestmontis in roadbeds and grading and 
could bo operated at costs that would not l>e excessive. If 
the mine be a small one, removed from the possibility of sur- 
face service, the alrplanG can take out the (►re and when the 
w'orkiugs are barren leave no gr(‘at amount of useless Invest- 
ment on the location. In addition to (‘airyinff the ore out, 
lalwr, equipment and supplies can l>e brought back on the 
return trip. Where epeed In the operation of n newly found 
mine and In the marketing of its ore Is an advantage, because 
of high market prices, an aerial system could be put Into 
operation much faster than any surface system ami would be 
delivering the ore months before the road or grading work 
could be finished. 

The tmqspOTtatlon of the ore from the mines to the nearest 
railroad '‘jsigbt not be found to be the limit of this service, 
for at tltmir and in certain undeveloped localities It might 
pay to carry the load farther to a district of better rail service. 
The distance of handling might today be limited to 800 or 
400 miles because of the poor economy of carrying too much 
fuel* but there is reason to believe that with great load capacity 
and machines developed for this class of service, this range 
could be increased without too much loss in economy to fiOO 
miles. To obviate the necessity of landing with a great load of 


ore, the machines could fly low over the rccidvlng yard and 
drop their burden from the air Where the haul was abort, 
several round trips from the mine to the depot ini^it be made 
with no landings at the hitter, and time and the wear-and-tear 
incident to lauding could thus be saved. 

AKKlAL PHOTOGRAPHY AND MAP MAKINQ, 

One of the usc*s of aircraft that the war has done the most 
to develop to its present high state of accuracy is aerial pho- 
lograpliy and its application to the making of mosaic maps. 
Developt*d from the necessity of gaining accurate Information 
aa to the location and nature of enemy gun emplacements, 
fortifications and supply lines, the sclinico of aerial photogra- 
phy has become such an exact one that not only can It be used 
to get true toixigraphic maps, but it can be applied in the 
making or checking of maps and mapping observations The 
bulk of this work, and all interesteil in the furthering of flying 
throughout the country are hoping that much of it will be done, 
will prahahly be dlected by the Government through its mili- 
tary or civilian personnel. It Is not inconceivable, however, 
that <t>mpanies engaged In the publishing of maps of the va- 
rious parts of Iho country, such as Hand, McNally & Co., could 
find R market for better maps based on aerial photographs 

Owners of great ranches and plantations might find It of 
value to have the adde<l Insight of their iwssessions and the 
ctu’rolation of their various sections tliat would be affordrxl by 
n complete mosaic map. Advertising literature and descrip- 
tive maps of cities, resorts and real estate developments made 
by the ahl of actiml aerial photographs would undoubtedly 
X>oasese enough value to warrant the expenditure necessary 
to compile them. In sur\ eying undeveloped country for laying 
new railroad lines through it, tlie alrx>lane would not only be 
a valuable adjunct m transporting the surveying partita and 
supplying thimi with mwsslties, hut would aid in the making 
of their contour maps 

OTIIFU MISCRUJ^NEOUS USES. 

Among the miscellaneous uses that we may hope to put air- 
planes to, tNime those of supervision and exploration. While in 
many of its aspects this work would dovetail with tlie photog- 
raphy previously outllnetl, in other ways it presents new fields. 
Consideration Is being given today by the Government to the 
patroling of tho great National Forest reserves by airplanes 
driven by or carrying an exjH'rt fi^rest ranger A greater 
eheck on forest fires could be exerted by this means and m 
that way much natural wealth conserved. More ground could 
Ik> coven><l with smaller i>ersonnel, and reports of fires by 
wireless from the air to a cvnitral receiving station would 
exiHHiitt' the rushing of fighting crews to the scene of the im- 
pending catastrophe. 

The Inspection end supervision of large properties is made 
more ofllclent and rapid by the employment of an airplane by 
the manager. It is reported tiiat J. P. Morgan has bought a 
plane and engaged a pilot to aid the manager of some of his 
large wheat laiirls in kwplng in touch with his work. Polic- 
ing operations, both state and munlciiml could be aided by air- 
plane squads. State constabulary could throw a force of men 
Ittto an isolatwl town where a strike or riot impended, by the 
use of large fast machines kept ot central flying grounds. Ih 
the exploration of undeveloped country for following water- 
ways or determining suitable waterpower developments, air- 
planes i\ou]d provide vision and pt^rspectlve to the pioneers. 

USE OF A1BF1ANB8 FOB SPOBT. 

Among the last: and what has appealed to so many as 
tho first and best use to make of our pn^sent aircraft is the 
sporting development. Undeniably then* Is a field here, and 
had the war not Intervened It would be further advanced. 
For customers the producers of sporting types of airplane will 
surely have many of the returned and discharged military 
aviators. Most of them would probably enjoy the possession 
and use of a fast, able little craft, but unfortunately an air- 
plane will always be more expensive than a motor car and 



842 


SOIBNTiriC AMERICAN MONTHLY 


Apmnv 1890 


bence few but the wealthy will be able to Indulge their fancy. 

One of the first obstacles to pleasure flying Is the fact that 
suitable flying fields are not numerous or located In respect to 
each other In such a way as to make possible an ordinary 
Jaunt of an afternoon. Flying In the vicinity of a field soon 
becomes tiresome. One way out of this difllculty is through 
the use of machines of the flying-boat type, Coastal waters. 
Inland lakes and rivers provide ample landing room for sports- 
men, Sport flying will not doubt Increase In popularity In 
spite of Its cost and probably be fostered by the Government. 
The enlargement of the landing faculties provided by tbe 
mall routes and commercial lines will assist. That It will 
ever approach the magnitude and popularity of motoring seems 
Improbable; skill In flying Is not iMsslhle of attainment by 
everyone; the hazards of flying can be oomlmtted only by 
the employment of elaborate precautions beyond the moans 
of Individual fliers. 

CHANOES lir PBESBRT EQUIPMENT. 

Having covered In general the uses of aircraft, we approach 
now the subject of the Initial developments that are necessary 
before entering the field of commercial endeavor. These In 
the order of tbelr Importance are : 

(1) Engines 

(2) Airplanes 

(8) Means of navigation 

(4) Landing grounds 

(6) Legid questions 

As I expect to cover the future developments later, I will 
c<mflne myself here to a summary of what changes, if any, 
we must make In our present equipment and methods. 

Our best engines at present, as exemplified by the Liberty 
Twelve, semn to give promise, If properly handled and not 
overtaxed In power or length of service without overhauling, 
of giving satisfaction in regular service. 

Our airplanes, of course, need considerable reworking to 
fit them for carrying passengers or Inert cargoes, except possi- 
bly In the case of smaller machines used for special service. 
Some of our planes, built to give tbe ultimate In performance 
from a military standpoint, possess unpleasant features when 
applied to peacetime uses. These planes will be worthless as 
far as everyday use Is concerned. Othenr will require only a 
changing of interior arrangements. Bomb compartments will 
be replaced by comfortably appointed cabins or conveniently 
arranged cargo holds. AccessiUllty and ease of replacement 
of wearing parte will foe given prime consideration In rede- 
signing these machines. 

Our navigation means probably call for the most Immediate 
developments. Air compasses now In use are not thoroughly 
satisfactory at all times and In all weather. Radio direction- 
finders have been developed and seem to promise a more accu- 
rate and depradable method of keeping a true course in flying 
across country above the clouds or In a rain or fog. Better 
maps are necessary at once. Present-day maps are usually 
lacking In true accentuation of natural landmarks such as 
rivers and mountains. Confusion Is caused by the omission 
of some marks and tbe loctuslon of others when perhaps both 
look to be of the same magnitude when observed from an alti- 
tude of 10,000 fset or more. Cities flown over should bo 
marked in some way to be readily recognizable by night or day. 

Means of signaling the location of a field are necessary In 
a fog. Since most fogs are close to the earth, captive twlloons 
riding above the fog in daytime, or star lights shot above the 
fog at night, will make It possible for the aviator to find his 
field. Proper and adequate means of lighting fields for night 
flying ate advisable, since in some kinds of service this will 
prsMit advantages over day flying. 

Radio lighthouses along established routes sending out dis- 
tinctive signals at regular Intervals wQl aid the pilot in 
cheeking his position, wbch may be rendered uncertain by 
unknown wind conditions and loss of vtsablllty of the ground. 
Landing flslde should be provided at reasonable intervals 


along tbe coarse of aerial routes. An endeavor ehonld be made 
to locate aultable fidds as near to town as possible In ell cMee 
contemplating airplane service, as a field distant from tbe 
center of a town tends to offset the time-saving of aerial 
travel. The shorter the run the more will be tbe magnitude of 
the disadvantage. 

Serious contemplation should be given by the iiroper repre- 
sentative bodks of the State and the Federal Ghnreinmeati to 
the legal aspect of aerial transportation. Uniform laws gov- 
erning the behavior of machines In the air and when alighting 
are needed, as vrell as Inspection regulations to safeguard the 
public and eliminate Ignorant and foolhardy operators. 
Proper Instruction and examination of idiots are necessary; 
while the examination should not be so exacting at tihia time 
as to be unjust. It should be and can be thorough enough to 
safeguard against unsuitable and incapable operators. 

VUTUBE DEVEIOPMENTS IN AUtPLANSS. 

It serais safe to assume that tbe uses of aircraft will expand 
rather than contract. This would indicate that we shall al- 
ways have as many different sizes of maidilne and engine as 
now. Small single-engine planes will continue to attract 
sportsmen, wUl be used In special service and even in mall 
or paasenger lines between smaB towns. Multiple-engine ma- 
chines, however, possessing, as they do today, the added eafety 
of being able to continue fllgbit when one engine stops, seem 
certain to come more Into use for all regular systems requir- 
ing the maximum of eafety and d^iendence. Bvra though 
engines develop constderaUy in reliahlllty, as they must and 
will, tills type of airplane seems bound to predominate from 
other conalderatlons. The size of the muliti-engine machine 
will therefore probably vary more than at presrat Starting 
with small two-passrager twin-engine airpUines, we shaU 
probably have two, three, four and five-engine planes with 
horse-powers up to S,000 and useful loads up to 20 tons, oper- 
ating in different aervloes in the near future; 

As to the speeds that we may expect tiie machines of the 
future to attain, it appears that while mere effldrat machines 
and engines will undoubtedly Increase the maximum possible, 
many types will be Slow. Where a service is operated over 
country not possessing fast surface transportation, or over 
broken country and large bodies of water, the slower plane, 
say that having a maximum speed of about 80 m.p.h., will be 
the most economical. The attainment of higher speeds will 
always mean tbe lowering of the useful load carried. Where 
there Is good rail service, or other conditions call for the max- 
imum speed, we may expect to find planes In operation making 
with their full load anywhere from 160 to 200 m.ph. Speed 
does not mean less dependence or safety but more oftra 
surer and safer aervice. It does, however, except In certain 
Instances, spell higher costs per pound of load carried. 

The tendency in engines, as far as their size Is concerned, 
seems still to be toward greater power. What the limit will 
be Is bard to predict, since It la reatralned aomewbat by de- 
velopinenta In other directions. Unless radical changes in the 
methods now uaed in tbe making of air propellers occur. It does 
not seem that units larger than 1,000 h-p. will he practlcaL 
Two or more propellers driven from one poweiplant by shaft- 
ing or other means may, however, make it possible to doable or 
treble this figure, lacking any develi^Hnents In air screw 
const ruction. 

As to new developments In airplane design, aside from 
larger or faster machines. It is dlfflcuU to see that^thts will 
follow any new or startling lines. The problem of descending 
and arising vertically with heavler-than-alr craft, while prob- 
ably not Impossible of solution, seems to present insuperable 
difflcuKles. Very likely compromlees will be effected which 
will permit airplanes to land In more restricted Adds and in 
terrain of a router character than Is now advisable. Lifting 
screws, air brakes, variable camber, variaUe area and better 
landing gears may be used In the solution of this problem. 

Bsflnementa of structures by mMe careful design or em- 
ployment of better materials wUl undoubtedly continue and 
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will, by deciwie of weight and head reslatance, give greater 
speed ranges or greater load capacities. 

Developments in engines seem to point toward the malnto- 
nance of power with increase In altitude and the conaeQuent 
increase of speed and miles per gallon of fuel. Some success 
along this line has been attained already, and practical solu- 
tions appear to be forthcoming soon. More reliability In en- 
gines and the iK>8s!lbllity of longer running without overhaul- 
ing are of such advantage in conoonercial work that efforts 
will surely be bent In this direction. Better fuel eoon<Mny 
will be sought not only from the fact that costs will be cut in 
this way but because weight will be saved by the reduction in 
the amount of fuel carried and the space gained will be 
available for more cargo or more comfort for the passengers. 
The three main developments in the engines then would seem 
to point to a higher weight per brake horse-power at sea level, 
but, of course, the maintenance of power at great altitudes and 
the lowering of the fuel consumiption should offset this and 
perhaps eventually put us ahead of the present low-weight 
engine unit 

In the development of accessories, and safeguunls the field 
is broad and offers many opportunities. Autoimitic controls 
for the relief of the pilot seem certain of early attainment. 
Safeguards against fire and leakage from fuel tanks are well 
developed now, although not always applied Improvement in 
both as to effectiveness and weight can be expected. 

Muffling of engines, heating and ventilating of the cabins 
and houslng-in of operators without restricting their vision 
will all come shortly and add to the efikleney of the pilot 
by reason of the increased comfort and freedom. 

More durable materials for the covering of wings and bodies, 
protective coatings and the like will lowest the present high 
rate of deterioration. 

BKKVICK COST DATA, 

No doubt you have all at one time or another thought that 
you mght like to take a trip in a passenger-carrying machine. 
You have no doubt wondered what the initial costs would be 
and what the rate per passengcr^ile can be expected to be in 
the near future. With this thought in mind I have prepared 
the following brief cost calculations on a problematic service 
between Cleveland and Detroit The costs Include all oper- 
ating and overhead expenses of n complete operating com- 
pany. For this service I have assumed the use of one of 
the Gl^nn Martin Oo.’s twln-Llberty, 10-passenger planes 
equipped with pontoons for water landing. I have done this 
rather than use the land machine as in both Cleveland and 
Detroit suitable landing fields are too far from the center 
of town. Also, with a water machine no hesitation would 
be felt In taking a straight course from the one town to the 
other. If a land machine were used, prudence would dictate 
the following of the shoreline, with the Increased distance 
thus made necessary, combating the time saving of the service. 
It should he underetood, however, that this particular service 
is not the best example as to economy or locational advantage. 
Moreover, costs over the water will be higher than over land 
because of the poorer efficiency of water machines. That 
the estimates shown edn be bettered for more advantageous 
service to possible of proof. 

CONDITION or ixtauT, 

The distance is assumed to be 100 miles. 

The high speed of the plane full out will be 106 m.p.h. 

Regular flying will always be conducted at a reduced speed 
of the machine and the engines. This speed will average 
about 96 m.iKh. when each engine is delivering about 810 h.-p. * 

Sdiedule flying time will be based on this throttled speed, 
less 15 m.p.h. Scheduled speed will then be 80 m.pdi. and 
schedule time for the trip 1% hours. Schedules can be main- 
tained against head winds up to 25 m.p.h., by running full 
out As winds above this speed are occasional and usually 
acoompanied by bad weather for flying, schedule time should 
be maintained on over 90 per cent of the flying days. 


In figuring the costs of (^ration and the depredation of 
the machines and engines, this schedule time of lU hours per 
trip will be used, although the majority of runs will be made 
in leas time than this. This will provide a factor of safety 
and cover Idling of machines on the water. 

We will assume that flights will be made 170 days out of 
the year, or about 75 per cent of the tlma Further, we will 
consider that our average load will be eight people, or 80 per 
cent of the maximum. 

The gasoline consumption will run 26 gallons per hour 
per engine or a total consumption per machine of 52 gallons 
per hour. The total oil consumption cffiould not exceed 2 
gallons per hour. 

SEHVICE. 

Assuming that the amount of traffic will permit the oper- 
ation of two innehines, each making six tripe a day, three 
machines a year will enable this service to be maintained, as 
this would allow each machine a yearly flying life of 100 days, 
with 90 days for repair out of the 270 flying days in the year. 
We will assume that the total life of the machine to 1850 
flying hours, and that to keep it in the air this time 15 x>er 
cent of the original cost is expended In replacement parts. 
Labor and material for fabricating other parts will be fig- 
ured also. 

We will assume that to keep each machine in the air 1350 
hours two sets of engines will be used and junked. The 
total running life of each engine would then be 676 hours. 
We will assume that in the life of each engine it is completely 
overhauled six times and that at each overhauling replacement 
parts equal in value to 10 per cent of Its cost are used in 
addition to other labor and material for repairs. 


TIME SCHEDULE 


Leave 

Cleve- 

land 

Arrive 

Detroit 

Leave 

Detroit 

Arrive 

Cleve- 

land 

Machine No. 1 7.00a m 

Pilot A 

1 8.16a.m 
A 

2 7.00a.m. 
B 

2 8.16a.m. 
B 

Machine No 2 9.00a m 

Pilot . . B 

2 10.15a.m 
B 

1 9.00a.m. 
A 

1 10.15a.m. 
A 

Machine No. 1 11.00a m 

Pilot A 

t 12.15p.m. 
A 

2 11.00a.m. 
B 

2 12 15p.m. 
B 

Machine No. 2 l.OOp m 

Pilot . C 

2 2.15p.m 
C 

1 1.00p.m. 
O 

1 2.15p.m. 
D 

Machine No. 1 S.OOp m. 

Pilot D 

1 4 15p m 
D 

2 3 OOp.m 

2 4.15p.m. 

Machine No. 2 5.00p.m 

Pdot . . C 

2 6 ISp m. 
C 

1 5.00p.m 
D 

1 6.16p m. 
D 


It is seen then that four pilots are operating every day, each 
making throe flights totaling B% hours in the air. Six pilots 
will be required to give the proper relief and reserve. 

Jfere foUow$ a detaUed statement of capital iiwested and 
ij-pmses, which ts onUtted. The estimated cost per passenger 
mile is total in/vestment, $849,800 and percentage of profit 
on investment 80 . — ^Editob, 

Assuming larger and faster land machines working up to 
the limit of their capacity, it can be shown that passengers 
can be carried at a good profit as low as 10 cents per passenger- 
mile. The fuel consumption mentioned is a little high be- 
cause the engines are throttled and the Liberty bums 83 
gallons per hour full out, developing 400 h.p. Throttling down 
to 310 hp., the engine speed is approximately 1600 r.p.m. 
Wo have no accurate results on gasoline consumption at that 
speed, but I know that going to Wa4dKlDgton we burned a 
little more than 26 gallons per hour per engine at about 1600 
r.p.m. 1 think that consumption could be reduced. 
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1 i uttlug tublii^ for the luiii]> KtuiuH with an em^ry wheel t! Klailnic entl of tubing fur lunetion with bulb after aHHCiiibly of fllanient. 
It ^MetbiKl of iiiMerliliig leading in wired Uiieveitt lengths of leading In \^lres often n rennilt of eutllng loading in wite«4 to exactly the 

riH|ulr<*<l ieiiiglli 5 Li^ds of \inlfonn length insured by triinniing iiftei sealing In 


Improving the Automobile Headlight Lamp* 

Details of Manufacture and Testing 
By L. C. PoritT 


1 AMPS that uie IiiUmuKhI for uso wilh leiici sj»UMaa oi 
parabolic rcflecLora must have I he light source locatctl 
^ along the axis, usually at the focal poiiil, and It is read- 
ily seen that the manufacturing methods must be adopted 
which will Insure uniform dimensions la lamps of a given 
l.viJt', as only witli such Ittriips c‘an rcpluceinents he made 
quickly and satisfactorily The following urllcle ilescrihes the 
manufuctuiv of automobile heuxilight lamps stage by silage, 
indicating that everj effoH has Iwvmi made to si^cure a product 
U 0 nearly uniform in dimensions and perfortnuuce us is 
lh)RH!hle. 

During llie war tJie greah»st need in the manufactuie of 
headlights was quantity ptodiiction with minimum lah(»r and 
time Now, however, the pressing iHM*d for minimum labor is 
past and moie attention can be given to i>erfocting the qual- 
ity, and uniformity of product Is one of the things that is 
being given apodal attention. Since the armistice was signed 
an engineer lias heeu appolnUHl to study the manufacturing 
methods and suggest changes which will n»sult In more perfect 
automobile headlight lamps. He has instituted a system of 
gages and Inspections which Is proving remarkably ofrwtive 
It may he Interesting to describe in detail the pn'Si'iit method 
of manufacturing a typical lamp, say the G-8*\oU. d-12 bulb. 
2J-C-P Mazda headlight lamp and to i)oint out recent improve- 
ments and call attention to the Inherent variations required 
for practical manufacturing in large quantities 
The stem of tlie lamp is made from straight glass tubing 
recelvtMi in long pieces This tubing Is gaged for thickness 
and diameter. It Is then <'ut up Into short pieces of the proper 
length for the siem. by pushing the end of the tube against 
a stop and then mo\lng it to a rapidly revolving emery 
wdieel, see Pig. 1. 

'J'he next operation is to put these short tubes Into an 
automatic flare machine, which heats one end of the tube 
means of a Bunsen flume and then spreads it out with h 
rotating metal plunger (see Fig 2). Until recently this 
flaring was done by hand, resulting in a considerable tarla- 
tion In the spfead of tlie flare and consequently in the Itogth 
of the stem. With the automatic machine, howevef* the 
plunger enters a certain fixed distance and, being of con- 
stant diameter, there is less chance for variation In length. 
In order, however, to see that everything la working properly 
a certain percentage of all stems are gaged for length and 
the result of these tests are recorded. 

*llaprlnteiA from the Oentral Eleotrto RsiHeir, January, 1020 
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The next oiH‘niilou is tlu‘ insertion of the Icadlng-ln wurcs 
(siH* Fig 2) In the stern The glass tube is placed in a inu- 
(hinc, flnr<» end up, and the twNi wires stuck down Into holes in 
the ro<] jioldlng the glass Occasionally one of these wiriM;* 
Mill |i*» HUglitl> bent, or a particle of dirt will get into one 
ot the lioles, thus preventing the wire from going In its full 
depth. After the win's are lu place the glass Is rotated and 
heated by Bunsen flames until soft and then the glass Is 
piiiehed together to make the seal. Formerly the leadliig-in 
wires were cut to Just the reriulred length and when it 
liappned that a wire did not go to the very bottom of the 
iiole, the result was leads of uneven length on the mount (see 
Fig 4) Now, liow^ever, all leads are made two niillliiieters 
longt‘r than mn'essaiv, a ml after being sealed In the stem 



KlOa 6 TO « FURTHER STAG 1)8 OK MANIJKAGTURK 


<1 IvcndJaa-tn wlroB being Hhappd ready for attachment to fllament 
T Kortulug fllamenhs by winiUnK on flnie Btoel wire 8 Shape and 
iMisltlon of fllament after t)elDg oleetriewJIi welded to Icadlng-in wlren 
a PenitUHlhlo llinita of variation in, asacinbJv of latupK 

,ire trimmed off by a semi-automatic machine which fixes the 
distance from the top of the flare to the ends of tlie leading- 
in wires (see Fig 5) and assuri^s leads of uniform length. 
This means a considerable waste of nickel, but the high coat 
thus entailed is warrant'd by the more uniform product ob- 
tained 

The next process is to bend the leading-In wires prepara- 
tory to welding on the fllament This used to be done by 
hand, hut Is now accomplished seml-automatlcally by a metal 
plunger, the stem being held against the top of the flare to 
ktH‘p the overall length constant (see Pig. 6). The stem is now 
ready for the fllament, which is made as follows : 

The lamp under consideration being a 6-8-volt, 2%-ampere 
lamp, it will be gas-filled and will require a coiled fllament 
To make this the tnngsten wire is automatically wound around 
a fine steel wire. The winding machine makes a constant 
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IfcK OA(;i\0 OV12U- O.K HI LIS IN MA MoINTINU 

ALL Aff^aiaMHLY riMNK VAKirS I' f L \ M i:\TS IN 
LK\(3TH niWLI’Llt < FMI U OI' HI LH 

nuinlK*r ol turu^, ihi*?i allows tla* <oil to pass U'a\Iu ;4 u 

short phKv of straight wirt' la^foiv inaKiug aiujlhiT roil TIa* 
result Is a series of (ounnecte^ colls wound on a st(s*l win*, 
as shown In Fig 7 

These colls nio tlicn (ut apatt with a pair of plicis, thw 
work being done by hand and there must necessardx be honn‘ 
slight variation In the length of straight win^ be>ond the 
wil, though a standard of two ndlllnieteis has been set 
These little (oilto are next bent li.\ hand into a V shape, thn 
operator i>ieklug out. as n(*ail\ as piaciual, the (entei of the 
coil as the bending point 

The filament <'oi]s ar<^ tlnui ))ut Into a liot acid bath widcli 
cllssolves out the »tt*ol coie on whnh the\ an* wound Tlu‘ 
tiluineuts are then heat IrcMilcMl at 1(KH)° C in Indiogeti gas. 
which removes all inipurilies and leaves tlnun leady for 
inoufitlng 

The tllaineut Is now' laid on the leading in wlies and is 
seml-autoinaticany electrically welded to fliein (see Fig S) 
In this process it can be smi that theic must inn.'e'ssarih be 
some slight variation In the Icsiglh deiKSidlng on the angle 
at w'hhh the lllanient Is bent and the exact iH)sition in winch 
It is laid on the leading-in wires The vuiiation In overall 
length of the amount which has been set to take care of these* 
conditions rs plus or inlnns one-half mlllinieter measuied 



1 H; 15 HI LH IN I lU H LAMP I Hi io ('UAUr 

POSITKhN ItLAHV H \,SK, Pl^SITlON I- f *U IVKTKHMIN 

roit MFL'MNC; Tn OP I.KVUS AM» INO IN>SlTloN OI 
Ol-'TirKH PIN LHiHT IM'ATKU 

tioni tlie hottoin ot ilie thire to the jHiint of the tHuincnt (sc^e 
Kig 1)1 This IS gaged by a sliding rule (see Fig 10). 
ihe inouni lading phiceci on the slide and biought up until 
ihe poliil ol the* lllamcnt touches tlie upi>er stop The mount 
IS now* leadv lor sealing in the hull) 

The bulb IS hh^\^n in a mold, hut, siumgc as It mav 
Ihe dminetei ot Ihe bulbs will vai.v somewhat In tln‘ moimt- 
iiig ma<‘hnu* the bulb is held in a ling and the lielght cd the 
bulb will van sbglitl.v with lls diami'ler { siv Fig 11) 

In oidei lo set the bulb pro|)erly a steel bail, of lhc» exact 
■'l7e of a toiiec*t bulb, is imidc with a hob* In it which alb»ws 
the rod that holds the monnf to rise* exactly the right dls- 
tiime to liung the tilaiiuad c'entcr In the center id the 
hulh (set* Fig 12) This device Is used in selling the* mu 
I him* 'Du* mount is thi*n put on tlie rod and the hull) 
phicc»d down over It (sis* Fig 13) The bottom of (he hull) 
and thc^ tlaie ot the* stc*in arc* I hen mcltc*d togethc»r by rotating 
them in a Hunsi*ii llame After this Is done it Is mvessar.v to 
“work” the* glass at the lolni a little to pie\ent cracking 
'Phis usc*d to bo done* bv removing the Imlh and mount while 
still liot aiKS drawing tlie luttc*r down a lit lie l>v liaml. thus 
s(rc*tching llie glass Now, howevci, ft Is done liy blowing 
c ompi essed air in tbtough tin* exhausl tube and st retelling 
the* loud 1)V cNpanding it Tli4*ie must m>ces«iaid> be some* 
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FIO. 17. TEST FOB TABIATION IN 
LIOHT CBNTBB LBNOITH 



FIO. 18. BBCOKD OF A UGEPT 
CBNTBB TBBT 



FIO. IB. TBBT FOB VABIATION OF 
FILAUBNT FBOiC AXIS 


variation In length In that process and also the shape of the 
neck of the bulb will vary somewhat. The bulb and the mount 
are now ready for the base. 

The two leadlng-ln wires from the stem are stuck through 
the holes in the bottom. These holes are at 90 deg. from 
the pins on the base and thus determine the plane of the 
filament (eee Fig. 14). The base Is filled with glue and set 
Into a heater to harden the glue. In this process If the 
wires happen to be slightly bent or twisted, the plane of the 
filament will vary somewhat from 90* from the pins, and 
even if the operator twists it around to 90* the wires are 
liable to cause it to spring back before the glue hardens. 
There must, therefore, be some leeway allowed in this respect. 
The slight change In shape of the neck determines to some 
extent the distance that the base will go up on the bulb 
before striking the glass. 

It Is easy, therefore, to see that with conditions as pointed 
out It is practically impossible to keep the light center length 
of the filament (distance between the nearer edge of the 
pins on the base and the center of the filament) to an abso- 
lute figure. The allowable tolerance In the light center length 
is 8/82 In. ; I. e., if the center of the filament Is not more than 
8/82 of an inch above nor more than 8/82 of an inch below the 
l^-ln. distance from the top of the pins, it is acceptable. 
The filament must also lie entirely within 5/64 in. of the axis 
of the lamp passing thfrough the center of the base and 
the tip. A certain percentage of every run of lamps is 
tested for these variations. 

The device for testing the light center length consists of an 
optical projector which throws an image of the filament on a 
calibrated screen, see Figs. 16, 17 and 19. From this It can 
be easily determined Just where the center of the filament 
comes. The center of the filament is taken as the central 
point of the triangle formed by the two filament legs and a 
line Joining the points where they are welded to the leadlng-ln 
wires. The testing device enables the lamp to be rotated 
90* so that the filament image can be Inspected as to its 
axial posl^on. 

In recording the test of a batch of lamps the form shown 
in Fig. 18 is used, which shows that of 26 lamps tested, one 
had a light center length of 1 11/82 in. (1^ in. 8/82 In.) 
with some part of its filament 1/64 la. off from the axis 
(SQuare A) ; two had light center lengths of 1 5/16 in. 
with sotne part of the fllamenlt 8/64 in. off the axis (Square 
B) : four had light center lengths of 1 7/82 In. (1% In. 1/82 
in.) with some part of the filament 8/64 in. off of the axis 


(Square O) and one lamp had its filament outside of the 
light center lengBi limit of 8/32 (Square D), etc. 

Records are kept of all the tests and Inspections during 
the entire process of manufacture and these are plotted sa 
curves so that the engineer In riiarge can see at a gdance 
Just how the production Is running and whether the various 
parts of the lamps are becoming more or leas uniform. 

The lamps which do not come within the specifications 
are opened f^d the defect corrected where possible. In cases 
where this la not practical the lamp la destroyed. 


MAKING OLD BOLTS AND NUTS FIT FOR RE-USE. 

It has always been the object of Oerman railway manage- 
ment to reduce the cost of upkeep, but In the present conditions 
it is more essmitlal than ever before. 

The arti<de is specially concerned with damaged bolts and 
nuts fi<om the permanent way — these formerly went direct (o 
the scrap heap. The methods for preventing this waste, which 
have been devised by Mr. Oen, of Witten, deserve publicity. 
Bolts la which .the thread had become worn were stralghteaed, 
the defective part cat off, and rethreaded, thus making a 
perfect bolt of sborter length. The nuts, when rusted on, were 
cut off, heated in a furnace to loosen them on the bolt, and then 
re-taK>ed. In some cases nuts and bolts can be heated in a 
gas furnace, so that when hot they can easily be separated. 
Sevetml photographs show the various types of bolts and nuts 
which were again rendered fit for use. These combined pro- 
cesses have saved the railway management very large 
sums. — ^Fabian, ZeUunn det^ereitu Deuttcher SHtenbahnwer- 
vxtUunffen, Dec. 81, 1919. Abstracted by the Technical Bedew. 


A NEW VEOBTABLB IVORY. 

A sxcbnt number of the French Bulletin of the Colonial 
Office gives a description of a new form of vegetable ivory, 
whldh can be need In European industry In place of the ooroso. 
This new substance is produced by the k«md of an edible 
fnfit growing upon a palm of the upper Senegal-Nlger terri- 
tory, the Borassae etMapteum. The kemri Is 7 or 8 cm. long 
and 5 cm. broad, Orae peimlttlng the cutting of balls or plates 
of considerable Slse to be used in marquetry, or the making of 
dominoes, piano keys, buttons, etc. The kernel becomes ex- 
tremely hard when thoroughly dried; as a proof of this It Is 
stated that It Is at Ihe present moment being used ns build- 
ing stones for (he maUng of the houses of native chiefs, 
while It Is oepected riiat the future cnriiedral to be built at 
Dakar will have tinted pillars constructed of these kernels. 




Automobile Headlightmg Regulation* 

Experiments to Determine How Present Laws May Be Improved 
By Clayton H. Sharp and W. F. Little, Electrical Testing Laboratories, New York 


T BB subject of automobile headlighting regulation is 
one which interests us all from at least two standpoints. 
We are interested from the engineering standpoint in- 
asniuch as we have a problem in illuminating engineering to 
deal with. We are also Interested In it from the point of 
view of the public; that is, as users of the highway both on 
foot and in motor cars. 

In the days when the headlighting of automobiles was done 
by acetyl^o gas, the headlighting problem was not what it Is 
today. Acetylene headlights gave a rather limited Illumina- 
tion on the road, and at the same time did not produce the 
Intense and blinding glare with which we have unfortunately 
become familiar since the advent of the electric Incandescent 
lamp as a source of light for this purpose. The incandescent 
lamp with highly concentrated filament, when used at the 
focus of a parabolic reflector throws a beam of very high In- 
tensity — beam which Is capable of giving an excellent driving 
light, but which under many conditions produces an insuffera- 
ble and Intolerable glare dangerous to the other users of the 
highway. 

INEinCIENClES or KABLY LEOIfiLATlVK CDNYROL. 

As a result of protest against the dangerous glare of power- 
ful headlights, legislation has been enacted from time to time 
for the purpose of controlling the use of such headlights. The 

^DeliTsred before the Joint Meeting of American Institute of 
Blectiical Bziginem and the lUtundnating Engineering l!k>clrty, De- 
cembar 8, 1919, at the Englneenf Olub of Philadelpbla. Reprinted 
by courtesy of the Journal of tho Enginoero* Club of Philadelphia 



FIG. 1. CAB 200 FEET AWAY 


exact method of control which should be adopted had to be 
devised as an entirely new matter, and hence legislative enact* 
ments were in the beginning very broad and indefinite. In 
general the laws stated, and do yet state, that headlights 
should not produce a dangerous glare or dazide. Legislation 
of this character, however, had very little effect in eliminat- 
ing the evil inasmuch as neither the legislators nor the traf- 
fic police officers nor the public knew what were the necessary 
means to adopt to accomplish this elimination of glare while 
retaining the light necessary for the safety of all users of the 
highway. To make the provisions more definite further legis- 
lation has been passed requiring that no portion of the direct 
reflected beam of the headlights, when measured at a distance 
of 76 feet or more in front of the vehicle, sliould rise more than 
42 Inches above the level surface on which the vehicle might 
be standing. In some states it was provided that state offi- 
cials should pass Judgment on various types of headlighting 
equipment and should approve or disapprove them in accord- 
ance with whether they meet the above requirements or not. 
The difficulty which was met in the case of this type of leglsla- 
tion was that It is practically impossible to say what the 
limits of the direct reflected beam are. With certain types of 
headlight glasses, namely, the scattering or diffusing type, the 
beam is broken up, so that the portion which comes by reflec* 
tlon Is Indistinguishable from the portion which proceeds 
from the lamp Itself. Makers of this type of device have 
claimed that there Is no direct reflected beam, a claim which 
evidently leads to an absurdity. Furthermore, the difficulty 
arises that If all of the direct reflected beam from headlights 



FIO 2 CAB AT 100 FEET IN PASSING POSITION 
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pro, 3 CAIt TTmNI^<J OUT TO TASS 


<*ut (ifF at a U*vel 42 iiii'lies nlxoo the roiid, it Js doubtful 
if the reDnaiiilnj; light al>ove th** 42-lneh line would be sulU- 
dontly strong to enable tlie driver to promMi with safety li» 
other users of the highway The Judgment of adtuinlHtrati>e 
officials under this proviso was In general arbitrary and in^r- 
soiinh had no sclentUie l>asis, and hence ih» basis on whidi 
uniformity of Judgment could be founded In general this 
ly|>e of legislation has lieen found ineffective 

V ARIKH INTERPBKTATIOXS OF PRESENT LAWS 

There have been some atlemps to reduce the matter to a 
Hcientitlc busls In SI liouls, as a result t»f a decision reaclusi 
that headlights of more than 1200 candlei»ower would pro- 
dun^ dangerous glare, a huge photometer was built and set 
up in such a way that a ear could be plat^wi In front of it 
and the beam of the lieadllghls ineasunHl to »*»e whether U 
came ulwve or below 1200 candlepower, If it came below, the 
lieadlights were approvtsl In the Province of Ontario, as a 
result of certain experiments, the glare limit was fixed at 
caudlepovver In Vermont, the University of Vermont con- 
ducted oxiwrlraeuts on headlights, but It is not evident from 
their report that approvals of headllghtlng devices were baHe<l 
Mrlctly uiK>u the findings of their tests. 

Matters w’ere In this state w'heu the Illuminating Engineering 
Soelot> appointed a Commltti't* on Autoinoldle Headllghtlng 
SiMs»ltt<*atlonK The work of this commit Uv which lias been 
dlrecUnl toward the formulation of siondficatlons for accepta 
headllghtlng devices will he descrllasl in sotiie detail This 
coiuiinttiH* decided that the first thing to do was to get some 
line on how much light is nect^ssary to comply with the gen 
era! provisions of a headllghtJng law At the time New 
\ork State w^as just in the process of revising Its leglslathui 
on these Ihu^s, and the New York State Law was taken ns a 
point of deparlum This law provided in brief that the head- 
lights must render visible a person, vehicle or other substantial 
object 200 feet directly in front of the car, and that no dan- 
gerous glare or daxzle should be produced. The commltto'^ 

tho|«fbre decUUnl as a first step to make experiments which 

( 


1 would glv'e some infornmthm as to the limitations of the light 
reaulred to comply with the provisions of the law. In the 
first place, how much light is necessary to render visible an 
obji^t 200 feet diroctly In front of a car, and second, what Is 
the limiting value of the beam in a driver's eye beyond which 
the glare becomes Intolerable?, 

Kx|>erlments were conducted on a dark road. A pair of 
lieadlights arranged with a storage battery, a rheostat and 
an ammeter were set up on this road, and back of them a 
Neat reprotventlng (he driver's seat, A similar pair of head- 
light.H similarly equipped were set up to the left of these 100 
Act down the road, tlie rheostat, however, being under the 
control of the person occui>ylng the driver's seat behind the 
liist headlights. Alamt fifty observers were employed, these 
being illuminating engineers, automobile engineers, private 
*‘ar drivers, chauffeurs, traffic officers, state officials and others, 
all of them coinpi^Umt to form Intelligent judgment on the 
iim*stton at hand The operation was as follows: 

The observer sat in the driver’s si^at and adjusted the rheo- 
stat of the lamps in front of him until he had sufficient light 
to 8e<‘ men walking across the road 2()0 feet away. The 
value of the light so requirocl was determined Maintaining 
the light at that value, he switched on the other pair of 
headlights fating lilm and ad lusted their brightness until 
1 h* reached a ixunt where he considered that any further light 
wmild produce a glare beyond the limits of toleration The 
Iiglit reaching his eyes under those circumstances was also 
intMiStiied 

A stud.v of the fifty hcls ol entirely Independent results so 
obtiUiuHl icvt^led, as was lo be expeettd, very wide variations. 
For purtMwes of visibility the lowest man wanted 1200 candU^ 
iMiwer and the highest 18,000 With respect to glare the low- 
est man would stand but 80 candlepowor, while the highest 
accc^ptcd 800 caudlepovver Of course, these were personal 
liMlgments. Imf the results tell us what we want to know, 
lor the definition of a satisfactory headlight depends largely 
on the driver's own idea of what he wants, and so the data 
so obtainetl, while referring only to stationary lights, and 
while showing marked Inconsistencies, were of great value. 

HKAULmHT ACC KPTARIMTY TOSTS 

Almut tills time the Secretary of State of New' York applied 
to tile c'omiuIttcH* for sjM'c^fications under whlcli accvptabillty 
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tests of headliKhtin^ d(‘\kvs inijjht Ik* made for him as pro* 
vided In the law In order to airive at the limitations which 
must be Incoriwratcd lu <^ueh spe<*lfleatlons, the committee did 
not consider that the results of the stationary test were suth- 
eient, but proceeded to lnau^:u^ate running tests in which two 
ears were used similarly wpiippcHl and in which the beam was 
studied photometrically. As a result of numerous running testa 
with varied beams and with skilhsl observers the tsvnclusion 
was reached that for the purposes a legally reatrlcllve spf'cl- 
deation the values which had Im*^! found as outside values 
In the stationary test might be adopt eil That is (o say, It was 
i lear that the beam down the load should not be less tluin 
1200 cnndlepower, which was the re<tulrenient of the lowest 
man in Hie stationary test It was also evident that the 
glare n*aching the ey<* of an omomlng driver at a distance of 
100 f*K*t should not be greater tlian 800 eandlepow<*r, whicli 
was the highest glare value accepted by any of thi* observers 
in the stationary test. Therefore, with these values llxed, a 
siKH'ldcntion was dniwn requiring a candlepower in the beam 
hetwi*en the horizontal and the road level 200 f<vt from the cai 
not less than 1200 candlepower, also restricting the beam at a 
IHunt 100 feet In front of the car, 7 feet to the left ot the 
axis of the car and 00 Inches above road level to 800 candle- 
IK>wer, It was also provldiKl that the candlepower directly 
in front of the car and 60 Indies above the road level should 
not exceed 2400. The reason for the adoption of those posi- 
tions for measuring the glare are as follows If 800 candle- 
power Is the limiting value for tolerable glare at 100 feet, as 
Hie distance becomes greater this value can be Increased. For 
instance, the corTi*sponding value at a distance of 200 ftvt 
would be four times as great or 3200 candlepower It was 
considered, therefore, that dliwtiv in front of the car a 
higher value than 800 amid be adophsl, be<*aiise an on-coming 
driver would never be directly in froni of the car at as short 
a distance as 100 feet Therefore the value of 2400 candle- 
power was allowed. At a distance of 100 feet the on -coming 
driver must have tunied out to pass. His eye, therefore, may 
be assumed to be approximately 7 feet to the left of the axis 
of the car and at a distance of GO Indies above tlie roadway, 
and at this point the light is restricted to 800 candlepower. It 
will be noted that a height of 60 Inches is chosen, which is a 
represfflitative height for the driver's or pedestrian's eye above 
the road level rather than 42 Inches, which Is a figure of no 
particular significance. 


Specifications including these limits were adopted by the 
Secretary of State of New York after a public hearing In which 
the various inten*sts were represented and presented tlielr 
views Since that time the State of California has adopted 
the sumo v a ivies 

oMMLNDlilD ALTERATO.V8 IN PRESOT HEADLIGHT 
SPUCIFU ATIO>H 

The Committee on Automobile Headlight lug Specifications 
has never been satisfied tliat the value of 1200 candlepower 
for the dtivlng light Is sufficient, and at the time of the 
adoption of the 12(X) candlepower figure (he members W'ent on 
lecord ns fa\K>nng a higher value wldoh, howev*er, it was 
believed Inadvisable at that time to put into the si^ecificutlons 
Since that lime the committee has definitely n'Commondi*d that 
the driving light should be lour llines ns Intense, namely, 4800 
tandlei)o\ver as the minimum It has nKo recommende<l that 
headlighting specihcatlons provide tor a proper spread of 
the beam toward the nglit the axis of the car, this for 
the puriMise of revealing pedestrians on the road and of show- 
ing the curb and ditch Its later remmmendntion, therefore, 
includes (lie piovlso that 7 feet the right of the car and 
The State of Conn(s>tlcut has adopUd tlie^e latest recoiniTHsida- 
The State of Connecticut has adopted laest rcorumuda- 

iions of the comml(ti*e and has made its acceptability tests In 
accordance wlHi them Tlie State of Pennsylvania has nd- 
liennl to the New York State practice, excepting that It has 
Impnjved upon it by requiring that 100 feet ahead of the car 
and 7 feid to the right tliere must be a minimum of 800 (*andl#*- 
IX)wer, a piovlso which Is ui accoi dance with the commltte<*'s 
ideas, but w'hlcli do«*s not go quite so far as the committee 
would like to go 

It should be nmlorstood and liorne in mind that these speci- 
fications on the part of the committee aie not Intendeil to 
de8orll)e the best headlighting practice They are lntende<l to 
be applied to (he restrictions applied by administrative offi- 
cials and are drawn with the Idea of working a minimum liard- 
shlp upon CliOM* wdio already have made tin nt temi>t to com- 
ply with the re(|uln*ments of the situation Hence many de- 
vices which from the ptdnt of vn*w of the illuminating en- 
gineer or of the elect ric*al engiiici'r or of the mechanical 
englms^r are decidedly inferior, aie tMpable of complying witii 
these s[)eciflcatlons. Howevei, a strict compllamv with them 
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will insure that devices producing a really undue glare will 
be nile<l off the road, and conditions to this extent will be 
greatly Improved. Those who axe using devices which, while 
they do not produce an undue glare, also do not produce good 
driving light, will after a time come to find that they are at a 
disadvantage by the use of such devices and will exchange 
them for better ones; that Is, the bad devices will be ruled off 
the road, the fair to middling devices will gradually disappear, 
and it Is reasonable to expect in time that motor cars will 
light the road reasonably well both from the point of view of 
the driver and from the point of view of others. One effect 
of the specifications Is to encourage the efllcient devices; 
that Is, those which throw the light on the road where it is 
wanted and not over the entire surrounding scenery where 
much of it la wasted. 

MODKT. HEADUUHT LAW. 

The committee further in connmlon with the Committee 
on Lighting Legislation of the Illuminating Engineering So- 
ciety has prepared a proposal of a nkodel headlight law. This 
proposal contains a number of very interesting and Important 
suggestions, one of which should be of great interest to motor- 
ists Tills is that testing stations should be authorized or 
licensed, where the headlights on any car could be tested for 
a nominal sum. Garages, for instance, might undertake this 
work after having convlneod the authoilties that they have 
the necessary eoutlpment and technical knowledge. Then 
traffic officers should be authorized to stop a driver whose 
lights appear to be glaring and to give him a summons to 
appear at one of these testing stations to have his lights 
tested within a certain time. This should have the effect of 
ellRUlnatlDg from the road all eases of glare excepting such 
as result from willful (Usobedience of the law, and those cases 
could readily be dealt with by ordinary legal processes. 


It should be clear from the foregoing that a start bas been 
made on the regulation of automobile headlights along scien- 
tific lines. With four states approving headUghtlng devices 
as a result of scientific tests made under spedflcatiODS which 
are fundamentally the same, a beginning has been made to- 
ward interstate 8tandardizati<m whicAi is a matter very greatly 
to be desired. Every state which adheres to this rnetlKM! adds 
a good deal to the accumulated results. It is to be hoped 
that through the Influence of the varloos automobile associa- 
tions, future legislation may be guided along these lines. It 
is only by adherence to scientific methods based on funda- 
mratally correct experimental results and represmiting a sat- 
isfactory engineering compromise between the demand for more 
light and the demand for less glare that sound and permanent 
results are to be expected. 

For purpose of demonstrating the points made, Mr. Little 
threw on the screen lantern slides showing, first, the appearance 
of a car on the road 200 feet away ; second, a car turning out to 
pass another car — under this condition the headlights of the 
car are pointing at a considerable angle from each other; 
third, a car 100 foet away in the passing position. On the 
screen Image of each of these slides was thrown the beam 
from an automobile headlight and this beam was modified by 
tilting the lamp, by putting on a prismatic front glass, and by 
putting on a scattering front glass. The results khowed that 
the unmodified beam when placed horizontal would throw a 
bright light In the on-coming driver’s eyes. The unmodified 
beam tilted would avoid this glare, but produce an insuffi- 
cient light at the sides of the road. A prismatic front glass 
would divert the light toward the road, giving good road Illu- 
mination and keeping down the glare and at the same time 
illuminate the sides of the road. A scattering front glass 
would produce a light more or less uniformly distributed over 
all objects in view. 


Development of the Internal Combustion Engine* 

Its Past, Present and Future 

By T. Blackwood Murray 


D uring the past 25 years there has sprung into being 
a branch of mechanical engineering which has already 
become an Important subdivision, namely, the manu- 
facture of light Internal combustion engines for the propulsion 
of motor oars, motor boats, flying machines, and such like, 
and as 1 happen to be the first president of this institution 
directly connected with this branch of the profession, I feel 
that it is a great honor to that section that a motor car 
manufacturer should have been called to the chair of this in- 
stitution, and It Is natural that I should wish to direct your 
attention this evening to some of the features of mechanical 
transport. 

Some 85 years ago Gottlieb Daimler conceived the idea of 
constructing a light high-speed internal combustion engine for 
the purpose of propelling a tricycle. At that time the only gas 
engines in existence were heavy, cumbrous prime movers, and 
built purely for stationary purposes. 

A few years later the manufacture of this light Daimler 
engine was taken up by Messrs. Panhard and Levassor, of 
Paris, and some of them were exhibited at the 1888 Paris 
IntemaUonal Exhibition, and attracted considerable attention 
there. In the affairs of mankind it has been well said that 
it is only in the retrospect that wo can properly appreciate a 
man’s work and put its true value upon it, and looking back 
over the past 25 years one realizes how much the motor car 
industry owes to Panhard and Levassor, particularly the latter, 
for the very valuable work which they did In five years prior to 

*PreslOenAlal address before the Instltutloii of Engineers and 
Shipbalideni In Scotland, November 18, 1910. 


1894 In evolving a practical road carriage to be propelled by 
the Daimler engine By that date they had evolved a vehicle 
which comprised a great many of the essential features of the 
standard gasoline motor car of the present day. For instance, 
the engine was mounted In front of the vehicle under a bon- 
net with the starting handle in front. From the engine the 
power was transmitted through a spring-actuated friction 
clutch normally in engagement, and disengaged by a pedal for 
the purpose of changing gear. Changes of gears were obtained 
by sliding Into mesh suitable pairs of spur wheels mounted 
on parallel shafts. Three speeds and a reverse were pro- 
vided, and a foot-brake operated by a second pedal, and a 
second brake operated by a hand lever. There was also a 
pump for circulating the cooling water. Ail these points are 
standard practice today, and are accepted as matters of 
course, but we should realize what an enormous amount of 
thouglit and ingenuity must have been expended upon the 
problem of conceiving practicable methods of applying the 
power of the Daimler engine to the propulsion of a road 
vehicle, and to invent and design suitable mechanism to ac- 
complish these ends. That these devices have stood the test 
of time is Indeed a great compliment to Monsieur Levabsor’s 
skill and ability. To refer more particularly to one of these 
mechanisms, namely, the sliding speed-change gear— this in 
the early days was greeted on every hand with derielon, and an 
early decrease predlobed for it. Indeed there are few en- 
gineers who have not at some time or other scoffed at its 
crudeness. Even Monsieur Levassor. when twitted aibout it, 
remarked— “C’esi brusque et brutal^ tnaii il marohe.^ The 
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fact Vfttnaliia that It is today a proved and satisfactory device, 
and la Indeed almost In universal use. With the enormous 
Improvement in materials available since Levassor's day, and 
attention to the fundamental points of deeian» the goar-box 
of a modern vehicle gives little trouble even In the hands of 
an Inexperienced driver, and with a moderate amount of skill 
gear changing can be effected noiselessly and without shock. 

Closely following Levassor’s work several other engineers 
produced motor vehicles propelled by these Daimler engines, 
or one of similar design, and In 1804 sufficient Interest had 
been aroused to Induce the Peiit Journal to organize a race 
for motor vehicles between Paris and Rouen, and the laurels 
were easily carried off by the Daimler engines. There is little 
doubt that much more attention would have been given to 
the matter In this country had not the development of the 
motor car been rendered impossUde by the Locomotives on 
Highways Act, which at that time only permitted a motor 
vehicle to be used provided it was preceded by a man on 
foot carrying a red flag, which limited the pace to 4 miles an 
hour. But for this fact I have no doubt that this country 
would have had a more creditable record In the early develop- 
ment of the motor vehicle. In spite of ridiculous and re- 
strictive legislation, however, several progressive men either 
built motor vehicles of their own design or obtained from the 
Continent such crude models as were then being manufac- 
tured, and set out to evolve more practical motor cars. In the 
autumn of 1895 one of these experimenters was fined for driv- 
ing his vehicle in Argyle Street without having a man In front 
bearing the red flag. It was not until the autumn of 1896 
that the law was amended, and motor cars became legal on the 
highways up to a speed of 12 miles per hour In England and 
10 in Scotland. Since that date the industry has gone steadily 
ahead in this country, though In the early days there was much 
prejudice to face and many difficulties to be overcome. 

The car which won the Paris-Rouen race weighed about 
1,300 pounds, and was lit ted with an engine developing about 
BVi horse-power; it therefore developed 1 horse-power per 370 
pounds of weight. Today an average allowance for a passenger 
motor vehicle is about 1 horse-power to 80 pounds of weight, 
and a recent writer on this subject hazarded the prediction 
that, as a result of the Influence of the developmenf of air- 
plane engines, the ratio would probably be Increased to 1 
horse-power per 50 pounds of weight within the next few 
years. This, however, does not Indicate tbo record which has 
already been reached In this direction Recently a two-seated 
light car fitted with an air-cooled engine has been put upon 
the market, which claims to have a ratio of 1 horse-power p*»r 
24 pounds of weight. The early Daimler gasoline engine fitted 
to the first Panhard-Levassor car uas a two-cylinder engine op- 
erating on the Boau de Rochas cycle, and gave one Impulse or 
working stroke per revolution, but the mechanical balance was 
poor, A few years later considerable advance was made by 
the introduction of the four-cylinder engine giving two equally- 
spaced impulses per revolution, and having a fair balance of 
moving parts. The great majority of engines used for car pro- 
pulsion today are of this typo. About 1903 a considerable ad- 
vance was made by Messrs Napier by the Introduction of the 
six-cylinder engine, giving three ^jually-spaced impulses pei 
revolution, and having a perfect mechanical bulaiice. A proi>- 
erly constructed six-cylinder engine runs with great smootli- 
ness, and gives a reasonable equable torque. Quite a number 
of cars with eight-cylinder engines are now being built, and 
even twelve-cylinder engined cars are not unknown. 

The early motor-car engines only ran well at one speed and 
approximately full load. This was largely due to the fact 
that these engines were fitted with carburetors having no 
automatic regulation, and only supplying a proper mixture 
to the engine under these conditions. At any other speed or 
load the mixture was either too rich or too poor to ignite with 
certainty. The Ignition also was by means of hot tubes, which 
necessitated a fairly constant compression in the cylinders to 
be effective, and these early engines wefe consequently con- 


trolled by a hit-and-miss type of governor, which either gave 
the engine a full charge or none at all. The laws governing the 
flow of air and fuel were investigated, and compensating dfr 
vices Nvere devised to ensure that the mixture of fuel and air 
supplied to the engine would be of the desired proportions 
under uU conditions, and some of the later devices attain this 
In a wonderfully simple fashion. The shortcomings of the 
hot-tube ignition as fitted to the earlier engines were soon 
realized, and within a few years it had entirely glvenr place to 
electrical Ignition. Bearing in mind the difficulties that had 
to be surmounted In evolving an electric generator of small 
dimensions and light weight, capable of generating throughout 
a wide range of speed an electric current at a pressure of 
several thousand volts, we realize that the modem high-ten- 
sion magneto Is really a marvelous achievement There are, 
of course, other systems of electrical Ignition, but I have 
referred to the principal type. 

For no very obvious reasons the earliest engines had auto- 
matic Inlet-valves, but these were unreliable, and were soon 
replaced by cam-operated \alves, which could be relied upon 
to open and close at the proper periods. From a crude system 
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depending largely upon splash, the lubrication of engines has 
been studied down to the minutest detail, and in the best 
modem pracileo the lubrication Is by pump, and entirely auto- 
matic, which only requires attention at Infrequent Intervals, 
The early engines were only capable of a maximum speed 
of about 1,500 revolutions per minute, but the torque devel- 
oped at this speefl was practically nil, the torque being a 
maximum at about 600 revolutions per minute, rapidly drop- 
ping off beyond this speed. Today engines will run comfort- 
ably under full load at 2,000 revolutions per minute, and 
may in some cases be accelerated up to over 3,000 revolutions, 
the maximum horse-iwwer being developed round about 2,500 
revolutions pt>r minute. 

Fig. 1 gives the typical brake horse-power and torque 
curves of a modern motor-car engine. 

While the weight of the earliest motor-car engine was ap- 
proximately 60 pounds per horse-power, an average figure for 
a modem engine without fly-wheel may be given as 8 pounds 
per brake horse-power, and we may reasonably expect this 
figure to be reduced to about 6 or 6 pounds in the future. 

The question of fuel economy Is an Important one In any 
engine Intended for automotive purposes not only because it 
directly affects the running costs, but where considerable 
distances are to be traversed, the weight of fuel carried and 
the size and weight of the necessary tanks become considerable. 

The following table shows the brake thermal-efficiencies of 
different types of engines, and from that tableau will be seen 
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^IwIuk Io the facL that a large amount of reaerve powei ih 
»ot*esHary In a motor ear engine to give raplil acceleration, oi 
(o meet the higher tractive effort r(H|uh»Hl for exceptionally 
heavy-roncl oontlition>s, or tor ciiinbing iiKMlerii gradients with- 
tmt changing gear, the engine is foi the gn^ater part of tlie 
time running undei conslderablj less than full load — in fact, 
for 00 per cent of the time It ma> he said to be running at 
fnun one-third to om-half full load Obviously, therefore, It Is 
of great importance that It should have a high fuel ettlclencv 
und4*r thtw conditions la Fig. 2 Is shown the fuel-coiisiimp 
tifin curve of a normal modern motor-car engine running at 
1^000 revolutions pei minute, from no load up to full load 
At lull load the cfliciencv is good, but at half load the find 
cmiKumed per brake horse-power pei hour U 25 per <'i‘ni 
gn^ater tlian at full load At one-third loud the conditions 
are still woise, the consnniption Is (U) per cent gieater per 
brake ho^se-l>o\^ ei per hour than at full load In fact, ovei 
average runuing conditions tln» find consumption Is 50 |)ei 
cent greater than tln^ <sonomy allaiiinblc at full load Now. 
for the conditions I hin<* been describing, the ideal engine 
should have u tuel-consumption cuive somewhat like the 
dotted line A iii the dlagiain. giving maximum wonomv from 
one- third to on(‘-half load, and still a n^asonable economy at 
full load and at no loud Alt<»mids hav4» been made to seeuu* 
this l)> piovidlng engines wdtli vailabh' clenrance-vol nines oi 
by supercharging at lull loads, but, so far ns I am aware, im 
eoospif mill'' su(*cess has as \el been obtained 
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The present engine is far frotn being Ideal, and leaves 
much roouK for improvement, one great shortcoming being 
tlmt It is not self-starting. The mere fitting of a modern so- 
(‘ailed self-starter does not alter the fact that the engine Is 
an inert mass until It is cranked, and this is a serious disa- 
bility which must be overcome The ideal engine for vehicle 
propulsiou would l>e one which was reversible, really self- 
vturling, and having an emergency torque about three or four 
tiiru^ the normal, hucIi as, for Instance, is obtained in a 
Munpouiid engim* by admitting steam to the low pressure 
t\ Under It goes without saying, of course, that it must be 
light, simple in design, require next to no attention, be moder- 
Mt(‘ In coat, and reliable and (economical In a(*rvic<k. The ideal 
engine vv'hich doubtb'ss will be nltlniut<dy evolved may quite 
pKjbably be an entire depuituie fiom the Internal combustion 
ivpe HH II is known today 

While the question of the siX'csl of a vehicle on the road 
IS not of primary importance, It is perhaps the feature which 
I links fonunost In the public csvnccptlon In this connection, 
w'o ibid a v(‘r,v curious unalog.v b(dw(*eu public opinion as to 
the sufe sp(s:»d on lallwa^s In early dajs, and public opinion 
70 years lat(‘r in (nmnection with the speed of motor vehicles 
When in 1821 the first railway between Liverpool and Man- 
rhester was projected by the great engineer, George Stephen- 
son, the fact that lie proposeci to work tlie line with an 
i‘ngine running at 12 mib‘s p(‘r hour wa-s held up as of itself 
sufTlclcnt to stamp the scheme as a bubble “Twelve miles 
an hour^” exclaimed the Quatti'tly RevieWt “as well trust 
laieself to be tired off on a Congreve rocket” Experience soon 
l»roV4Hl, however. Ibat these fears were groundless, but that 
did not i)nwent ver> simlbu fears being expressed in 1800, 
him) a resull, when motor cars were first k^gallKed on Scot- 
iisb roads, the spml was limited to 10 miles an hour, although 
in a few >eurs that was inised t(» the more reasonable limit 
of 20 miles un -houi, and but for thoughtless and Inconsideriiti^ 
ilriving In a few Isolated cases, this limit might ere now huve^ 
iMMai (onslderably increased 

Having tlM‘se fails In view, It is extremely interesting to 
note that, in 1804, in the Paris- Rouen race, the average sp(SMl 
• d the winning car was 12 miles i>ei hour, whereas, In the 
Gnind Prix of 3914, over a difiicult course extending to 400 
miles, an avenige sp(H?d of 65 mlb^ IXT hour was attalucMl . 
while last spring, on a imdor racing track, the mile was 
eoven'd In 2102 seconds, iepn»sentlng a specHl of 149 8 miles 
lH*r boui 

111 the short spa(*e of a (pnirUT of ;j century the safe siieed 
ol passenger Iransit on ordinary roads has been prnctlcall.v 
quadrupled In future, when wi* luiv^e, as vve no doubt w^ill 
liave, special motor-vehicle highways with recognisted up and 
down tracks probably running ovei and under bridges to 
eliminate the cwsslng dangers of other inlorsectlng highwavs, 
the speed of motor vebieles on these roads will at least (Mpial 
that of express trams today, and with pjTfect safety 

Before leaving the questi(»n of spt'ed. it should be noted 
Ibat the question of inpld acceleration is an iiniiortaut one 
lor the motor-car designer Lender ordinary road traffic con 
dltlons It Is, of course, impossible to maintain a constant 
\elocitv from start to lliilsh of the Journey A m(»dern high- 
grade pnssengi^r motor cai is carmble of uccidorutlon on tlie 
b'vel from a speed of 10 miles per Ivour to a speed of 30 mlb^s 
per hour in about 10 seconds, and this capacity for rapid 
aiwleration has a very im|>ortant hearing on the total time 
iequir(»d for any gh’tm Journe.v It also has an imporliini 
psychological eff<*ct on the driver, as the knowledge that he 
( an rapidly regain a high siieed make him much more willing 
to reduce the speed to w-ell within safe limits whenever occa- 
sion demands. 

One of the most notable developments of the past 26 years 
has been in the materials available for construction. While 
in the early years of the motor-car Industry a good quality of 
mild steel was practically all that was commercially obtaina- 
ble. today we have a large (*holco of alloy steels which has 
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«tiabl«4 deilgaera lu tuauy caaes to cut down tbe wein^t of 
a part to ono^tblrd of what It would necessarily have been 
with the older materlala 

The accompanying table shows the enormous advance which 
has been made In the production of high-grade constructional 
steela 

Again, in modem engineering, the designer has not only a 
much better knowledge of the materials he is employing, but 
he can rely upon their being homogeneous and really having 

Comparative Physical Properties of Steel. 



UltllDAU 

Yield 

BloDiatloo 
ia 8 laclm 

RidiicUoQ 
ol area 

Medium carbon eteel (nonnaltsed) . 

Tons 

30 

Tods 

10 

Par 6«nt 
26 

Percent 

46 

Bright drawn uild-sUel bara 

Air Board SpMiifioation SI, Part 1 

36/42 

26 

16 

40 

3 {»er cent, niokel eteel ban (heat treat. ). 
Air Board Specification S8 - 

46 

32 

24 

60 

Niokel ohtome (heat treated). 

Air Board Specification Sll - 

66/06 

46 

18 

60 

6 per cent, nickel oaae-hardenlng ateel 
Air Board Speoifioation 3S 17 

00 

60 

13 

40 

100-ton alloy ateel bam. 

Air Board Specification 818 - 

100 

.... 

8 

20 

Chiome vanadium iipring steel 

116 

no 

10 

— 

Special alloy steel for gears, etc. - 

134 

100 

8 

16 


the physical properties set out in the spociflcation, and, tliere- 
fore, It Is unnecessary to use such generous factors of safety 
as were usual in the earliest days. 

Where the designer is dealing with the problem of motor 
vehicle or similar structures in which saving of weight Is 
of supreme importance, he must carefully disenminate In the 
case of each part, and employ only such a factor of safety as 
Is necessary, having In view the point as to whether the 
structure is only subjected to such a stress as can be accu- 
rately estimated, or whether it may be liable to severe over- 
load stresses due to shock. To take a concrete Instance, con- 
sider the case of a foot-brake lever. Here it is known that 
the maximum stress which can be imposed is the pressure 
everted by the man’s foot, and if we take a maximum figure 
for this It is sufficient to allow a factor of safety of two with 
respect to the yield point of the material. While in mild 
steel we dare only stress the part up to IVj tous per square 
inch, with 8 per cent nickel steel we <-an go to 20 tons, and 
with nickel chrome steel we can go to SO tons per square inch. 
On the other hand, there are parts such as axles where the 
dead-load stresses may only represent as little as 8 per cent 
of the maximum stresses which may be imposed by exception- 
ally severe road conditions, and the Impossibility of contending 
with such conditions without the use of these special alloy 
steels will be readily appreciated. 

Prior to the advent of motor engineering, the accepted 
dim^sions and basis of design for machine-cut gearing were 
su<di as to have made the motor car an impossible proposi- 
tion. To give a single instance an electric crane reduction- 
gear transmitting 80 horse-power at a pitch-line speed of 760 
feet per minute, with velocity ratio between the two shafts of 
diree to one— the gears being machine cut of steel— an aver- 
age size for the teeth was one inch circumferential pitch by 2% 
inches wide. In a modem motor car gear-box, having ma- 
chine-cut wheels of case-hardened special alloy steel with the 
same pitch-line speed transmitting the same power, and with 
the same speed ratio between the shafts, the following dimen- 
sions wouM be found very ample :"-.68 Inch circumferential 
pltdi by' one indx wide, and tbe relative wights of tbe two 
sets ot gears would be In the one case 05 pounds and in the 
other 11 pounds; In other words, the weiiht of the motor-car 
gear is less than 12 per cent of the weight of tbe electric-crane 


gear. Where in aircraft design the weight is of supreme Im- 
portance, by the adoption of still higher-grade materials still 
greater reduction in wei^^t can be achieved. I do not sug- 
gest that all this reduction In weight la due to better ma- 
terials; probably the two most important factors are the 
st^s that are taken to harden the wearing surfaces of the 
teeth, so as to carry tbe enormous loads without deformation 
or abrasion, and the accuracy with which the teeth are 
formed and finished, and, in a lesser measure, the brecautlons 
which are taken to maintain correct relative position and 
alinement of the shafts to eliminate deflections and vibrations. 

To obtain full advantages of these various alloy steels very 
special and accurate heat treatment Is necessary at various 
stages of the manufacturing ptx>ce8ses. The heat-treating de- 
partment in a modern motor-car factory Is a section of primary 
importance in charge of a technical expert, and In dose touch 
with the works* laboratory. It embraces a variety of fur- 
naces of dilTerent types for normalizing, carbonizing, reheat- 
ing, and tempering. Tbe trend of design of furnaces would 
appear to be towards the producer-gas type. The control of 
the temperature is of vital importance, and in the case of 
some steels the temperature for a given treatment must be 
kept within very narrow limits. 

The determination of temperature is almost entirely done 
by means of electrical pyrometers, preferably of the recording 
type, so that the life history of any batch can be referred to 
at a subsequent date, if necessary. Batteries of cooling batbs 
are also provided to suit each particular process, and these 
are carc'fully maintained at the required temperature. 

Fig. 3, which is taken from a paper read recently by Mr, 
Arthur Stubbs, shows graphically the extreme importance of 
the correct temperature and the proper methods of cooling 
]f the material is to have t^e physical properties desired for 
the particular duty It is called upon to perform. Failure to 
observe these conditions may produce most disastrous and 
totally unexpected results. As an instance, similar pieces 
of nickel chrome steel were reheated to 600* 0., the one 
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FIG. 8 CURVra BHOWIKQ IMiPORTANOD OF COBBBCT 
TEMPEmATURB AKD FROPSHt METHODS OF COOLING 


water quenched and the other allowed to cool slowly; the 
sample whldi was water quenched gave an Izod test of 
62 foo^pottnds, whereas the slowly-cooled test-piece gave an 
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Izod test of 1 foot-pound. The greater danger lies In the fact 
that this extreme brittleness of the slowly-cooled sample would 
not ha VO been disclosed by. an ordinary tensile test 

An extremely useful adjunct to the heat^treattng depart* 
nnont is the copi>er-platlng shop. By this means the case- 
hardening effects can be located as desired on machined parts. 
By proper hardening and tempering one is able to vary the 
relation between the ultimate tensile strength^ the elastic 
limit, elongation, and reduction In area, and to obtain with 
certainty the combination most suitable for the purimse in 
hand. 

I cannot leave the subject of materials without referring 
to aluminum alloys. These are playing an increasingly im- 
portant part In the construction of motor vehicles and air- 
craft. Those alloys are largely employed in the construction 
of engine-eases, gear-boxes, etc., and more recratly pistons 
have been largely made of this material. For this latter 
work they have the two important advantages of lightness 
and high heat-conductivity. To mention in particular one 
of these, durulumln is an alloy containing upwards of 90 
per cent of aluminum, and has a specific gravity of 2 8 as 
compared with 7.8 for steel. In the hull construction of the 
H84 16 tons of duralumin were used. According to the purpose 
for which it Is intended, duralumin can be supplied in qualities 
ranging from an ultimate tensile strength of 26 tons per 
square Inch with 25 per cent elongation, tO 35 tons per square 
inch with little elongation, the elastic limits being 13.5 and 
20 to 27 tons per square inch respectively. The Brinell num- 
ber for duralumin plates varies from 109 to 174, the higher 
value being for thin, and consequently hard plates. 

Particulars of a new light-piston alloy a];>peared a few 
weeks ago in an American technical Journal. Its chief con* 
Btltuent Is magnesium, which has a specific gravity of 1.74. 
This new alloy is claimed to be specially suitable for pistons. 
Its elastic limit is from to tons per square Inch, and 
Its ultimate tensile strength from 7 to 8% tons per square 
inch. It Is further claimed to possess a low coefficient of 
expansion and high heat-conductivity; is easily machined, 
and less abrasive on tbe cylinder walls than aluminum. We 
may look with confidence for still further substantial advances 
both in alloy steels and light constructional alloys. Progress 
In the past Is only inidcative of what will certainly be achieved 
in tbe near future. 

Let us attempt to visualize the motor road-vehicle of the 
future, and the conditions under which it will have to work, 
say, 20 or 80 years hence. The recent railway strike brought 
home to the public the capabilities of mechanical transport, 
and before long the enormous importance to the prosperity 
of the nation of the highest possible grade of highway will 
be fully realized. There Is probably no other national invest- 
ment which will ultimately show a more handsome return. 

One of the difficult and moat Important problems to be 
tackled by civil engineers is the method of constructing high- 
ways so that they will require a minimum of upkeep and 
provide a smooth and clean surface for traffic. The road of 
tbe future will be proportionately broad to the traffic it has 
to carry. It will be so constructed as to be practically dustless, 
and there will be an absolute prohibition against any other 
than rubber-tired traffic. Neither horses nor other animals 
will be permitted on its surface. If they are to be trans- 
ported over them, it must be in trucks suitable for the pur- 
pose, as is done in railway work today. It will then $0&xk Just 
as reasonable to suggest driving a flock of sheep along one of 
these main highways as it would appear to us today were 
a farmer suggesting to drive a flock of sheep along a railway 
line. Traction engines and agricultural imcfleipents and such 
like will not be allowed to destroy the surface m they do 
at present. Sharp bends will be eliiainated, and on main 
highways few gradients will exceed X la 20, and even on 
Bubstdlary roads greater gradients than 1 tn 10 will probably 
not be permitted. The surface of these roade win aleo be 
maintained at a certain definite standard determined probably 


by soiae epedes of Mlnuogtapli, and there wUl be no aoeh 
thing ae tbe road wares and i>ot bolea with which today 
we are all ao paiofully familiar. A private owner win, la fact, 
have legal redress against the antlMNrltiea ahodld his reblde 
be damaged through defective road aurfCoet. WIdle dlacuae 
ing the question of roads, It will be interesting to oompare, 
for a moment, the tractive effort neoesaarjr under varlona con- 
ditlona. The foUowlng table gives the tractive effort required 
In pounds per ton to overcome road resistance: 

TBAQTIVE anrOBT BEQUlBEn TO OVEBCOMB SAIL OB BOAD SIHUeTABCB. 

Railways — Lba. p» ton 

Main-line railways 16 

Electric tramways 26-80 

Road Surfaces — 

Asphalt on concrete d0-f8 

Smooth granite aetts 60 

Tar Macadam, hard 06-70 

Glean wood pavement 70 

Tar Macadam, muddy and sticky 86 

Road metal, partly rolled 120 

Tar Macadam, soft and cut up 140 

Unrolled toad metal 200 

This shows conclusively that the question of road surface 
la of paramount Importance and has a direct bearing on the 
cost of transport, and no effort should be spared to obtain the 
most efllclent road surfaces. When It la borne In mind that 
a gradient of 1 In 20 neceasltatea an additional tractive effort 
of 112 pounds per ton. It becomes abundantly clear that the 
difference In tractive effort required to haul a rubber-tired 
vehicle on a flrat-class road as compared with an electric tram- 
way Is so moderate as to be practically negligible. On further 
reflection It would seem difficult to find any reasonable excuse 
for the retention of tramway cars, more particularly as they 
form a ffioat serious obstruction to other traffic In the streets 
of a town or on a highway, owing to the lack of dlrlglblllty, 
and tbe tramway lines form a fruitful source of damage to 
road surfaces, and constitute also a frequent cause of tire 
damage and aide slips. 

When really good roads are an accomplished fact it will 
no longer be necessary to have a gear-box or Its equivalent 
in motor vehicles, and it la quite possible that it will be un- 
necessary In tbe lighter vehicles at least to provide anytfalog 
in the nature of a differential gear, as tbe coefficient of friction 
between tbe tires and tbe roadway will not be such as to 
prevent tbe slight amount of slipping necessary to take place 
without damaging the tires. 

The gradual Improvement In roads will react very materially 
upon the design and the weight of motor vehicles. At piestot 
we are compelled to design vehicles sufficiently strtmg to with- 
stand the worst conditions under which they may have to 
work, and in some cases the conditions are very extreme. 
When one can rely upon reasonably good highways much 
lighter construction will be possible throughout, and every 
pound saved In weight reacts through the whole design and 
throughout the Ufe history and efficiency of the vehicle. 

One great i>r<fl)lem which demands tbe doaeat attention of 
the engineer to the conawvatlon of our fuel sniffiUee. We 
cannot go on at we have done In the past. The rate of oon- 
sumption has been rapidly rising, as has also the coat, and 
supplies are far from being unlimited. Our duty, therefore, to 
future generations demands that the most strenuons efforts 
be made to oonaerve every ton of fuel, to Increase tbe efltolency 
of thermal anglnes, and the various manufncturlng piooeases 
In order thet this end may be attained. 

Aa long ago as 1886, Prof. J. P. Lesley, addteeMng a meeting 
of tbe Institute of Mining Bnglneera hi PlttSburib snld: ‘T 
am no geoiogtot If it be true that the maanfseture of oil 
In tile lehointory of Mature to atUl going on nt the hundredth 
or the tiwusqndtii pHrt of the mte of Its exhauation. And 
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tb« science or geology may as well be abandoned a« a guide 
If events prove that such a production of oil in western 
Pennsylvania as our statistics esdilbit can continue for succes- 
sive generatloos. It cannot be. There is a limited amount 
Our children will merely and with difficulty drain the dregs.” 

Hi should be clearly borne in mind that we have been in 
the past, and are at present, living upon capital; this* as 
every business man knows, is a prodigal policy, and sooner 
or later will lead to bankruptcy. In other words, we must 
live on revenuo— that la to say, we must year by year obtain 
in some manner or other our annual supply of fuel either 
from agriculture or some other natural source of produc- 
tion. Here It is appropriate that I should make a brief 
reference to the possibilities of alcohol as a fuel and the 
report recently issued by the Government Alcohol Oonimittee. 
With the desire of fostering home porductlon and fuel for 
motor vehicles, France has for years past devoted a large 
amount of attention to the question of running internal com- 
bustion engines on alcohol, with considerable success. In the 
French War Office trials, carried out In 1910, the following 
very interesting results were obtained : 


Petrol (gasoline) 53.2 gross ton-miles per gallon. 

Alcohol fuel 46,3 gross ton-ralles per gallon. 

Benzol 67.1 gross ton-miles per gallon 


The alcohol fuel was a mixture consisting approximately of 
60 per cent alcohol, 35 per cent benzol, and 15 per cent petroL 

Taking alcohol at Is. 3d., benzol at is. lOd., and gasoline 
at Is. 11 P^r gallon, the cost per ton-anlle works out at 
«45d* for gasoline, 412d. for alcohol fuel, and .385 d. for benzol. 

It has been clearly demonstrated that alcohol alone, or a 
mdxtnre of alcohol and gasoline or similar fuels ore quite suita- 
ble for the propulsion of motor vehicles, and there seems to be 
little doubt that alcohol will be one of the most important 
fuels In the future. Its merits are sumoiarlzod In the follow- 
ing sentence taken from the British Government Committee’s 
report: 

”The outstanding and fundamental attraction of alcohol 
motor fuel as a substitute for any fuel necessarily derived 
from coal or oil deposits lies in the fact that, on account of 
Its chief sources being found in the vegetable world, supplies 
of raw material for its manufacture are being continuously 
renewed, and are susceptible of great expansion without en- 
croachment upon food supplies.” 

While the prospect of commercial production in Great 
Britain is not encouraging, there is every possibility that the 
necessary supplies of alcohol fuel could be produced within the 
British Ehnplie, the raw material being obtained from tropical 
countries. The vegetable materials from which alcohol may be 
produced are so varied and widespread that there would ap- 
pear to be almost no limit to supplies. There are sugar-con- 
taining products, such ae molasses, large quantities of which 
are at present running to waste; starch-containing products, 
such as cereals, potatoes, etc. ; and cellulose-containing prod- 
ucts such as wood pulp. 

Dr. Ormandy, in a paper read In 1913, instanced a plant 
Intended for British Nyassaland capable of producing 600 
gallons of alcohol per week from maize. The cost of the raw 
material mily amounted to 8d. per gallon of alcohoL The 
other diarges he estimated at 6d« per gaUon, making a total 
cost of 6d. per gallon at the dlstiUery. This, however, as he 
pointed out, Is a very small plant, and from the figures given 
by other authorities there seems to be little doubt that alcohol 
can be produced at from 5d. to fid. per gallon at the distillery. 
In the recent Government Alcohol Oommlttee’s Report there 
is taullcated a very promising source— nam^, flowers of the 
mahua tree. These the oommlttee stated could be cultivated 
and ddivered at the local dlstlllwy at 80s. pra* ton, whidi 
would reprosent a taw material cost of 4d per gallon. Given, 
thetefbre^ reasonable eYdoe regulations, which will no doubt 
oosae In tlme^ fbere seems to be no reason why denatared 


alcohol fuel should not be delivered to the consumer at about 
Is. 3d. per gallon. 

The following table shows the comparative properties of 
denatured alcohol, petrol (gasoline), and parafihi (kerosene), 
and the cost per brake horse-power per hour with these fuels: 


Cost Per B.H P. Pee Hour ok Various Fuels. 


FuoL 

BThU^i 
per Ih. 

Bribe 

Tharmel 

BttdeDcy 

Lba pv 
B.HP. 
per hour. 

^ 

oPwHIlD 

Gnvlty. 

GiUem 
perBH.P 
per hour 

4 

Prke per 

Cott nnr 
B.HFr 

per hour 

Denalured 

Alcohol 

11,000 

Bveent 

80 

•77 

•880 

•093 

I/s 

1-400. 

Fetrol - 

19,000 

88 

•88 

■780 

•07S 

i/iij 

l>70d 

Paraffin - 

80,000 

80 

-04 

-810 

•079 

i/» 

1*480. 


Steps must also be taken to fully utilize our natural sources 
of energy, such as waterfalls. We may even be compelled to 
devise satisfactory ways and means of obtaining mechanical 
energy from such sources as solar heat, wind, and tides. 

Perhaps the most interesting field of application of the 
internal combustion engine, and certainly the most romantic, 
is in the realm of flight. From the earliest ages it has been 
man’s ambition to conquer the air, and one can scarcely 
realize that little more than a decade has elapsed since the 
brothers Wilbur ond Orville Wright first accomplished a flight 
In a machine heavier than air driven by a gasoline engine. In 
this field, i>artlcularly during the war, development of design 
has been astonishingly rapid, and one might say with truth 
that the results achieved have been almost miraculous While 
the Wright brothers began with an engine developing 15 horse- 
power, airplanes are being constructed today with one or 
more engines each developing 400 or 500 horse-power. One 
of the most successful engines of modern design develops 
450 horse-power, and only weighs 662 pounds, or rather less 
than I Vi pounds per horse-power. Even when an engineer ac- 
customed to motor-vehicle practice, which Is thought to com- 
bine maximum lightness consistent wlith safety, Is first 
brought into contact with these latter-day aero engines, he 
stands aghast to see how fine the limits of weight have been 
cut. It was stated in a recent publication that the wei^t- 
carrying capacity of a modern airplane la about 33 per cent of 
the total weight. It Is not unreasonable to assume that In 
the next few years this percentage should be raised to at least 
50, and upon this assumption it ought then to be possible to 
construct an airplane capable of carrying one man and suffi- 
cient fuel for a short Journey, having a total weight of 150 
pounds. The engine would probably be about 20 horse-power, 
of the air-cooled type, weighing not more than 20 pounds. A 
few years hence, therefore, we may see practical machines 
offered on the market enabling a man to fly from point to 
point with as great ease as he would cover the distance on 
a motftrcycle today. Great progress will doubtless be made 
in the construction of larger airplanes and in their commer- 
cial use, though It must be borne In mind that the manipula- 
tion of these machines will always require a much higher de- 
gree of physical efficiency than is necessary for the control of 
vehicles running on land or water, as the landing of an air- 
plane must always call for a cool head and sound Judgment. 
Simultaneously with the development of the heavier-than-alr 
macdiine, great progress has been made in the construction of 
lighter-than-alr craft, and I need only refer to the magnificent 
feat of the Clyde-built airship R84 in crossing and recrossing 
the Atlantic a few months ago. It may safely be said that the 
rate of evolution of aircraft will largely depend upon the pro- 
gress that is mde In evolving new and Improved prime 
movers. The field offered to the young roglneer is illimitable. 
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One of tbe most IrapresBive Illustrations of the modem 
development of the light internal-combustion engine la the ex- 
tent to which It was need, and the part It played, in the 
great war. In the air the gasoline engine alone served for the 
propulsltm of airships, airplanes, and flying boats. On the 
land it was principally used for the propulsion of either 
passenger- or goods-carrying vehicles or engines of war, such 
as tanks; and also for a large number of other purposes 
where a light portable prime-mover was necessary. On the sea 
it was utilized for the propulsion of motor boats and various 
small craft, as well as for auxiliary purposes. At the con- 
clusion of hostilities the British War Department had 82,000 
motor lorries, 28,000 cars, and 83,000 motor cycles. 

By the courtesy of the Ministry of Munitions I am able 
to give a statement of the total horse-power represented by 
the output of internal combustion engines by British manu- 
facturers during the war. 

The table is divided into three sections — ^namely, aero 
engines, mechanical transport engines, and tank engines; of 
the former tbe total production during the war amounted to 
the enormous figure of 7,004,000 horse-power. Dealing with 
mechanical transport engines, the table does not give the 
figures for the years 1014 and 1015, but these aggregate about 
three-quarters of a million horse-power, and, therefore, the 
total brake horse-power of mechanical transport engines pro- 
duced for war purposes was 2,282,000. For tank engines the 
total was 840,000 horse-power, making a grand total for all 
classes of 9,860,000 horse-power, A prime mover that has so 
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Aug**I>eo. 

1914* 

1915. 

1916. 

1917. 
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wide and general an application merits the closets attention, 
and no effort should be spared to improve it 
While there has been great progress in tbe last 25 years 
In the constructlonnl materials available for the engineer, 
there has also been a great development in machine-tool prac- 
tice generally, and especially in the evolution of tools for the 
production of parts in quantity in a cheap and efficient manner, 
and of such high-grade accuracy as to be interchangeable. 
Time only permits a very brief reference to this Interesting 
subject, but perhaps the advance made in automatic grinding- 
machinery is one of the most Interestlog developments. Not 
only has tiie grinding machine made it possible to produce 
with ease complicated parts such as multiple-throw crank 
shafts with an accuracy unapproachable even by a skilled 
turner, but also at far lower cost In the process of case- 
hardening, a certain amount of permanent distortion inevitably 
takes place, and in no other way could this be rectified than 
by the use of automatic grinding-machined. Brought to a 
high state of perfection, they can deal with poetically any 
form of surface, flat, circular, intenial or external, or of irreg- 
ular shape, such as cams for operating Inlet and eodiaust 
valves. Such cams can be produced commercially to a Umlt 
of accuracy of I/IOOO in^. In fact, where drop forgings are 
used It Is no uncommon praetlee to dispense with the lathe 
entirely, and to machine and finish such parts as crank Shafts 


and camshafts right from tbe forging on grlndlng-macbines. 
Considerable success has also been achieved in automatic 
grindlng^machines to rectify the teeth of hardened gear- 
wheels, where the slliht distortion that is almost inevltaUe 
nnder heat trealtment would otheTsdse set up undesirable noise. 

In motor car work the diameter of the Shafts la so small 
Jn proportion to the torque transmitted that the <dd-taablOBed 
methods of keying are insnfficieot. The best modern practice 
is to machine 6, 8 or more key-ways equally spaced oh the 
shaft, and these, after hardening, can be ground to accurate 
dimensions in suitable automatic grindlng-maChlnea. 

Broaebing or drifting machines are being Increasingly used 
fur producing all shapes, or holes, such as the castdlated holes 
In the bosses of wheel parts to be mounted on a castellated 
shaft snch as I have been describing 

I cannot omit a reference to the great advance whldi has 
)>cen made by the Introduction of what is known as high-speed 
steel for cutting tools. As the accompanying table khows. 


It permitted cutting speeds to be very substantially Increased, 
and It enabled much heavier cuts to be takmi — ^two facta which 
very soon led to the complete redesign of machine tools. Mudi 
stlffer tools were required, tools running at a higher speed and 
of much more rigid design, so that full advantage could be 
taken of the new steels. 

Wherever a highly-specialized piece of machinery Is to be 
produced in quantity, the aim of the engineer must be to 
confine skilled labor to the tool room, and in tbe factory 
proper the tools must be as nearly automatic os posMble, and 
should also be, as far as practicable, slngle-purpoee tools so 
as to avoid all unnecessary complication in their construction. 
They should. In fact, eliminate the necessMy for jigs. 

It must ever be the engineer’s aim to cut down the time 
required for tbe production of any given part to a minimum ; 
therefore, as far as possible, similar operations on a part 
should proceed simultaneously. For instance, multiple head 
milling-machines are now built wbldt will surlhce three or 
four faces on, say, a cylinder block slmnltaneoasly at one 
setting. Again, in a succeeding operation it may be necessary 
to drill upwards of 60 boles in the said cylinder block distri- 
buted on three or four surfaces. Machines are now constructed 
which will bore all these holes simultaneously at one setting. 
This indicates the direction in which evolution is tending, and 
wherever tbe quantities to be produced warrant the expense, 
It is the correct policy to adopt. It ie In this connection 
that standardisation of parts is not only of immense value 
to the engineer, but equally so to the benefit of tbe com- 
munity at large. A policy of standardisation must, however, 
be pursued with caution, for there Is a tendency when stan- 
dards are flx^ to adhere slavishly to them with tbe Inevitable 
result that pregress is thwarted^ and new and improved meth- 
ods are thereby rendered more difflcnlt of introdoction. 

While not belittling for a moment what has been achieved, 
the product of the antomatlc tool still, as a rule, leaves some- 
thing to be desired. To be entirely satiefactory It meat finish 
off tbe article with all neceseaiy fillets, male and female, and 
all rags of every kind must be automatically removed so 
that tbe part passee on to the finished parted store, and 
ultimately to the erector, then into its place without any flle^ 
reamer, or eemper toactalng any portton of It It is only 
the country whose engineering factoilen adopt tbe higher 
standards that wlU be able to emnpeto roecinafnlly in the 
markets of the world. 
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Loading Machines for Underground Use* 

Their Efficiency in Reducing Mucking Charges 
By A. M. Gow 


T he desirability lia« long been recognized of some 
machine that will reduce the arduous labor or “muck- 
ing/* or shoveling ore or coal Into tram cars underground. 
Many attempts have been made to produce such machines. 
Machinery has been Introduced Into almost all other operations 
of mining to increase the tons per man and reduce operating 
cost. Even the books are kept and the bills made out by 
machine; but the No. 2 shovel still holds Its own. It will 
have to give way, however, for the insistent demand for an 
underground loader, and the efforts that are being made to 
produce it cannot fail to bring about a certain degree of 
success. 

It Is not to be expected that one design of machine will 
meet all requirements, because the underground conditions 
as to head-room; tonnage, and character of material vary 
between extremely wide limits. A machine admirably 
adapted for work in one mine might prove utterly useless In 
another. The conditions in one mine might warrant an In- 
vestment wholly prohibitive elsewhere. A machine designed to 
handle a large tonnage in a low coal seam would In all proba- 
bility prove Inoperative in an iron ore mine on the Mesabi 
Range. Compressed air may be the most suitable source of 
power In one district and electricity In another. Conse- 
quently, there Is room for machines of several types differing 
from eadi other not only in detaU of design but In their fun- 
principles of operation. These fundamental prln- 
d^es have already been pretty well disclosed and Incorporated 
in many machines, many of which have been of a more or less 
experimental nature. 

NO ON* MACHINE MXBT8 AIX CONDITIONS. 

Th© anbttloas Inveutor would do woU to ezasaine tbo fllw 
o< tbe Paiteot Ofltoo and famlllaalre talmaelf with ttio otato of 
tlM an and learn aa nudh ee ha can from th© aucconoa 
and fallurea of other Unventora. It la uaually a good plan 
to where the other f^w left off. Foaalbly eome gentna 
mgy appegr wlttto aome near and rerolntlooary idea, but that 
■eaBoa haedlg pt obalde. Sttoceaa la to b© looked for in the 

•Kipriatto from th# JlnginHtlnf ant MtuMio 


proper mechanical design and proportion of parts and adaption 
to a given set of conditions. Ko one machine will meet them 
all 

It is useless to attempt to draw a general speclftcatlon for 
an underground loader or to make an accurate statement aa 
to the requlremeuts It shall fill, except In tbe most general 
terms. Of course, it should he low In first cost, but at tbe 
present time lit is almost impossible to hazard a guess as to 
what is tbe maximum price an operator can afford to pay. 
"JjOW first cost*' in one place might be ruinously high In 
another. Simplicity of mechanism and fewness of parts are of 
course desirable, particularly in ore mines where the stuff 
bandied le fine and as abrasive as emery. Inaamuch as the 
operators have llittle mechanical skill and training, the ma- 
chine should be as nearly “fool proof’ as possible. When the 
machine falls the whole mining program is liable to derange- 
ment; there is no place to put tbe machine and facilities for 
repairing it are poor. But such oonglderatlons Should not he 
given undue emphasis. Machines on the surface break down 
and wear out, but operaltors do not go without them on that 
account Furthermore, operators must not expect too much 
at this time. After the designer has done all he can, the 
madilne must be really developed underground. And here 
the manufacturer and the user Aould cooperate to their 
mutual advantage. 

There Is no doubt about tbe demand for such machines, and 
tbe Increasing wage scale and the scarcity of men able and 
willing to “muck" make the demand more acute. Some oper- 
atois h(dd that, even If madilnee should not reduce the cost 
of production, there would be other gains not shown upon 
the cost sheet that would make toe use of machines wdl worth 
while, If, In addition to doing toe work, machines will reduce 
the cost of production, taking Into constderatkm Investmesit. 
tnninitenance, and depredation, so mudi the better. 

ni(K oonsTncso in icucxme. 

Time stndies ande underground In mines when a number 
of operations constltote a cyde and result In tbe ^odoctlon of 
a csp to *" tonnage usually show that toe most promising field 
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Fioa 2 AND S INODBBODLrRAND ENTRY CUTTSa AND IX>ADER 

for saving labor la upon that Item where labor is moat largely It has oocurred to many persons that the problem could be 
expended, namely “mucking." Though, of course, the time at least partially solved by a machine that would slmjdy be 
consumed In the different operatloDS varies greatly In differ- a loader end not a digger, the Idea being that the heavy labor 
ent mines, take it by cmd large In metal mlnea,^ it appears that comes In in ralelng the loaded ebovd to the top of the tram 
“mucking” cmiaumes 85 to 40 per cent of the time, the re- car. Probably the simplest form In whidi the Idea appears 

malnder bdng dlatilbuted over such Items as blasting, blowing is In the Jeffrey Pit Oar Loader shown In Fig. 1. Thia ma- 

out smoke, tramming, trimming, timbering, drilling, track chine consists of a motor-driven belt conv^or set upcm an In- 
laying, and so forth. In varying percentages. Bvidently the dine, passing over head and tail pulleys as small in diameter 

place to Increase effidency and tons per man la upon the as practicable. The ore or coal la shoveled by hand upon 

shoveling of the dirt after It has been broken down. the conveyor at Its lower end, and derated Into the tram 

It would appear that great activity has been shown in the car. This madilne le not upon Its own wheds, but Is moved 
ooal-minlng Industry to produce such machines tbai^ has through the drifts on a timber truck and set In any podtlon 
been Shown In that of metal mining. The tonnage and the desired. Several yean ago the Oleveland-OUffs Iron Oo. 
character of the material are probably more favorable In built such an devator and mounted It YHpon wheda 
coal than In metal mines. But each has its own dlflScnltles. Inasmudt as a surface wagon loader along similar lines Is 
In no place does the problem seem an easy one. in very general use. It would seem that there might be a 

Shoveling Into tram can really compriees two operations: Add for this type of machine If properly designed to meet 

digging the loose material and elevating it Into the can. In- underground conditions. But apparently the fedlng among 
Teuton and mechanics working along different lines have mining men Is that If the material haa to be ehovded anyhow 
produced distinct types of machines, varying between wide It might just aa wdl be Shovded Into the car and be done with 
limits In cost and weight and ranging In all degrees from it, and to fill the bill an nndergtound loader must dig as 

extreme simplicity to greet complexity. An attempt Is here wdl as load. 

made to group tbeee various machines according to thdr fun- It has been suggested thne and again that a modlflcatloa 
damental principles. Such grouping or claastOcatloo is neces- of the idee almost universally used on concrete mixers could 
sarlly Inexact, because ithe types overlap each other and some be used for underground loading. Sand, cement, and aggre- 
madilnes might reasonably appear in two groups. The pur- gate are deposited upon a pan, and then, by pow» means, the 
pose, however, Is to show what has been tried from the pan Is elevated to discharge Into the drum. If a stmllar pan 
mechanical standpoint. The economical results and effects were adopted to discharge into a tram car, the shoveling 

upon the cost sheet will not be treaitod here. Such statements upon the pan would he nwstly on the level, large chunks 

are liable to be very misleading, cumI results obtained with the would not have to be lifted by band, and a fair pn^tortlon 
same machine may differ greatly at different times. of the dirt oonld be picked off the pile right on the pan. By 
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mefitiB of a wire rope and a nmall winding drutn» the pan could 
be elevated through simple guides of structural stcH^l so bent 
at the top as to dump the pan into the car In ilu^ absence 
of power, the drum could be turned by hand like a winch 
So far as I know, this idea, although sketched In several 
forms, has not been reduced to practice This proposal meets 
with the same objection. The machine does not dig. It only 
elevates. It does but half the work If the capacity of the 
madilne to load is limited by the shoveling capacity of the 
men, It is not worth while. Whether or not this position is 
well taken, the fact remains that although proposed and tried 
out some years ago, machines that simply elevate and do not 
dig have not come into extensive use in mining operations. 

To avoid shoveling upon the conveyor the Ingersoll-Rnnd 
Oo. about ten years ago developed a combination of coal 
puncher and elevator shown In Figs. 2 end 3. A powerful 
puncher Is sltuateil on a carriage over the low end of a flat 
conveyor. The puncher is capable of vertical and lateral 
movement The first operation Is to undercut the seam, then 
move the low end of the conveyor as far forward as possible 
and break the coal down upon the conveyor. Obviously, such 
a machine could be used only in material like coal, soft 
enough to be mined without blasting. In fact, one strong 
claim for the machine was that It dispensed with explosives. 
Though It has been used successfully in certain coal mines, it 
has not come into general use. In iron mines It, of course, 
is out of the quQStloD. 

The same fundamental idea of breaking the coal down so 
as to fall upon an elevator was worked out in a very elab- 
orate manner by the Jeffrey Manufhoturing Oo. It was 
brought out In 1918 and la called the Jeffrey-Morgan Mining 
and Loading Machine. It is designed for thick coal seams. It 
is shown in Figs. 4 and 6. The undercutting and vertical 


shc'arlng are done by cutting chains, and a series of heavy 
reclproeaUug picks brrok down the coal upon the conveyor un- 
derneath, which discharges upon a Si'coijd con\eyor, which in 
turn, delivers into the ear. This machine, though tried out 
thoroughly, Ims not proved popular. The number of movable 
parts, its complexity, and high cost seem to be against Its 
general adoption, even in mines working seams of sufficient 
depth to permit of Its operation. It can operate only in 
nuiterlal so soft that Ibla sting is not required. 

As was to be expected, the Idea of a bucket elevator has 
appeah^l to a number of ambitious inventors. On the sur- 
face, bucket elevators dig from a boot, elevate, and discharge. 
Why not do the same underground? Such a machine must be 
able to hold Itself against the pile of dirt In order to make the 
bucket fill. Under Its own power It must have forward and 
Imckwurd motion, and, In addition, a certain amount of rad* 
lal motion to cover the width of the breast. Twenty-odd years 
ago such a madiine was built at the shops of the Minnesota 
Iron Co , intended for use at the Fayal mine. It was a heavy, 
clumsy affair, and did not prove at all satisfaetory. No pho- 
tographs or drawing are available. 

A machine along similar lines, though much more carefully 
designed, was built about five years ago in the Hibbing shops 
of the Oliver Iron Mining Go. It was designed by H. R. 
McQueen. Fig. 6 reduced from the general drawing, shows 
the arrangement It gave good results so far as It was tried, 
but was not In service long enough to really determine Its 
limitations. Unfortunately It was destroyed in a fire without 
having had a fair chance to show what It could do. 

A very ambitious attempt along the bucket-elevator tine le 
shown In Figs. 7 and 8. This machine, known as the Jackson 
shovel, has been built in five sizes. Obviously, the maiffilne 
here shown was not designed to meet the underground con- 
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dltions of the average mine. A mneh efoaller model, only 
5 ft. 6 In. high, wa« designed for mining one. X am not In- 
formed aa to what ia the atatua of thia machine today, or 
whether it waa ever given a thorough tryout underground. 

The lateefc aspirant for public favor of ihe bucket-^vator 
type is known 8« the McDermott Continuons Twin Scoop 
Imder and Is put on the market by the Wellman-Seaver- 
Morgan Co. Fig. 9 gives a clear conception of It. From the 
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ad ver tl sing li tern ture the following description is taken 
**The material lo taken up by scoops or buckets on an end- 
less chain, elevated and dropped Into a hopper, which feeds 
to a convt'yor belt, which, In turn, loads Into a car. The 
scooping mechanism Is so pivoted that It can dig aa well to the 
side as to the front of the machine. The ore, however, being 
delivered to the conveyor through the hopper, reaches the 
car behind the loader no matter at what angle the scoop u 
loading. The dimensions are: Length, 15 ft. 9 in.; height, 
6 ft, 7% In. ; width. 4 ft. 0 in. ; weight, 8,000 lb,*» The aver- 
aging loading capacity is given as 45 tons per hour. It Is 
reported as giving excellent results In at least one iron mine 
in Michigan. 

From the mechanical standp(iint. machines of this type are 
subject to fSxe criticism that, iimsmucli aa iron ore is very 
gritty, the many movable parts, links, pins, and other mem- 
bers, Incident to the use of n chain belt will be subject to 
excesadve wear. How serious this objection Is remains to bo 
seen. , It undoubtedly has less weight applied to machines for 
use in coal mines than in iron mines. Machines will wear 
out, and repairs and inailntenancc are an oillBet to the advan- 
tage and economies effected by any kind of machine loader. 

Another type of machine comprises a redprooating digging 
element at the front that discharges the material upon a 
conveyor that deliver it Into a tram car in the rear. Two 
machines, the Myers- Whaley, built by the Myers- Whaley Co , 


and the Halby, bniU by the Lake Shore Bn^e W<Nrki» Mar^ 
quette, Mich., Inoorporate the idea,, ISiese are beyond the 
experimental stage, having gone through several years of 
experience and trial and the atrengthenlng of weak places. 
They show careful design, and undmr certain condkioua of 
oi>eratfon have proved entirely sueoessful. The BaSby has 
been pretty thoroughly tried out in the Iron nanes of Michi- 
gan, and, though it proi^ed entirely operative so far as digging 
and loading waa CMicemed, it haa not met with favor suiBclent 
to warrant its general introduction as a substltate for band 
mucking. The riae, weight, first coat, and mechanlom of these 
machines, In the opinion of the operators of iron mines, leave 
them out of the running in competition with hand labor. The 
Myers-Whaley machine is shown In Fig. 10 and the Halby 
machine in Fig. 11. Both machines are built in different 
hisses. The dimensions of the No. 4 My ere- Whaley are given 
as length. 26 ft 0 in.; height, 4 ft. 0 in.; weight, 18,000 lb. 
Tlie No. 2 modc^ has a length of 21 ft. 0 in, ; height 8 ft 10 
In. : weight, 9,000 lb. The latest model of the Halby, T-700, Is 
2H ft. 4 in. over all, 4 ft. 6 in. high, and 4 ft 8^ in. Wide. 

In the Pennsylvania coal regions the Halby has beea In- 
stalled dn several mines and is reported as giving most exedi- 
lent results. A capacity of one ton a minute is easily obtained. 
Ill fact the tonnage Is limited far more by the difficulty of 
getting oars than by the capacity of the machine to dig and 
load. In this respect the loading machine is ahead of the 
management and if it ia the intention to use machines the 
mine should be laid out aocordingly. 

Another machine which properly belongs In this group, but 
differs radically in mechanical construction, was built by 
Messrs. Billings & Middlemlss and tried out at the Morton 
mine, In the Mesnbi Range. It Is shown In Fig. 12. The dig- 
ging element in this case is a large, powerful hoe, having a 
forward and backward motion, adapted to hoe the ore upon an 
apron From the apron the ore is discharged upon a belt 
<‘onveyor and thence Into the tram car. The belt conveyor 
was operated by an air engine, and the movement of the hoe, 
the swinging motion to enable the hoe to cover the width of 
the breast and the tilting motion of the conveyor, was obtained 
from direct-acting air cylinders. Underground at the Morton 
mine the machine was reported to he digging and loading sue- 
<*essfully, but apparently It never got beyond the development 
stage, and so far as I can learn it Is not being exploited today. 

Where slopes are high enough and tonnage is large enough, 
there is no reason why revolving motor-driven machines of 
tite steam-shovel type should not be operated underground. It 
would seem that a small revolving shovel would go a Icmg 
way to solve the problem In many mines, and, as would be 
expected, the Idea has been mechanised along several lines. 
The fundamental conception is that of a shoved or dipper 
filled by fordng It into the pile, then raised, revolved 180 
degrees, -the dipper door trippcMi, and the load dropped into 
the car. 

The Thew Automatic Shovel Co., of Ijoraln, Ohio, build a 
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timall, tnotor-driven «ho\el eHpeoially for underground 

work. Though It Is a small machine as steam shovels go, It 
Is quite large as an underground loader. It is shown In Fig. 
13. The dimensions given are over-all height, 9 ft 0 In. to 12 
ft. 0 in., over-all length about 25 ft. 0 In One twenty-horse- 
power motor by means of friction clutdies furnishes power 
for ihe operations of hoisting, crowding, swinging, and pro- 
pelling. Where head-room will permit and tonnage warrant, 
there can be little question as to the operatlveness of this 
machine. 

A large builder of mining machinery Is now engaged upon 
the developmeDt of a machine of this general type designed 
to work in low coal seams. A centrally located hydraulic 
Jack, like a large drill column, holds the machine In place 
between floor and roof. A horizontally operating dipper stick, 
carrying a very flat dlpiier, Is adapted to revolve around the 
central column. The dipper having been fllknl by forcing U 
horizontally under the pile, is raised, swung around over the 
iur, and discharged by means of a. pusher Where Uie roof la 
low and the room Is large the machine would seem to present 
iirany possibilities. It Is not yet lieyond the developmental 
^tage, and the builders request that no photographs he pub- 
lished at present. 

For several years Captain Samuel Hoar, a mining man of 
Virginia, Minn., has worked to produce a revolving shovel 
Hinall I'oough and strong enough, sufficiently simple and "fool 
proof," to meet the demand upon the iron ranges of Minnesota 
and Michigan. Tlie results of his efforts are embodied in the 
Hoar Loader, as manufactured by Hie National Iron Works. 
It is shwn In Figs. 14 and 15. Upon a truck Is mounted a 
tnnitaMe, carrying the “power unit." This "unit" consists of 
three reversible air engines, each controlling one motion of 
the mathlne. Tlie dipper flrat moves forward horizontally by 
the action of one engine. It is then swung into the horizontal 
position by the action of another. The third then rotates the 
turntable, until the dipper is over the tram car, when the 
operator tiipe the dipper door by hand. The operator rides 
the machine and handles three levers, one to each engine, In 
the forward or badeward position. Obviously, the machine 
oan be equipped With motors instead of air engines If desired. 
The machine can work in a drift 6 ft. 6 in. high by 0 ft. 0 in. 
wide. I^e movable parts are wdl covered and protected 
from dirt an^ water. This machine seems to be growing in 
favor, Btatlrely successful operations from the cost sheet eide 
are reported from a number of iron minds. Though, no doubt> 


the machine will be ImproviMl as exi^crleiice dictates, neverthe- 
less it is past the experimental stage. Particularly good re- 
ports are heard from its operation tn rock drifts where muck- 
ing is specially laborious. 

All the machines thus far described are open to the criticism 
that they comprise ccmstantly moving parts, such as motors, 
chains, elevators, and so forth, Involving more or less com- 
plexity and wear. As said before, Just how much weight 
should be given to this criticism Is problematical. But there is 
an entirely different type of machine to which it is not appli- 
cable at all, for the movements are intermittent and obtained 
by means of direct-acting air cylinders. A dipper is loaded 
by being pushed directly into the pile. It is then swung di- 
rectly upward, over and backward ti> a dumping position, and 
discharges into a tram car without the Intervention of any 
conve>Ing mechanism 
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The machine is callable of sufficient radial movement to 
enable it to cover a breast nine or ten feet wide or four and 
a half to five feet each side of the center line. The machine 
is not self-propelled, as It is argued that the idea lends Itself 
to so light a mechanical construction that It can be readily 
pushed through a drift by hand and that s^f-propulslon in- 
volves mechanism not worth while. The radial movement, too, 
Is acoompl^e^ by band, but the other movements are con- 
trolled by direct-acting air cylinders. For a ^ven amount of 
power expenditure there is no question that electricity is 
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cheaper then air- But It la argu^ that air la alwaya praaent 
to operate power drlUa, and not in uae for that porpoae when 
loading ia being done. Therefore, alt la the logical power to 
drive the madilne. The argnment would aeem to have eooald* 
Mable weight, eapedally in levela and in place* where tt la 
not dealrable to pnt In electricity for hanlage. Two ma* 
chine* of thla type have been dealgned, the Mlddlemlaa and the 
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Armatrong. Though aeveml Mlddlemlsa niachlnea have been 
built and operated underground. It le atill In the development 
atage and haa not reached commercial form. Figs. 16, 17 and 
18 ahowed one model In three different poeitiona. 

The dipper la aecured to the end of a platon rod and driven 
Into the pile by a direct-acting air cylinder. Upon reaching 
the end of the stroke, the air Is reversed, and the backward 
movement of the piston In the cylinder rotates both cylinder 
and dipper to the dumping position. The velocity of the 
dipper ait the end of Its backward strokes determines how far 
the dirt will be thrown, and thla velocity la controlled by a 
cataract cylinder. The dipper then returns to Its first position 
by gravity, ready to repeat Ihe cycle. Many troubles were 
experienced with the one machine with which I am farolltar, 
but they did not appear to be Insurmountable and I am advised 
that an Improved design will be tried out soon, In wblcb It Is 
hoped that the troubles will be overcome. 


The Armatrong Loader to the reaplt of sataral^pagtF tetd 
and peratoteni; wwrk of ^F^raiik AmslirMig^ ma d MAW a agtn a ar 
of the Peno Mining Oo., and ntaufactteied bgr iW Lnka SO.- 
perlor Loader Oorporatloa. It to abown In Flgn' 10 and 00. 
It differs wlddy In medinntcnl dataU ftom tba Mlddleinton 
and has little In oominMk with it except the fondamental Idaa 
of the use of air cylinders and the movemeot tff the dipper In 
a vertical plane toom the digging position, over and badt 
the machine to the dumping position. It fans one petuUar 
feature upon which Its promoters place great streask and that 
is Its ability to do what dtey call "adectlve digging;” 

In case the dipper meets an obstacle that It aditiot over* 
come, it does not stall but automatically ratoas and dldes 
over It, continuing Its fall stroke^ Whmi all the dirt within 
reach bae been shovded, the machine la andamped from the 
rail, moved forward by hand and clamped again to the rail la 
the new position. In order to dig across the face bf a breast 
eleven feet wide, the machine to supported on dxeular 
tracks, the ceiiter of which to In the tear of the macblae^ so 
that the dipper In the dumping posltimi to alwnjw directly 
over the tram car. It will operate within a he^'^room of 
soven feet, and the weldit to about 4,000 lb. It ^legottotes 
with perfect ease any track or curvO upon whldi tram can 
can be operated. Oomparatlvdy light In weight, simple In 
iiiechantam, with no conttnuonsly moving parts. It eppean 
to be an extremely promising machine, especially for metal 
lulnea. In wet, sticky ore, however, tronble may be expected 
from the dipper’s refusing to discharge. The velocity of the 
upward and backward movement of the dipper to capable of 
adjustment and control by means of the cataract cylinder. 
The machine Is clearly beyond the experlmmital stage, and 
on a manufacturing basis, built to Jigs and templets to secure 
exact dupllcatloa of parts. Just what Its limitatlims are re- 
mains to be seen, for In Its present form It has been upon the 
market only a comparatively abort time, but to giving very 
satisfactory results In at least half a dozen metal mines. 

In the December, 1018, number of Coal Induitry there ap- 
peared an Interesting and complete article entitled “Under- 
ground Ooal-Loadlng Machinery," by B. N. Zem, In which la 
described the Hamilton Loader, built as long ago as 1906. It 
might be likened to a bucket elevator turned fiatwlse ; and is 
spoken of as a “flat flight” machine. Fig 21 conveys a pretty 
clear idea of how an endless chain carrying scraper arms or 
“flights” deliver the coal upon a conveyor that In turn dis- 
charges it upon a car. The article referred to goes on to say : 
“The Hamilton machine In its original and Improved forms 
was experimented vrlth for two or three years In various coal 
flelda It did load coal at the rate of a ton a minute. It 
picked np the coal and left the floor practically clean. It 
would load extra large lumps, was easily handled, and fairly 
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free from breakdowns. To all appearances a machine had 
bean produced Miich apparently had every requirement and 
was capable of loading at the rate of 2,000 pounds per minute, 
or the equivalent of the work of ten men. But in spite of Its 
good features It did not prove to be a success, largely owing to 
the fact that existing conditions in coal mines rendered it 
Impossible to keep the machine in continuous operation. In 
some localities it was not permlssiblo to shoot the coal down 
to the door, as it would break too much This necessitated 
the employment of extra men to pull down the coal, and they 
were unable to do this In sudi a manner as to keep tho machine 
busy. This, together with the delays universally encountered 
In coal mines, left but little time for the actual loading of 
the coal. Further tmavoldable features of the machine were 
its size and weight and failure to adapt itself to pillar work.** 
The above quotation should be read carefully by too hopeful 
inventors, for it well illustrates the disappointments they 
must meet. 

For the handling of dirt on the surface the road scraper 
or **8lusher*' is a very old arrangement. So, also, underground 
various modifications of the scraper idea have been used for 
many years. For a simple scraper system underground in 
zoetal mines the first requisite is a small, powerful, portable, 
reversible, reasonably cheap hoist that can be set up any- 
where on a post or drill column and operated by anybody 
under any conditions. The Ingersoll-Rand Co. make the “Lit- 
tle Tugger” hoist which seems to fill this specification. The 
use of It in connection with an ordinary road scraper or 
“Blusher” is gaining in favor In the ore mines of Minnesota 
and Michigan. Its use would seem to warrant the laying out 
of metal mines with special reference to this method of 
handling the ore. In Fig, 24 two "Little Tuggers” are mounted 
on one column, so that the scraper can be hauled back by 
a tail rope. So far as I know, In the iron mines of the Lake 
Superior district no tall rope is used, the semper being hauled 
back by hand. It is a question whether the use of the tall 
rope is a real advantage if the haul Is less than fifty feet 
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What appeals strongly in the scheme is its extreme simplidlty. 
In ease a straight pull from the breast to the raise in which 
tho ore is dumped or to the car to be loaded cannot be se- 
cured. a snatch block can be used to make the turn, but the 
snatch block is a source of grief and trouble, and should be 
avoided If possible. Consequently, the mine should be laid out 
In advance, so that the location of slices and raises Is such that 
the haul shall not be greater than fifty foot — twenty-five is 
preferablo — and the pull on the rope shall be straight. In 
chunky ore it may be difficult to hold tlie 'handles of the 
Scraper, es|>ecially when its nose gets under a piece embedded 
so tight that It cannot be moved. 

In ont‘ mine where the ore was very wet the scraper was 
made of slats or bars, and really acUMl more like a rake than 
a scrapiT. It Is, of course, a simple matter to make the scraper 
of a size and conetructlon best adapted for the character of 
the material. Getting the scraper to dig into a pile and get 
a full load appears to be the most difficult part of the Job. As 
a rule the two men, one on the hoist and the other on the 
scraper, cliange off. Obviously, this scheme is workable in 
places where it is impracticable to place a loading machine. 
On the sub-levels it can dispense with track laying entirely if 
the raises are placed properly uith reference to the slices. 
The results attained at certain mines warrant the belief that 
this rejuvenation of an old idea has come to stay. 

Following certain suggestions of F, E. Keese, general super- 
intendent of the Oliver Iron Mining Co , at Ishpeming, Mich . 
there was tried underground an arrangement for handling a 
scraper which appeared to have in It possibilities, but which 
has not yet been worked out to a satisfactory conclusion. 
No photographs are available, but Fig, 28 will suffice to ex- 
plain the Idea. By either legs or drill columns a light channel 
iron is supported near the top of the drift. It carries a 
sheave on Its front end, a “Little Tugger’* on its rear end, 
and a trolley between Winding up the rope by the hoist serves 
to drag the scraper into and up the pile of dirt, and Avhen filled 
it Is run backward to a point over the tram car and dumped. 
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It iB drawn back by hand to the digging poaitibn. It was 
found that In case the nose of the scraper got under an 
movable chunky the roan on the handles was lik^y to go 
over the top and head Into the breast. In dirt that would 
break without chunks, and, that at the same time, was not 
sticky, It Is probable that the arrangement could be worked 
to gooti advantage 


4. It sin^ides the problem of replacing loaded cam with 
empties, 

5. It can be worked in seams of any height, althottgti more 
attractive to low-seam <^ratUms than high. 

6. It is not affected by seams of moderate incUnatltm. 

7. In case Of falls of roof, little or no Injuiy can result, as 
the hoist is away from the room. 

8. It Is dexlhle and can be adapted to the drawing of {dUars. 



FIG 21 immovKn ifAMii/roN t/)ader 


What is probably tiic most complete and elaborate develop- 
ment of the scraper Idea is that known as the Evans System, 
the invention of Oadwalader Evans, of Pittsburgh, Fa. The 
Goodman Manufacturing Co. handles the invention and makes 
the installations. The only real novelties the system seems to 
possess are the thoroughness with which the details have 
been wwked out and the peculiar **V*'Hshaped bottomless 
scraper. 

Fig. 22 shows the system dlagramallcally In elevation. It 
is aistomary to install the layout so that it may load out a 
block of four rooms. A double drum hoist operates a main 
rope and tall rope, and by means of properly located sheaves 
the scraper travels the lengt^i of the room, making its own 
path or roadway and discharges Its load Into the tram car In 
the entry. Fig 25 gives a comprehensive Idea of the scraper 
and of how it transports the coal. In both anthracite and 
bituminous coal fields it appears to be gaining in favor A 
fairly full description of the arrangement will be found In 
the Coal Age for December, 1018, where the advantages of the 
system are given as follows* 

1. It requires no track in the working place after the first 
crosscut is made. 

2. It uses no complicated mechanism, 

3. Delays are few and repairs light. 


Its disadvantages would seem to be : 

1. The capacity of the system is low, 

2. The abrasion of the coal in the scoc^ as It passes over 
the bottom, along with tihe churning of the parUdes, causes 
degradation of the product. 

3 The power consumption an dragging the scoop over the 
floor is large. 

Though undoubtedly the system has been a success in coal 
mines, it is questionable whether in metal mines it would 
prove prt’ferable to the very simple sdieme described above 
in theoperation of which a '*Llttle Tugger” hoist, a rope, and a 
road scraper are all the equipment required. 

This article does not pretend to have covered the whole 
fleld. No doubt there are many machines that may have been 
built and tried and proved disappointments and have not 
come to my attention. There is also a number of machines 
that are in process of design. No consideration has been 
gi\cn here to a certain type of conveyors specially designed for 
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use in thin coal seams, whidi In some cases is made to SOO 
feet long. In Coal In4u$try for December, 1918, will be found 
a reference to such machines as well as to certain loaders not 
discussed here. 

From all the foregoing it would appear that development Is 
to be looked for along three general types of machines as 
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follows: Stralgtkt alr>operate<l shovels that throw over In a 
vertical The Armatrong Is an example of an operative 

maOblne of this type. Snuili revolving power shovels, operated 
by air engines or dectrlc motors. The Hoar and Thew are 
typical. Machines with a digging element In front, d^verlng 
upon a conveyor that discharges into a car. These are repre- 
sented by the Myers- Whaley, tbe'Halby, and the McDermott. 
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It Is Still a question \\hether or not the machine should be 
self-pro])elled. That would seem to depend upon the weight 
of the machine and whether electric motors are available for 
moving the machine from place to place. Self-propulsion 
necessarily Involves a complexity of mechanism to be avoided 
If possible. 

Continuously moving parts and continuously moving motors 
would seem to be conducive to wear and loss of power. A 
machine of the revolving shovel type operated by direct-acting 
air cylinders would appear to offer possibilities, but at the 
same time present many mechanical difficulties. But the field 
Is big enough, the conditions are so variable, and the demand 
Is so Insistent that there is little doubt that several types of 
machine will be developed, giving the mine owner a reason- 
ably wide latitude from wblch to pick and choose, and re- 
ducing tbe labor of underground loading, with what effect 
upon the coat sheet remains to be seen. 


TEARING STRENGTH OP 1-Al‘ER 
That there Is no relation between tbe actual tearing 
strength or toughness of paper and the values obtained with 
the '■ommonly-ueed paper testers le Indicated by the results 
of receot experiments at the Forest Products Laboratory. 
The method of teet, employing a Schopper tensile strength 
teeter, demonstrated that tbe toughness of paper can be nu- 
merically measured, bat that tbe pop test, breaking length, 
percentage stretdi, and number of folds give very little Infor- 
mation alMvt this property. 

The fiollowlng table gives the tearing strength of various 


papers In grams as determined by the laboratory method and 
the value obtained In the commonly-used tests : 


Kind or 
Paper 

Weight 
of Keam 
24x90 

Pop 

Teat 

Breaking 

Length 

Stretch 

Folds 

Tearing 

Strength 


Lbs 

Lba per 
Hn Inch 

Meters 

Per 

Cent 

No 

Qrama 

News sheet 

28 

8 

2,916 

1 0 

1 . 

17 

Steamc<l 

groundwood 

(brittle) 

34 

14 

4,584 

1.5 

5 

21 

Tough kraft 
(soft feel) 

41 

44 

6,070 

3 6 

■ 

3,020 

so 

Hard kraft 
(tinny feel) 

52 

38 

5,320 

5 0 

556 

73 

Litho 

(bleached) 

sulphate) 

; 

1 44 

25 

4,860 

1 

2 9 

248 

83 

Bond 
(all rag) 

: 38 

37 

.5,.S6.1 

5 31 

798 

88 

Ledger 
(all rag) 

, 87 

no 

6,335 

6 1 

2,436 

167 


OUlt OVERBUILT PETROLEUM-REFINERY CAPACITY. 

Fiouubs recently compiled by the Bureau of Mines, Depart- 
raient of tbe Interior, show that the petroleum-refinery capacity 
of the United States la considerably overbuilt. At the present 
time the refineries have a total rated capacity 50 per cent 
In excess of the reflnable oil supplies, which will be near 
80 per cent when the refineries now building are completed. 

Tbe oil runs to the refineries of the United States for tbe 
jear 1910 were 861,620,153 barrels of crude oil, or, 900,466 
barrels per day. In December, 1919, the refineries In opera- 
tion had a dally capacity of 1,3664155 barrels per day, whereas, 
the daily run of crude oil to tbe stills was 1,046,052 barrels. 
Indicating tliat Uiey are running at only 73 per cent of their 
rated capacity. 

It is evident that larger supplies of refinable crude oil are 
needed by the refineries which are now in active competition 
In tbe purchasing of crude oil in the open market. This com- 
petition for oil to keep tbe refineries In full operation has 
doubtless been one of the Influences In the recent advances 
of crude oil In the United States. Crude oil In the Mid- 
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Continent field, which produces some two-thirds of the reflna- 
ble oil In the country, has advanced from 32.26 per barrel to 
38 50 per barrel in tbe last few numtha 
A complete list of the refineries, their locations, and ths 
dally capacities, has recently been compiled by H. F. Mason, 
Petroleum Eoonomtst of the Bureau, Waablhgton, D. C. 
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C OLLOID chemistry is the chemistry of 
(finely-divided masses; in other words 
of bubbles, drops^ grains, filaments, 
and Alms. This is not an exclusive classifi- 
cation, becaure each bubble has a film 
around it and each film may be considered 
as consisting of coalesced drops or grains. 

On the other hand, this is rather a conven- 
ient way of looking at things, and it can 
be Shown that bubbles, drops and grains, be- 
cause of their peculiar physical properties, 
may be very important, both toclmically and 
In everyday life. 

SUBBUSS. 

If we add a little oil to a large mass of 
water and then beat air Into it, we shall form air buJ>blt>8 
coated with an oil film In the mass of the water, When these 
bubbles risk* to the surface, the oil film is not sufficiently vis- 
cous to keep them from breaking and they will oonseauently 
disappear. If we have present any solid which will pass into 
the oil film and make it more viscous, the bubbles vrtll not 
break as they reach the surface and we shall have a stilt 
froth, because the bubbles will practically be armor-platetl. 
This can be accomplished, for example, by shaking up an ore 
consisting of a sulphide mlneml and a siliceous gangue. The 
sulphide mineral is wetted more readily by oil than by water 
and consequently adheres to the oil film. The siliceous gangue 
is wetted hiore readily by water than by oil and consequently 
stays in the water, settling to the bottom of the tank. Since 
the mean density of the sulphide mineral, the oil, and the air, 
forming the bubble, is loss than water, Che bubbles rise and 
we get a stiff, pemianent froth, which can be scraped oft 
in any desired way, and which contains, theoretically, all of 
the mineral and none of the gangue. Practically It does not 
work out as simply as this, some of the mineral always stay- 
ing in the gangue and some of the gangue being carried up 
with the bubbles. However, a very satisfactory concentration 
can be obtained In this way, and the process, which is some- 
times known as the Bubbles Patent of the Minerals Separation 
Company, is used very extensively In this country. Some 
years ago It was estimated that twenty million tons of ore 
were concentrated by this process every year. It Is probable 
that the amount is larger today than it was then. In the 
early da^s of this process, while it was being developed in 
Australia, Herbert Hoover was one of the engineers for 
the company. 

If we blow in a great deal of air, the number of particles 
of the sulphide mineral on each babble will be less, and the 
bubble will be corres^XHidingly less stable. Instead of getting 
an armor-plated froth, we may get very fragile bubbles which 
will burst as soon as they reach the surface, allowing the 
sulphide mineral to drop back. In case this happened, there 
would be no concentration ; bat It is possible to 'remove the 
mineral Just before the bubble breaks. This is known as the 
Callow process, the bottom of the tank being usually covered 
with muslin cloth, or something of that sort, thraui^ which 
a large amount of air can be blown In the form o< flue bubbles. 


This differs from the strict bubbles process 
in that a fragile froth is obtained instead of 
a stable froth. On the other band, the two 
have the tiling in cemunon that they both 
use air bubbles coated with oil as a means 
of floating the solf^ide mineraL The 
amount of oil necessary Is very small indeed, 
only a few pounds per ton of ore. There are, 
of course, llsnltatlons to the use of either of 
these procesms. If the ore is n6t ground 
flue enough, the mineral particles will not 
stick to the oil film and will not be carried 
up. If the ore is ground too fine, too much 
of the siliceous gangue will be carried up 
with the mineral. The ideal method would 
be to grind the sulphide mineral fine and the 
siliceous gangue coarse; but no engineer 
lias yet been able to accomplish this desired 
result 

A case in which the presence of bubbles 
has been very important is In the foaming 
of beer, because people would have refused 
to drink beer which had no “collar.*' The stability of this 
froth Is due to visoous colloidal materials suspended in the 
beer, albumoses, as they are called. If these are removed, the 
beer does not fSoam, any more than we get a froth on the sur- 
face of champagne. 

Bread may also be considered as an extreme case of a per- 
manent froth, since we have air bubbles enclosed in the mass 
of the bread. We know that the good qualities of the wheat 
loaf are due very largely to the amount of gluten contained 
in the flour. On the other hand, there are flours which con- 
tain a high amount of gluten and which do not make a good 
loaf. In order to account for his, the bakers speak about 
strong and weak glutens. On examination, however, it seems 
as though all the glutens probably have the same chemical 
composition, in which case the difference between a strong and 
a weak gluten must be due either to differences in the amounts 
of electrolyte present, or to difference in structure. This is 
one of the problems which is to be studied by the recently 
founded Institute of Baking In Minneapolis, which is assisted 
by a scientific advisory committee of the National Research 
Council. 

The characteristic property of Ivory soap and some others, 
that they float,* is due to the presence <ff large numbers 
of small bubbles In the soap. There is a /eport, for which I 
do not vouch, that a chemist once acquired Great merit from 
the soap company by which he was employed, because he made 
It possible for the ccmipany fo sell a carton of soap powder 
twice as large as that sold by the competitors at the same 
price. , What had happe^ned was that the soap powder was 
full of air bubbles, and the same amoimt of soap occupied 
double the bulk. There seems to be no reason to suppose that 
bubbles In soap adtd very much to the washing power; but they 
certainly, have a very high advertising value. 

•jf 

BBOPR. 

.Metallic sodium is prepared by pasaiitg a current through a 
suitable bath' of fused salt, caustic soda, the moltea sodium 
rising to the top of the batjb. Metallic aluminum is made In a 
rimilar way by pasring an current through a fused 

bath consisting of ciy^te, alumina, and a few other uoih 
stances, the molten aluminum sinking to the bottom of the 
bath. In both cases we find that tbs work must be dons 
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wltbin urtvw t«iikp«ratore limits Tb^ lower Umit is, o£ 
c6iirs^ that at wliich the bath soUdlfles. If the temperature 
is raised too much ai>ore the flatting point of the bath, the 
bath aoouires the property of scattering small drops of the 
molten metal all tiirough It, and these drops, coming in contact 
wltli the other electrode, are there burned, thereby causing 
a great loss In current efficiency. If the caustic soda bath is 
heated 40* above the melting point, absolut^y no yield of 
sodium, is obtained, no matter how much current Is passed 
through the c^L With aluminum the temperature limits are 
considerably wider; but it is desirable not to go more than 90* 
or TO* above the melting point of the bath. 

In the preparation of metallic phosphorus and metallic sine 
we have a very different problem in regard to drops. These 
two substances are distilled from the furnace and are con- 
densed from the vapor form outside the furnace. If either of 
them becomes oxidized, there Is formed a surface film around 
the drops, and we do# not a compacc material. In the 
case of zinc, the product that is obtained, in case things go 
wrong, is culled blue powder, and contains only 86 per cent 
zinc. 

An emulsion consists of drops of liquid suspended In a 
second liquid. If we use the generic term oil to signify any 
liquid which Is not mdxable with water, wc may say that 
we have two types of emulsions, the one being drops of oil 
suspended in water, and the other being drops of water sus- 
pended In oil. Milk is an emulsion of butter fat In water; 
butter is an emulsion of wuter in butter fat. Mayonnaise is an 
emulsion of oil In water, and so la cod liver oil. Ijanolin Is an 
emulsion of water in purified wool fat, and may contain as 
high as 80 per cent of water One man has recently taken out 
a patent for making cheaper printing Inks by diluting them 
with lanolin and water This is merely producing an emul- 
sion of water in the lanolin and oil which acts as a v^lcle 
for the pigment of the printing inks. 

It is, of course, Important to know under what conditions 
one gets an emulsion of oil in water or of water in oil. The 
general belief is that this Is determined by the relative 
amounts of oil and water, one getting an emulsion of oil in 
water when using relaltvely little oil, and of water in oil when 
using a large excess of oil. Recent investigations have shown 
that this la not so, and that the ordinary emulsions consist of 
oil, water, and a third substance which forms a film around 
the drops. The nature of this substance determines the 
type of the, emulsion absolutely, and Ibe relative amounts of 
oil and water have nothing to do with It. Under certain cir- 
cumstances we can predict without any difficulty which type 
of emulsion will ibe formed. If we have a substance which 
forms what is called a colloidal solution in water and which 
is absorbed by oil, this substance will form a film around 
the oil and give us an emulsion of oil In water. If the third 
substance forms a colloidal solution in oil and Is adsorbed 
by water, it will emulsify the water in the oil. Typical cases 
are to be foun4 with the sodium and calcium soaps. The 
sodium soaps form' colloidal solutions In water and do not 
dissolve In oil. Odns^uently they emulsify oil in water. The 
gums act in a simllap manner. On the other hand, the cal- 
cium soaps form colloidal solutlonB in oils and not in water. 
Consequently they may be used to emulsify water in oil. 
Rosin acts In a similar manner, and in the old days ready- 
^ mixed paints used to be adulterated very largely with water, 
even dp to 80 per cent in some cases, the water being emulsi- 
fted in the linseed oil by the rosin which is always present. 

A dilute emulsion is distinctly fluid; but a concentrated 
emulsioa may behave exactly like a ^ solid. Pickering, in 
England, emulsifled 08 per cent of kerosene by volume In 
one volume of water containing soap. This gave him a stilt 
jelly which could be cut with a knife and the cubes would 
stand akme. He noticed the curious thing, that when these 
solid cubes were left standing In dry air, they liquefied. The 
reason for this was that the water in the soap flhns evaporated 
and the emulsion consequently cracked, setting free the kero- 


sene. The mass did not become liquid because it had taken 
up water, but because If had lost water. The solid alcohol, 
which ia so popular nowadays, is not an emulsion, although It 
does contain water. It is, more properly ^leaking, a Jelly. 

The books on lubrication tell of an experiment which 
bothers the authors very much. If one starts with a heavy 
mineral oil containing a considerable percentage of a caldum 
soap, and adds water to it, it was expected that the mixture 
would be more fluid than the original oil, because^ water is 
much more mobile than the mineral oil. Instead of that hap- 
pening, however, the whole mass became solid, giving a grease 
instead of an oil. The reason for this is very clear to anybody 
who knows about emulsions. Owing to the presence of the 
calcium soap, the water was emulsified in the oil, and when 
enough water bad been added a semi-solid grease was formed, 
Just as Pickering had found with Intermediate conccrntratlons 
of kerosene in water. 

The pharmacists make a great use of emulsions, and the 
books on phannacy are filled with elaborate descriptions as 
to the methods of making them. The usual way is to dissolve 
the gum which is used as an emulsifying medium in the water, 
place this in a mortar, and then add the oil a little at a 
time with continuous stirring. The chemist is trained to 
use vessels which seem to stand In some proportion to the 
amount of substance that he is using. On the other hand, the 
pharmacists lay down the rule that one must use a very large 
mortar, the more nearly the size of a bath tub the better. 
They are also very particular about the way that the mixture 
shall i>e stirred. If one starts stirring to the right, one must 
continue stirring to the right, or no emulsion will be formed. 
Some 1>o()ks go so far as to say that a left-handed man cannot 
make an emulsion, which seems a bit absurd. Many of title 
precautions given by the pharmacists seem foolish; but, on 
the whole, empirical rules, which have stood the test of years, 
usually prove to have some foundation, although (be reasons 
given for them uoay be entirely wrong. This la the case with 
emulsion-making. 

When the cliemiais started to make emulsions, they said 
that it ought to be much simpler to add all the oil at once and 
to shake by machine instead of stirring by band. This did 
work well for the dilute emulsions, but It was found that no 
amount of shaking would give a very concentrated emulsion. 
At first the chemist thought that this was due to inefficient 
shaking, and he devised a much better shaking madilne, 
which, however, gave practically the same results. It was 
then found that if one put the mixture in a bottle, shook it 
by hand for a few times, allowed it to settle, and then shook 
again, this Intermittent shaking gave results which could not 
be obtained by doing a thousand times as much work with a 
shaking machine. It was then clear that one reason why the 
pharmacist had added the oil a little at a time was because 
this was equivalent to intermittent stirriing, for be stopped 
between tlme». Since It U necessary to break the oil up into 
drops or thin films In order to get a good emulsion, the phar^ 
macist had used a mortar whl<h appeared much too large, 
because he then spread the mixture over the whole surface 
of the water, thereby giving him a thin film and consequently 
a rapid emulsification. We now know the reasons for the 
pharnuiclst acting as be did, and we can also get the same 
results with much less effort. 

This experience threw some light on the preparation of 
mayonnaise. As everybody knows, the making of mayon- 
naise is a thing which the average housewife approaches with 
fear and trembling. Eveiything has to be Just so or else the 
mayonnaise will not come out auccessfully. Since mayonnaise 
is essentially an emulsion of oil In water with white of egg 
as the emulsifying agent, it ought to behave like any other 
emulsion. The experto in the Departments of Home Econom- 
ics have no diffloulties with mayonnaise. They can add the 
ingredients in any order; they can add them all at once or 
in separate portions; they can add them hot or cold; and 
I know one expert who could actually make a mayonnaise 
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iwing tile yuUt of a hard-boilwl egg instead of the white of egg. 
It was not a very pretty mayonnaise, because It was die- 
tlnctly granular and looked like the end of a needle when 
seen under the microscope; but there was no question about 
its being mayonnaise. On the other hand, these same experts 
are not able to tell their pupils how to make mayonnaise suc- 
cessfully every time. This means that there is something or 
other which they do unconsciously and which consequently 
they cannot tell to their pupils. The experiments with the in- 
termittent shaking seem to give a clue to this difficulty. The 
expert ia so sure of the result that she probably works leis- 
urely and without being hurried or flurried. On the other 
bond, the person who is not an expiTt and who is uncertain 
about the outcome, probably goes at the thing so vigorously 
as to defeat her own object in many cases. This has not been 
tested as yet ; but I have been told by one expert that she had 
found that If the materials were beaten well together and 
then allowed to stand for a moment or two, a couple of swishes 
would make the mayonnaise. Instead of the conclusion of 
the pharmacists that a left-handed man cannot make an emul- 
sion, it would probably be more correct to say that a nervous 
woman cannot make mayonnaise. 

The behavior of sodium and calcium salts in emulsion- 
making throws light on some problems in physiology which 
had bothered people a great deal. Jacques Loeb and his 
pupils had found that certain marine organisms died when 
put Into fredh water. This was not surprising, and the ex- 
planatl<Hi that was offered was that the water passed into 
the organituns, causing them to swell and burst, which was 
of course fatal. This osmotic pressure explanation, as It 
was called, came to grief because it was found that the or- 
ganisms died quite as rapidly if they were put in a sodium 
chloride or a calcium chloride solution having the same 
osmotic pressure as sea water. This could not be accounted 
for oa the basis of osmotic pressure. On the other band, the 
organisms which died in pure sodium chloride solutions or 
In pure calcium chloride solutions lived when they were 
placed In a solution having a definite ratio of sodium chloride 
to calcium chloride. The explanation has been given by 
Clorwes. If we consider protoplasm as consisting of lipoid 
materials, which we will call oil, and water, we fihall have 
an emulsion of oil In water In presence of sodium salts, and an 
emulsion of water In oil in presence of calcium salts. When 
the sodium and calcium salts are present In a defiinte ratio, 
there will be a balancing between these two types of emul- 
sions, and it may well be tltat this critical state Is the one 
which Is conducive to life and growth. As a matter of fact, 
Clowes found that the ratio of sodium and calcium salts neces- 
sary to produce a balancing between the two types of emulsienH 
when working with oil, water and soap, was practically the 
same as that found In sea water. This shows a very close 
i«nnectlon between the two sets of phmomena. Oaterliout, at 
Harvard, has shown that the spedfle electric conductivity of 
certain tissues is Increased by addition of sodium salts and 
decreased by the addition of calcium salts. If the hypothet- 
ical emulsion changed to one of oil In water, the conductivity 
should increase, and It should decrease If the emulsion changed 
to one of water in oil. Clowes has succeeded in duplicating 
Osterbout's results by impregnating filter paper with an emul- 
sion of oil, water and soap, to which be afterwards added 
sodium and calcium salts. 

URAINS. 

If we take spherical shot and place them in a box so that 
they are packed uniformly, mathematics riiows that so long 
an the shot are uniform, we get the same amount ct metal 
In the box regardless of the side of the shot. If we add shot of 
two different sloes, the fine shot goes Into the voids left by the 
coarse ones and we get more shot in the box. It we work 
with very fine powdery we get a different result, because the 
finest particles do not pass Into the voids left by the coarser 
powders, but coat the coarser powders. A well-known case of 


this Is mgar and blue^terries. O. O. Fink, whio waa IhhB 
with the HanlaMi W<»ka of tiie General Blecftrld Oempony, 
and who la now Director of Beaeardi for the Chile Bxplormtlon 
Company, took equal mixtures of metallic tungsten, whkii 
forms a black powder conducting electiiclty, and of tborla, 
which form a white powder which does not conduct eledtrldty. 
If the thorla powder was rdatlvdy fine and the tnngrten 
Itowder rdatlvely coarse, the thorla coated the tungsten and 
Fink obtained a white powdmr which did not conduct elec- 
tricity. If the tungsten woe relatlvdy fine and the thorla 
lM>wdcr rdattvely coarse, he obtained a Uadt powder which 
conducted electrldty. 

If one mixes a coarse white powder with a very line ted 
|)owder, the red powder will coat the white grains and the 
mass will look almost as red as though It were made of the 
red powder alone. If the red powder Is rdatlvdy coarse and 
the white powder relatively fine, the white powder will coat 
the red end will mask its color practically completdy. This 
has been known empirically to the palntmakers for a long 
lime, though they have not known the reaecm for tbdr prac- 
tice. They are In the habit of adding ground barytes, which 
is a white powder, as a filler for red paints. Ihey say that 
precipitated beirlum sulphate cannot be used. Since barytes 
is a natural, and consequently Impure, barhun sulphate, this 
statemmit seems to the chemist at first quite Inexplicable. 
The explanation Is a very simple one. The predpttated barium 
sulphate is very much finer than the ground barytes and con- 
sequently not so mudi can be added without interfering with 
the red color of the pigment. 

A flat surface may be conddered as a piece of a grain of In- 
ftnlte size. If we look at the reagent bottles In a chemical lab- 
oratory, w’e Shall find that some of those which emtaln solid 
imwders are dirty on the Inside. In all cases those will prove 
to be the ones containing the finest powders, which are able 
to stick to the glass surface. The same principle of a fine 
powder sticking to a coarse powder or to a surface Is Involved 
when we write with pendl on itaper or with chalk on a black 
iioard, the only difference being that the paper surface and the 
black board surface are fairly rough, so that they hdp to 
rub off pieces of the pencil or of the chalk. If the piece of 
chalk which breaks off Is too coarse, it will not stick to the 
l>lack board but falls to the ground 

The ceramic industry depends on the behavior of grains. If 
we take the clay and burn It, the grains dnter together and 
we get a porous plate, a brick, or earthenware, as the case 
may be. If we put in some fusible material, we get the various 
grades of china and of porcelain. In fact, porcelain may be 
<‘onsldered essentially as a silica glass made translucent by 
grains of the aluminum silicate known as sllUmanlte. If the 
whole mass fuses so that the grains disappear, we have a 
glass. The opaque enamels are glasses in which are sus- 
pended white grains of tin oxide, zirconia, or other suitable 
material. In the case of cement, the clinker Is ground to a 
iHtwder and It is the resulting grains which are used for 
ImUdlng purposes. 

Porous charcoal Is a granular material which came into 
prominence dnrlng ithe war, because of its use in gas-masks to 
Ht<v toxic gases. The use of other porous materials, such as 
pulverulent platinum and nickd, Is very Important both in 
times of peace end war, on account of their powM to accel- 
erate reactions. The manufacturer of stfi^turic add, am- 
monia, nitric add, end bard«[ied oils Ulustratsa the Impor- 
tance of snch grannlar materials, and the list could be ex- 
tended Indeflnttdy. 

Smoke consists of solid particles, usually caibMiaceoata sus- 
pended In the air; hut we also Include under the general 
heading of smoke the solid particles from the fUiiiM of 
smdters. The Cottrell electrical process enahlea ua to remove 
the solid and liquid partldea from these fumes^ and this 
has proved very effective In CalUOrata, where people Inslated 
on making cment in the midst of orange graves. The dust 
thus recovered at cement plants bids fair to be an tanportant 
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Aoorce of potaab* Wblle tbe Cottrell process takes the solid 
sod liquid particles out of the smelter fumes, it does not solve 
the problem C(»npletely so far as the farmers are concerned, 
because it will iK>t remove the gaseous sulphur dioxide which 
also damages the crops. At the Washoe smelter of the Ana- 
conda Company, the Cottrell xnM>cess involves the nse of 111 
miles of chains merely to make one set of electrodes, the 
other set being composed of huge plates. This means a possi- 
ble recovery of 85 tons of arsenic per day. 

The flames of burning fires, candles, lamps, and gas Jets 
owe their luminescence to the presence of Incandescent parti- 
cles of carbonaceous material. This can be shown by putting 
a chilled dish down Into the flame, in which case one gets a 
deposit of soot on the cooled surface. When we put different 
salts Into the gas flame of a bunsen burner, wo may get differ- 
ent colors, yellow with sodium, blue or green with copper, and 
red with lithium. Since the temperatures of these films are, 
or may be, all the same, the difference In the colors cannot be 
a question of temperature and must therefore be due to a 
chemical reaction. It seems probable therefore that with a 
copper salt, for instance, we have a salt breaking up at the 
high temperatures Into metallic copper, and tliat the color is 
due to the alternating formation and decomposition of a 
copper salt In ordfr to prove this, one must show that me- 
tallic copper Is really present in the fiaine. This can be done 
easily In a way quite similar to that used for showing the 
presence of soot In the ordinary fiame. If we lot cold water 
run through a porcelain tube and then place this porcelain 
tube in a flame colored green by a copper salt, wc shall get a 
beautiful deposit of metallic copper upon the porcelain. Simi- 
lar results can be obtained with salts of tlie other metals. In 
some cases, as with tungsten salts, no metal can be obtained 
when using the bunsen burner, because the temperature is 
not high enough. By putting tliese salts in tlie oxy hydrogen 
flame. It Is possible to obtain a deposit of metallic tungsten 
on the porcelain tube Of courae, this suggests a wonderful 
possibility in perpetual motion. All one has to do Is to bum 
coal and air to carbon dioxide, heat the carbon dioxide to a 
temperature at which it will break down to carbon and oxygen, 
collect the two and hum them over again. This could actually 
be done, but of course not econoraicnlly 

In the photographic plate we have grains of silver bromide 
dispersed in a gelatine film It is the gelatine adsorbed by the 
grains of silver bromide which determines the speed of 
the plate; It Is the silver adsorbed by the grains of silver 
bromide which gives rise to the latent image; end it is the 
redwing agent or developer adsorbed by the latent Imago 
which makes the picture. 

Reference has l>een made to the fact that a film may be 
considered as made up of coalesced grains or drops. These 
may also be very important in many cases. Aluminum should 
bo oxidized very readily and should, theoretically, be of no 
value for everyday use As a matter of fact, there Is formetl 
on the surface n film which proti*cts the aluminum from 
further chemical action. The same thing occurs with nickel 
If iron rust formed a coherent film which protected the metal, 
rust would not be a serious phenomenon with iron any more 
than it is with aluminum or nickel 

One of the lmx)ortant things in chemistry is to make use of 
the waste products. As has been stated, blue powder consists 
of 85 per cent zinc. By heating this in presence of Iron, 
some of the zinc sublimes over and condenses on the iron, 
giving a galvanized surface. The process is known as sherar- 
dlzing, from the man who invented it. It has become so im- 
portant that the supply of blue powder I» not sufficient for 
the needs, and It is necessary to make a zinc powder from 
good zinc In order to keep pace with the demand. 

When we put oil on a road, the oil forms films around the 
grains of the road material and binds them together. We do 
the game thing in making foundry cores, except that there 
we use an oil-water emulsion instead., of oil alone. If the 
liquid film Is of a suitable thickness, the mass beccones plastic. 


In making fondant, the two important things are to heat the 
mixture so as to change just enough of the sugar over into 
a non-crystallizOible form, and to stir so rapidly that the 
sugar which does crystallize comes down in very fine grains, 
coated with a syrupy film due to the invert sugar. That 
gives us a plastic mass having the desired properties. When 
pigments are mixed with linseed oil, we get a plastic mass, 
in which the linseed oil finally dries to a soUd material, 
which holds the pigment to the material painted and whlcfh 
forms a protecting film over the surface of the material. In 
the case of glue and other adhesives, we have a liquid film 
which gradually solidifies and whldi Ik used to hold the two 
surfaces together In the case of varnishes and lacquers, 
we have a liquid film applied to a surface end which dries 
finally to a solid film, which is both protective and decorative. 

These illustrations are probably sufficient to sliow the im- 
portance of bubbles, drops and grains, which are the subjects 
of study of cr^lloid chemistry. It is not too much to say that 
colloid chemistry is the chemistry of everyday life. 


GOVERNMENT MAPS. 

Bv Edward B. Matthkws, 

ProfesRor Mlnoralogy end Pfttroaropliy, Johns Hopkins Unttveraity, 
and Chairman. IXvUriozu of G<>ology and Oeogra'phy, 

National Boseareh Council 

The bringing together of men from all parts of the country 
at PlattMnirg, and later in the various <antonniieuts and 
officer training campis, awakened in them a new interest In 
geograpliy and In the study of maps, which had lain dormant 
or become atrophied since lioyhood days More than one 
officer-in-embryo, lost in the woods with a small detachment., 
found that he could work his way out by the map which he 
had in his equipment. At first he regarded the curved brown 
lines as a nuisance detracting from the clearness of the map, 
but soon he learned to prize them as a picture of the hills and 
valleys, and a prophi't of the roughness of his coming **hlke.*' 
To many this was the first introduction to the topographic 
map of the United States. Some few had learned of these 
maps In automobiling, but practically none of the boys, except 
a few collegians knew anything of how the maps are made or 
of the work which the Government is doing to produce and 
supply accurate topographic maps of Its vast domain. 

The topographic branch of the U. S. Geological Survey was 
organized about thirty years ago through the consolidation of 
previous organizations for surveying the territory west of the 
100th meridian — the Hooky Mountains, and the regions west- 
ward to the Pacific Coast. The initial aim was the prepara- 
tion of a geological map of the public lands to assist In the 
development of the natural resources of this vast and sparsely 
settled region. But the need of good maps for all the country 
immediately led to an extension of the service to include the 
whole nation. The present aim of the gwloglcal survey is 
to cover the United States with a general utility map, supple- 
menting this with special purpose surveys on larger scales 
when such are necessary. In spite of thirty years of actlvlity 
only 43 per cent of the area of tlie United States has yet been 
coveretl by standard topographic maps and a fifth of these 
now neetl revision. It Is estimated that it will require nearly 
fifty million dollars and fifteen to twenty years to complete 
the map, though the work can be done in twelve years If 
Congress makes the necessary appropriations. 

Besides the Geological Survey, there are thirteen other 
Federal map-making organizations with more or less complete 
technical staffs and separate appropriations, as follows: 

1. The U, S, Coa$t and Oeodette Survey prepares coast 
charts and larger-scale harbor charts which give the depths 
of the water, and the shorelines and topography as far Inland 
as can l)e st^n from the water It also supplies the geomet- 
rical network and basic vertical control on wihtCh the local 
maps of the Geological Survey are constructed, 

2. The Hydrographic Office of the Navy Department makes 
original surveys and publishes maps, but Its work Is entirely 
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outside the continental limits of the United States. When it 
needs shore topography as an aid to oavlgatioa, the maps are 
based on pre-existing work or on original surveys. 

3. The Carpi of Engineen, U. S. A, prepares detailed topo- 
graphic maps with mllllary Information in the vicinity of strat- 
egic points where military operations are probable. It also 
prepares the special maps necessary for practically all Federal 
improvement projects such as river control, canals, etc. Many 
of these maps contain confidential military information. 

4. The Jlfijaiffsippi Rwer Commiiiion preipares maps of 
special types dealing with the hydrography of the river and 
the topography along the shorca This Commission publishes 
Its own maps and issues pamphlets giving Information as to 
its tx^nchmarks, clianges in the bed of the river, and other 
features of value to river pilots. 

5. The V. S, Lake publishes navigation charts of 

the Great Lakes, the New York State Canals and the Lake of 
the Woods. 

6. /n^cnta^ional Boundary Communion. This Commission 
IS chargcHl with the survey and marking of the International 
boundary between Canada and the United States from the 
AtvtLc Ocean to Cape Muzou and from the Atlantic to the 
Uadfle, excepting through the Great Lakes, the St. Lawrence 
and coniuH^ting waterb According to the treaties the lines 
must be described in reliable maps, and it has therefore 
been neci^sary lo make a topographic survey of a strip a 
mile or so In width all along these lengthy lines. The pub- 
llshed maps will conform as far as t>ossll)le with those made 
by the Geological Survey. 

7. The P'orcii Service uses the stuiidurd topographic map 
when possible, but It makes survi^ys and maps for its own 
purpose AS occasion requires These ooiiforin in general to the 
standard topographic map when based on original surveys, but 
often maps are compiled from such meagre Information as may 
l>e available. The scale of Its maps are Just a trifle different 
from the standard topographic map. 

8. The Bureau of iSoiU uses existing maps whenever possible, 
but to meet the demands of farmers' organizations and Con- 
gressionnl rc<iuests In all the states of the Union it is often 
forced to use any mai> available, such as Lund Office maps 
or ItK'Hl county atlas sheets. Very frequently It makes traverse 
maps of jts own. The scales of the maps and their accuracy, 
therefore, vary widely at times from the standard topographic 
limps The unit of publication Is usually some minor political 
subdivision, so that ttio sheets vary in size or scale 

9 The Reclamation Set vuic makes a wide variety of maps 
to w\er its netHls in the coiistrneUon of irrigation and drain- 
age works and In the classification of the lands fur irrigation 
purpose's These maps vary from prcllmlrmry reconnaissance 
surveys to rettm^l surveys for reservoir sites, and therefore 
differ widely In scale and accuracj’ 

to. 77ic General Land Office Is primarily iiiterested in subdi- 
visions showing public and <*lvll land lioundarles, especially 
in the Public Lands and Indian Iteservatlons The charac- 
ter and bi*ales of the maps vary widely Some are based on 
actual surveys while others are merely compilations from 
county or commercial maps. 

11. 77te Bureau of Induin Affaui uses whatever suitable 
maps arc available, and where these do not exist makes maps 
imsed on Its own surveys. These differ widely In scale and 
character. 

12 The Bureau of Public Roadi Is a map-using ratlier than 
a map-making agency, but in carrying out the program of the 
Fetiernl Aid for roads project it will oodperate with other 
^ agencli^s in the preparation of State road maps. Moreover, 
(luring the surveys of roads constructed under its Bupervlslon 
mucii Information in tlie way of traverses and levels will be 
gathered which will be of great value to engineers Interested 
in public works, 

13. The Topographic Branch of the Poitoffice DeparimenL 
Altllough this organization does not maintain surveying par- 
lies, it sends numerous inspectors over the country and com- 


piles and publishes Post Bouts maps» Rural D^tvery County 
maps, and maps of local craters. 

Such a multiplicity of government agrades doing mudi the 
same sort of work in surveying and publishing maps leads 
inevitably to excessive costs and confusion both to the Federal 
and non-Foderal users of maps. Every Industry, art or sdence, 
governmental or otherwise, w>hlich requires a knowledge of 
the lay of the land is dependent on suitable maps, and de* 
tailed work requires speafle information regarding facts de- 
termined during the making of such maps. An immense 
wealth of such information has been collected by the several 
map-making agendas, but experiences during the war have 
emphasized the fact that few otflcials and fewer civilians 
know where to turn to get the specifle information desired at 
the moment To overoome the lost efficiency, due to overlap- 
ping among the Federal agencies, and to reduce the confusion 
as to where information already secured might be obtained, 
the President, by Executive Order of August 27, 1919, con- 
vened an Interdepartmental Conference of all the Federal 
Map-muklng Organizations. This conference, after several 
scissions, filed a report Including the following recommenda- 
tions * 

1. That a permanent Board of Surveys and Maps, composed 
of one men>ber from each of the Govern tnent organizations 
represented In the confcreniv, be appointed to act as an ad- 
visory body on all questions relating to surveys and maps 

2. That a central information office be established In one of 
the Government map-iraaking agencies, preferably in the U. S. 
Ge()loglcal Survey, for the purpose of collecting, classifying 
and furnisliing information concerning all maps and survey 
data available in the several Government organizations and 
fnnn other sources. 

It was further proposed that the new Board should confer 
with those intert*sted In the making and using of maps and 
th(*reby establish closer cooperation between the work of these 
outside agencies and that of the Government, In order to 
make such cooperation effective, representatives of the 
Engineering Council, American Society of Civil Engineers, 
American Institute of Mining and Metallurgical Engineers, 
American Society of Mechanical Engineers, American Institute 
of Elt»ctricul Engineers, American Association of State Geolo- 
gists, American Association of State Highway Officials, The 
National Ri'search Council, the Association of American Geog- 
nipheis, The American Ueograjihlcal Society, and the Gfto- 
logliul Society of America met at the rooms of the National 
llesearch Council and organized under the chairmanship of 
Professor Edward B Mathews, Chairman of the Division of 
(Geology and G*x>graphy of the National Ib^search Council, 

After several subsequent conferences and correspondence 
with map publishers, edwational institutions and map-users, 
this comraitb'e has prt^red a report with recommendations 
which will be presented to the permanent Board of Surveys 
and Maps which was established by Executive Order on De- 
cemb<‘r 30, 1919, “to cwrdlnnte the activities of tlie various 
map-making agencies of the Executive Departments of the 
Government, to standardize results, and to avoid unnecessary 
duplication of work “ 

In pursuance of this Executive Order the Board has met, 
organized, and established Its methods of procedure It pur- 
poses to establish at an early date a map information office 
In the Interior Department Building, Washington, D. C., which 
will collect and catalogue, as rapidly as possible, information 
concerning mai>R, surveys and surv'ey data, not only of the 
Federal Government, but of other Governmental and private 
agencies. The members of the new Board desire that this in- 
formation ofiice shall be of service not only to the Federal 
Departments and Bureaus, but to the general public. The 
Board would welcome suggestions concerning the means 
w'hereby this office can be of most public value and hopes that 
the fullest use will be made of its facilities. Such suggestions 
may l>e sent direct or transmitted through the committee 
represratlng outside ageactes miratlooed above. 
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RADIO HiOSEARCH AND CO-OPERATION WITH 
UNIVERSITIES. 

T he radio laboratory of the Bureau of Standards Is 
codperatlug with various university laboratories in re- 
search work. The service which the Bureau of Stan- 
tlards laboratory can render to the universities Includes the 
furnishing of research suggestions, tedinbeal data and pub- 
lloattous, advice on particular technical problems, and In the 
standardization otf instruments and apparatus for the univer- 
sity laboratories. A number of the universities have been sup- 
plied with information and suggestions of assistance in the 
proseciition of sclent lilc resea rcb work upon such subjects as 
radlotelephony, methods oif radio measurement study of 
electron tubes, and the development of circuits for particular 
purposes in the production and detection of radio currents, 
information on raidlo laboratory equipment has likewise been 
supplied. Another way In which cooperation Is furthered is 
oy assistance in Uie publication of technical results by read- 
ing and criticizing {Hipers ami 'books prepareil by rc^earcli 
workers. 

Radio instruction m a number of the universities has 
oeen facilitated by the use of two of the publications preii>are<l 
oy the Bureau’s laboratory, “The Principles Underlying Radio 
Communication^ and “Radio inatruments and Measurements “ 
The flrst is an elementary non-mathematical introduction to 
eledrteity and radio, and the second is u fairly advanced text 
on radio measurements and theory 
One of the investigations now m progress at the Bureau’s 
laboratory is adapted to direct cooperation in the experimental 
work betw’een the Bureau and the universities This is the 
iiiudy of radio waves and their behavior Measurements of 
laidio wave intensity and direction carried <in over a long i>e- 
rlod of tlane will make it i>os«lble to learn niucli almiu the 
way In which waves function and will make iMwslble rapid 
advaIC4*« in the control and utilianlion of the In ludio 

I'oinmunication for commercial purposes It Is found that the 
waves exhibit groat variations with time, wi^tlier conditions, 
and type of ground travelled over From this work It will 
be possible to calculate tlie strength of the signal which will 
lie obtained at a distant station when the current usml a/t the 
.sending station and the distance and other factt>i*s are known 
With this end in view, signals are being sent out from the 
Bureau’s lalwratory and careful mea^sureinents made upon 
these signals at a distant unlveslty laboratory University 
workei's who deedre to <*ooi>erate in this ^^sear^b will be as- 
sisted by the Bureau, and arrangements will be made to 
standardize fht* aparatus which they use for measunvment 
The following radio Inboratorj reports m conneclloii with 
radio research are available 

Suggestions for Radio Rest^arch, 

Fees for testing Radio Apparatus; 

List of Manufacturers of Radio Apparatus, 

List of Manufticturers of Electron Tubes 

A list of desirable research problems on radio waves is 
given In Bureau of Standards Scientific Paper No. 354, “Prin- 
ciples of Radio Transmission and Reception vfrlth Anttmna and 
Coll Aerials.” A suggested list of laboratory experiments for 
radio training sources la given on pages 342-349 of the publl- 
csatlon mentioned above, “The Principles Underlying Radio 
Oonmunleatlon.” 

BADXO SUBmrr CLASSmOATION. 

One of the important duties of modetn scientific research 
organizations Is that of keeping in touch* yvith the literature 


of the subjects studied. In Its work as a clearing-house of in- 
formation m radio science and engineering, the Bureau of Stan- 
dards radio Iaborator.> has felt the need for a systematic 
scheme of cluHsification of subJt'ctH Such a classification is 
needed for references Ut radio publlmtlous, books, drawings, 
reports, miscellau(H>us data, Hud liifurmution. A tentative 
sclieme of classification has hts^n pn^pared, grouping subjects 
of radio inten^st under the following principal headlngis; Radio 
Wave Phenomena, Antennas. Election Tubejj; Radio Measure- 
ments, Properties ot Materials^, Radio Tluwy; Radio Re- 
search, Kadto Instruction, Mlsivlltineous Radio Apparatus 
and Methods, Radiocommunication and Applications, Radio 
Miseellanetnis , Electrical Subjects Related to Radio, and Mis- 
cellaneous 

It IS desired to make this list as completi*. coiuprehen.slve, 
and usable as xKiasible, and with this end In vi4>w, tlie Bureau 
of Standards will be glad -to send a copy of tlie complete 
classification to any Iversons iinterestod, with the object of 
securing suggestions as to Its possible improvement 

FHYSU Al. CONSTANTS OK INTAKES T lO THE KE> UtOl< RA TlNO 
INDUSTBIES. 

Of the nu(neix>us investigations on pliysical constants of 
materials which are being conducted at the Bureau of Stan* 
dards, a nuraiber that are of particular interest to the refrig- 
erating industries have nsHmtly been <x>mpleted and prepanMl 
for publication The physical properties of ammonia are of 
greater Interest to the refrlg*^rutlng Indiustries than those ot 
any other imarterlal since ammonia is the un'dium used In b> 
tar the largest number of plants 
Two recent papers deal with the va^^or pn»ssure of saturated 
ammonia and with the densities of tlie liquid and of th<* 
satoittleil var>or In coniiecllon with the determination of the 
vapor pressures, usv^ wTis made of a pressure gage of unique 
construction, which proves to be very aLVurate A paper deal- 
ing wltJi the siHsdfic heats of sodium chloride solutions which 
are used in jnaklng of artificial ice has also hmi compleb^d 
These papers will be published In the course of the next few 
nvonths In Uie Journal of the Aioenc'an Society of Rcfr%geraU 
%ng Engineers, which has Its headquarters ni 154 Nassau 
Strei't, New York City. A more detailed aernmnt will be pub- 
lished later by the Bureau 

NEW 4 IirMTCVL rriiLlCATIONS 

Several publications have i-ecently boen Issuwl by the Ohem- 
iHtry Division of the Bureau, and *<011 le artleb^ by members of 
the Biueau's slalT have apiieurtMl in scientific Journals which 
are of interest to all tlmse engaged In chemical w’ork 
A list of thes**, w'ith short aiislracts, giving the salient facts 
contalutsl in each pamphlet, is as follows 

(1) A New Hexabroinide I'e&t for Llnstssl Oil, by L. L 
Steele and F M Washburn Uubllshed In the Journal of In- 
dustrial and Engtnvi^mg Vhetnisfry, .Tanuar.v, 1020 
“Various published methods for the determination of the 
hexabromide yield of linseed oils have been investigated, espe- 
cially the Elbner method An explanation is given of the ob- 
served fact that Ibis inethod does not yield concordant results 
Experimental-work leading to the development of a new heza- 
bromlde method Is given, the main features of wnicb are the 
adKlition of bromine to the fatty adds of linseed oil in a 
solvent in which the resulting hexabromlde is soluble, the ad- 
dition of a reagent to remove excess bromine, the removal of 
the solvent by evaporation, and the Isolation of the hexabto- 
mlde free from contaminating bromides by thorough washing 
with alisolute ether saturated with hexabromlde. A table of 


372 


SCIENTIFIC AMERICAN MONTHLY 


results obtained so far Indicate that the hexabromlde yield 
of pure raw linseed oil te a more conatant value than the 
iofline number. Results are also given on mixtures of linseed 
and other oils, sudi as soya bean oil, which indicate that it 
may be possible to estimate quantitatively eduUeration of lln- 
si'otl <»11 wdth other oils wlUi*h give a low hexabromlde yield,” 

(2) Specihcatlon for Basic Carbonate White Xiead, Bureau 
of Stamlards Circular No 84 

(3) Constant Tempernture Still ITeud for Light Oil Frac- 
tionation, by F. M Washburn. Published as Technologic 
PaptT No 140. and in tlic Journal of InduHtrial and Engineer- 
ing Chemistry, January. 1920 

“The imper gives a brief review of tlie three types of 
methods gimerally In use for tlie fractionation of light oil and 
describes an apparatus which Is an Improvement on the 
dephlegmator of the Wilson and Roberts still. The use of a 
constant-temperalure still hi<4Ul, consisting of a spiral of iron 
pipe immersed In an oll4t)atli, electrically heated, and regu- 
lated by means of a thermostat, makes it possible tx> condense 
out practically all of the constituents having a blgner hotliug 
Xx>int than the fraction desirtHl. The vapors pass nrst through 
a Hemi>el column and then through the still head The 
conetruetion, manipulation, and accuracy of the apparatus are 
given in detail, together wdth its value and applicability to 
the benxol Industry.” 

(4) Detection and Determination of Ulue in Rubber Goods, 
by S W. Epstein and W. E. I^nge Published In Rubber Age 
and t<) appt»ar as a technologic paper. 

”Thc authors Investigated the various procedures which 
suggested themselves for tlie detection and determination of 
glue in vulcanized rubber. It was found that the only quan- 
tltoftlve procedure to detiTinine the glue content was tlie 
Kjeldahl nitrogen determination. This was found to be sat- 
isfactory with certain variations which are given in the paper 

”The authors discovered Uiat eresol dissolved glue even 
more readily than water, and that the resulting solution prt'- 
clpitatod 70 per cent of its glue content on the addtion of 
petroleum ether. Since ruliber remains in eresol solution 
when petroleum ether is added, there la hero a means of sepa- 
rating glue from rubber. These bc^iavlors are made use of by 
the authors in their qualitative method. Details by •which 
this separation is carried out are presented by the authors 
In their reromimended ' procedure for the detection of 
glue In rubber. Results are given showing that as little as 
0.0 per cent of glue can be detected. From the results of many 
exporlments, the author^s point out tliat the procedure is 
reliable in every case, and that no substances will interfere 
with the test," 


Apbii., 1020 

In conclusion the authors make the following statements: 

“1. A method Is preswted which will detect m little as 0.9 
per cent of glue in a rubber ^‘mixing.” It has been found by 
experiment, that no subetance^ ether than glue will answer 
to this test when carried out as directed. The procedure is 
reliable and convenient 

“2 When glue is present in a rubber sample its quantity 
IB arrived at by determining the nitrogen content by means 
of tlie KJeldahl procedure and calculating this to glue. We 
have been able to find no other satlsfactoy quantative method 
w'hleh would give the correct percentage of glue." 

EFFECT or STBIAE IN OPTICAt. INSTRUMENTS ON BRSOnUTlON, 

As a result of some of the work performed by the Bureau 
of Standards on optical instruments, it was found that a 
certain amount of striae might be permitted la the lens sye- 
tems of such instniiments without having any bad effect on the 
operation of tflic complete apparatus. Work is now nearing 
completion on the design of a proper resolution chart which 
Is preliminary to the investigation of the effect of striae in 
an optical system on Its resolution. A report on this prelim- 
inary work la being prepared which presents curves lowing 
the relation beitween the resolution of a telescope and the In- 
tensity of the illumination of the test chart. Other curves 
plot the relation of the resolution to the degree of contrast 
between the background of the chart fund the lines ruled there- 
on. Those curves were obtained by using different types of charts, 
such as one ruled with a 1 mnu line having sharp edges, an- 
other with two or more narrower lines, etc. The results so 
far obtained indicate that considerable assistance may soon 
be extended to the manufacturer with whom rests the deci- 
sion as to liow much striae he may pennlt in the prisms and 
lenses of his optical systems. 

CAMERA FOB MEASUBINQ THE INTERIOR OF BIFIJG BARRELS. 

In connection with the determination of the amount of 
erosion within gun barrels after certain amounts of firing, the 
Bureau has been called upon to construct a camera which will 
make a panoramic view of the inside of the barrel. Work 
on this Gsanera is progressing rapidly. The lenses have been 
designed and the work on other iiarts is nearly completed. 
If the camera proves to be a success, It will be possible to 
study the interior condition of a small gun barrel at any 
period of Its life without the necessity of sawing through the 
barrel lengthwise, whlcli was the only means known before 
this camera was suggested. The investigation of the Interior 
of the gun can then be carried on without destroying the barrel 


A MINING GLOSSARY, 

The mining industry has long felt the need for a compre- 
hensive, thorough and complete glossary of the terms used 
in its various branches. This requirement has been met 
recently by Albert H Fay, Mining Engineer, U. S. Bureau of 
Minos, author of BulMin 95, "A Glossary of the Mining and 
Mineral Industry” which contains about 20,000 tern» and 
nearly 30,000 definitions covering all phases of coal and metal 
mining, quarrying, metallurgical plants, coke-ovens, oil and 
gas wells, geology and mineralogy. 

The words are arranged alphabetically In true dictionary 
style, there being no Industrial grouping. Only one glance 
is necessary, therefore, to find any desired term The type 
and style of composition are such as to rHider it easy to find 
the word, and read the definition. 

A cursory glance through the 764 pages reveals years of re- 
search, and painstaking study in preparing, assembling and 
eofirdinatlng the definitions from many and varied sources, and 
inserting proper cross references. The scope of the work in- 
cludes all English-speaking countries, as well as much that is 
Latin-Amerlcan. Usually the name of the State, province^ or 
oouqtry Is given showing where the more provincial terms 
originated or where they are extensively used. , 


In most cavses the name of the author quoted is given in 
parenthesis at the end of the definition, thus making it possi- 
ble to trace the term back to the publication In which it pre- 
viously was defined. The use of the author's name has possi- 
bly resulted in some variation of syntax, as In general, too 
much alteration would not be permissible, and still quote the 
definition. About 150 authors are quoted ns indicated by the 
list of publications citod, 100 of which publications contained 
glossaries relating to some phase of the mining Industry 

The glossary contains mtany words that are more or less 
obsolete and this feature may be considered an advantage 
rather than a detriment, as the older literature contains many 
terms that are not now enrr^t The scientist engaged in 
research work is always glad to know where the older terms 
are properly defined. 

Some of the terms that have figured in mining litigation, 
as for example, "abandonment and forfeiture,” "apex,” 
"fissure,” "lode,” "vein,” and acores of others, have been given 
special attention, a number of similar but slightly different 
Interpretations being given and many court cases dted where- 
in the decisions were rendered. These court citations in addi- 
tlon to definitions from other sources add much to the value 
of the publication from a legal standpoint. 


Progress in the Field of Applied Chemistry 

Notes Culled from Current Technical Literature 


PHOTOGRAPHIC RESEARCH. 

The British Photgraphic Research Association has pub* 
llshed some of the results of Its work; one contribution being 
upon **The Fundamental Law for the True Piiotographlc Ren- 
dering of Contrast/' and another deals with '^Contrast and 
Bixposure in X-ray Photographs Through Metals." In this 
last article, the x>olnt Is made that in photographing through a 
centimeter or more of metal the photographic effect Is almost 
entirely due to the hardest rays, and the contrast obtained 
depends only on the quality of these rays and not on the abso- 
lute thickness of the metaL Also the softer these hardest rays 
are* the greater is the oontrast. This may at first sight appear 
to be opposed to experience, but the explanation is as follows: 

Suppose we photographed a piece of iron 1 cm thick con- 
taining a bubble of half a millimeter diameter, we can easily 
obtain a good contrast on the photograph. Now if you want 
to photograph a bubble of the same diameter in a piece of 
iron 6 centimeters thick, we can do so and obtain tlie same 
amount of contrast If we use the same voltage on the X-ray 
tube but increase the exposure many thousand times In 
practicing with a piece of iron 6 centimeters tliick we use a 
harder radiation to get a reasonably short exposure, and con- 
sequently the contrast obtained Is very much less 

These observations have a bearing upon work now in pro- 
gress here on the use of X-rays as a means for detecting 
defects in metals, leading to a process which can be employed 
in inspection without destruction of the sample. 

The Association has also published a short discussion on 
“The Properties of an Dmtulslon to give the best result in a 
procf^s plate" As much as possible of the silver bromide 
should be in grains of the same size, and the presence of a 
small number of groins larger than the majority would have 
a worse effect than the presence of the same number of 
smaller grains, because the larger grains give rise to more 
silver on development. The absolute size of the grain does 
not seem to matter \ery mucJi as long as they are all of the 
same size. 


BIBLIOGRAPHIES 

Both the starting point and the goal ot lesearch Is Informa- 
tion, and before any problem can be proi^erly undertaken the 
research worker must determine from the literature that 
which has been done in similar fields or thosje clos*‘ly related 
to it. Bibliographies, therefore, become a most important 
source of information They are something wliich are time 
consuming for preparation, always represent a large amount 
of effort, and are expensive to duplicate. The use for any 
particular bibliography, however, is ordinarily limited to the 
few people working In that special corner, and consequently 
the publication of exhanstlvo bibliographies Is seldom under- 
taken on a commercial basis. They are expensive to publish 
and very rarely have a circulation which Justifies a pub- 
lisher in undertaking their reproduction. 

An interesting example of this is a certain work in zodlogy 
and other special fields In Ifiology which has been published In 
Europe for some years. It is of Immense assistance to re- 
search workers, and yet It operates with an annual deficit. 

Some of our libraries issue carefully prepared bibliogra- 
phies and notable among these are the libraries of the engin- 
eering societies and the Carnegie Library at Pittsburgh. The 
obvious importance of bibliographies and the Infrequency with 
whldh they ara publWbed leads us to comment upon three 
which have recently appeared- Two of tliese “Chemical War- 
fare" and "Industrial Research" first appeared in Special 


L%brari€$t while the third, “The Production of Aldohol from 
Sulphite Waste Liquors," appeared in Paper. These have 
since been reprinted by Arthur D Little, Inc., whose Infor- 
mation department was responsible for the compilation. The 
ones upon Industrial Research and Chemical Warfare may 
be recommended to those Interested in supplementary reading. 
A cousidertible variety of subjects is covered under the head 
of Industrial Research 


SCIENCE IN THE LEATHER INDUSTRY. 

In tile February number ot the Journal of the American 
Leather Vheniistis* Aseociatton theiv occurs the following ab- 
stract from an article in Le Cu^r entitled “Science Applied to 
the Leather Industry" . 

“During the uur the overwhelming demand for leather 
forced the qm^tlon of quality to be subordinated to that of 
increased prcMltiction. Such a (K)llcy continued in peace times 
would sixdl disaster to the Industry. A new struggle for com- 
mercial supremacy has begun that will require the production 
of leather of high quality at a low price Regret is expressed 
tiiat the commissariat did not know enough to profit by its 
unique opportunity to prepare for the after- war period, al- 
though this is to be expected where chemists and specialists 
are not represented. But It is the future, not the past, that 
matters now and the secret of solving present problems lies 
In the application of science to the Industry 

“Methods of preserving bides should be investigated by 
means of our knowledge of aiitiseplics, bacteriology and the 
prlnclpU^ of putrefaction. Both physics and chemistry can be 
brought into play in determining the bebt methods of soaking 
to prevent loss of hide substance, and to deal most effectively 
with very hard and dry hides. Microbiology and dhemlcal 
studies should be made of the liming process and of the 
actions ot sodium and arsenic sulphides, both alone and mixed 
witli lime Much credit is due to Wood for his noteworthy 
bacteriological studies of batHDg, and to Proctor and Meunler 
for I heir woiks on the theory of tanning. A vast field for 
scientific Investigation Is offered in Hie matter of tanning 
materials whioh are now derived from all three kingdoms of 
nature. 

“Altliough the al)Ove survey is brief. It Indicates how much 
the development of the Industry is dependent upon the appli- 
cation of science and the author hopes It may Inspire tanners 
to wish to know more about such matters " 


TEXTILE LEGISLATION 

CoNSioEHAm rc editorial comment has been iirought forth by 
the Barclay Bill (H. R 2856 L which has recently been brou^t 
befon' Congress Briefly slated, the Dill provides that no arti- 
cle ol comxncne may be marked In any way »«> as to give 
fraudulent, misleading, or inaccurate information as to weight, 
measure, numerical count, materials from which it is made, 
place where It is made, mode of manufacture, whose manu- 
facture the product Is, or information that its quality is 
superior to that which it really Is, or information which is 
false, misleading, or deceptive in any other particular. 

The bin Intends to enable wholesaler and retailer to depend 
upon the guarantees of the producer, upon wliom the responsi- 
bility for conforming to the law may he placed. 

On numerous occasions effort has been made to give the 
ultimate consumer the same assurance that he is receiving that 
which he thinks he Is buying In other articles beflde foodSp 
and certainly there is nothing to be said against the Idea that 
the consumer should be properly protected against fraud of 
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any kind. Howe>*er desirable 8 ik4i legislation may be, the diffi- 
culties to be overcome in enforcing the law are sure to be 
great and to involve rather extensive machinery. Due to the 
ideas which have been implanted In the minds of moat of us 
with rcapeet to the superiority of one type of material, say 
wool for example, it would be also passible for some particu- 
lar section to prodt largely. The writer believes in making 
It possible for the purchaser to know whac he Is buying, but 
he also believes In having the purchaser realize that nearly 
all fibers have their Important place in our economic struc- 
ture and that a piece of material may be better because of 
the admixture of the cotton with the wool. This doc!« not 
relieve the manufacturer, wholesaler, or retailer from the 
obligation to sell such fabric for exactly what It is 

In some of our cities there are ordinances designed to deal 
with unfair competition and iiilsrepresentatlon in advertising 
In one of these cities the law has been enforced on occasion 
and the chemical laboratory has been successful In establish- 
ing the facts relative to the misrepresentation of merchandise, 
in this Instance, silk In Grormuny there have been a number 
of laws on this subject, the lost of which Is quite broad The 
German bill goes so far as to give In detail advertising prac- 
tices which an* forbidden Thus bankruptcy sales are ver> 
carefully covered and the merchandiser may not describe his 
wile as “On account of alterations,** “direct from factory,” 
“selling at factory price/* “damaged by water/* or “fire sale,** 
unlesa the description fits the facts Imagine some of our 
merchants b<4ug forbidden to use “hand-made/* “selling at 
factory prices/* ‘'dirtvt from manufacturer to consumer/* and 
similar c*ateh phrases unless such were the facts! 

Great Britain also has an Act whAch covers much tlie same 
ground as does the Barclay Bill The better class of merchants 
would no doubt welcome such li*gslatlon if it can be enforced 
In a way not to put a premium upon dishonesty Some of our 
merchants have alnmdy established their own chemical lab- 
oratorii*s, used as a protesdion l>oth for themselves and for 
their customers, and the day Is pretU sure to come when they 
will reap the benefit of their foresight 


FKOTECriTON AGAINST CARBON MONOXIDE 
(Ubbov monoxide is the poisonous constituent of illuminat- 
ing gas and is n^ponslble for the deaths of persons who 
prefer to commit suicide by tlie gas route This same gas 
alw) causes trouble when burners up(ui gas stoves are not 
projierlj a<ljust<\l, or whore the distance between the burner 
and the vessel to l>e heati*d Is iu»t sucli us to allow proper 
(oinbustlon Carbon monoxide ih also to be found In the ex- 
luiust vais>rs or fumes from uilernal combustion engines and 
is H<fH>uiitHl>Ie for ftlie ikviitii of se\eml people who en- 
deav(»re(i to w’ork lii a cIosihI place wdth a running motor. 
Another s^mree of danger from carbon monoxtide is to be 
found in burulng biilliUugs wdiicli a fireman must enter. In 
coal miiM's and elsc'where, whore explosives are used in con- 
fined places, carbon monoxide la a serious menace, and even 
in th<* iriHol Industries fatalatles have occurred where Illu- 
minating gas 4s used for brazing, etc. 

In addition to thes(* \anous sources of danger In peace occu- 
lialions there are so many military ctmslderatlons that special 
work lias been done to proihle defense against It. At one 
lime the statement was made that the nation which first 
learned lu>w to use carlion monoxide in warfare would be 
sure to win, and w hllo the gas could not be made available for 
warfare It does occur in eonsidenible quanrt-ty where there 
is much gun-fire. Machine gun-fire, particularly in closed 
places, liberates large quantities. It is stated that in one of 
the naval engagements, defective high explosive sliells evolved 
large quantities of carbon monoxide after penetrating Into 
enclosisl portions of ships causing the deatJh of many men. 

A new (onq>ound, which is called ohpcallte, was developed 
to remote carlion monoxide from the air. As first made It 
consJste<i of a mixture of 50 per cent manganese dioxide, 80 
per cent copper oxide, 15 per cent cobalt dioxide and 5 per 


cent of sdlver oxide. Some modifioatiMS have since been 
made. The mixture gradually decreases in Potency due to 
the absorption of moisture. This can be checked by weighing 
the container from time to time. 


FIXED NITROGEN. 

pROFESBOB AijrBED H, WHITE of the University of Michigan is 
the author of an article on “The demand and supply of fixed 
inorganic nitrogen of the United States,'* appearing In Okem- 
tcal and Metallurgical Engmeering for February 25th« An 
analysis of statistics is given and it Is shown that In 1918, 
out of 620,000 long tons of Chilean nitrate Imported 87.2 per 
(*ent was used for explOBives, 45.5 per cent found its way Into 
fertilizers, and 60.8 per cent served as raw material for the 
manufacture of chemicals In addition 65,775 eAiort tons of 
ammonium sulphate were Imported, 16,000 tons of cyanamide 
w'ore produced, and the domestic production of ammonia from 
<*oke ovens and gas wotku calculated as ammonium sulphate, 
WHS equivalent to 195,000 short tons. 

By going back to 1900, and plotting the curves for demand, 
sfuirces and supplies it will be seen that an ever Increasing 
nimoimt of fixed nitrogen must be provided for agricultural 
and our chemical industries, Including explosives. The 
question then becomes whether we can afford to allow the 
Government-owned plants for the fixation of atmospheric ni- 
trogen to remain idle. 

Ppofeseor White estimates that, based upon the capacity 
of the Government plants and the calculated demand, we must 
ini}x>rt 60 4 per cent of our Inorganic nitrogen if the Govern- 
ment plants remain Idle In 1920, but only 421 per cent if they 
Hie openited This becomes 66 per cent and 50 6 per cent, re- 
sl)ecti^el>, for 1925, and 71 6 per cent and 60 7 per cent In 1930, 

The two principal raethods for the fixation of atmospheric 
nitrogen are by the synthetic, or Haber ]>roecss, and cyanamide. 
XiHthcr of these proce4sfies baa so far proven a commercial 
success, and yet they represent the best that has been done. 
The Government plants exemplify these two principal pro- 
cesses. It is believed that the cyanamide plant in particular 
can be operated to produce fertilizer at a cost which will pay 
running expimses In any event the United States cannot 
afford to be behind the procession in the study of nitrogen 
fixation It is urged that steps be taken to bring the Govern- 
ment plants into production in order to diminish our depen- 
dtmee on Importetl material. The rapid increase In the In- 
stallation of by-product coke o\ons Is an important factor, 
but <*\eii If all the coke prmluced m the country was made in 
In-pioduct o\ens the ammon4um sulphate nvo\ered would 
fall far short of nu*cqliig the demand for fixed nitrogen. Our 
war 4»\perlence with nilrogen should teach a sufficient lesson 
to eru'ouragc further work on this subiect 


HAIR DYE 

E C Gray is the author of a discussion on “The Dyeing of 
Human Hair.’* appearing In the Color Trade Journal of Feb- 
ruary It seems that In the Western Hemisphere powdering 
the hair was the established custom for many years, originat- 
ing ill Rome, where gold dust was reported to have been used 
at one time. As late as 1800 the fashionable young men in 
I^ondori made a practice of iK>wdeplng their hair blue, and 
an author of 1770 referring to the use of flour or meal for 
the purpose wrote, "Their hoarded grain contractors spare, 
and Mar\e the poor to beautify the hair’* 

Any discussion of actual methods for hair dyeing Is not to 
be found In the ancient records, probably because this was a 
trade secret of the beauty iiarlors. There has been a tre- 
mendous amount of fraud in connection with hair dyeing, 
as witli all cosmetics and toilet articles. At times positively 
harmful materials have been employed, such as compounds 
of h*ad ; lime, which acts destructively on the horny substance 
of the hair; and methyl or wood alcoh<^, which is poisonous 
and rather easily absorbed. The most effective hair dyes are 
those which form a precipitate practically coating or plating 
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th« bait. 01 couiSBd if an Insuffid^nt Quantity remaina upon 
tho hair weird elTocta are seen, such as purple or metallic blue 
black gloss. Silver' nitrate Is sometimes employed and by 
drying In direct sunlight the black oxide of silver is produced. 
Potaslum permanganate oxidizes to a brown colort the in ten* 
slty depmding upon the strength of the solution ; and one 
homely formula consists In applying a water solution of the 
outer husks of the black walnut, which the small boy learned 
years ago will produce a decidedly black coloration of the 
hands. 

In the East where eyebrows and eyelashes are often dyed 
India Ink In gum Arabic and rose water Is used. The coloring 
matter consists of finely divided carbon and so the dye is 
perfectly harmless. Another oriental formula depends upon 
changing the tannin bodies In nut galls Into gallic and pyro- 
gallic acids. 

Three thousand years ago the Egyptians usetl henna and 
many other color-producing herbs for tinting their hair, eje- 
brows, and skin. In Persia, henna and Indigo were used to 
produce a deep black color. Today the modem iitt'thod, the 
henna pack, consists of applying the dye in the form of a 
paste which remains In contact with the hair from ten to thirty 
minutes. When it is consldend that both the color and the 
texture of the hair are factors In this treatment, as well as 
the temperature of the air, It will be understood why halr- 
dyeing Is really something of an art. If peroxide bleaching 
is used first, an exi)ert hair dyer can produce almost any 
shade, partly by the skillful use of henna. 

To be sure, Uie oil must be removed from the hair before 
any treatment, and further applications of dyeing material 
must be made according to the rapidity of the growth of new 
hair 

All things considered, it is e\i(ient tliat hair Is far better left 
in its natural color 


PLATE ROLLING MILL 

C L Huston Is ihe author of an interesting article in 
Mtmng ami Metallurgy for .Tanuarj, d««s<nbing the world’s 
largest plate rolling mill 

Within the menM^ry of Mr Huston, the size of iron plates 
has advanced from a width of lid Inches, or even less, to 186% 
InclM»8 in width The old liO-inch plates were built up into 
boilers for tlie Mississippi RImt steamboats, while now the 
heads for great marine boilers can be made from a single 
piece The article is illustrated by photographs of unusual 
apparatus and products Including a large flanged head 183 
incluss outside diameter, 1% inches tliick. and containing three 
4D%-lnch inside diameter flm* holes In addition to unusual 
mechnnicul equipment tor which American mills are noted, 
accomplishments of this sort require a deal of science to make 
them possible There are questions of Innit control, of raw 
materials In the rolls and other parts of the unusual apparatus, 
and the composition of the Ingots upon wdiich the work Is done 

When one cHinslders the excellence of tiie mechanical appli- 
ances that have made the rolling of these great plates possi- 
ble. it Is but natural to hope the day may soon come when 
the sclenliflc work applied lo the* steel industry may be said 
to hate reached the same degree of perfection 


TRADING WASTK.S. 

In discussing the chemical progress of Germany, reference 
la often made to the formation of certain combinations 
which have made it possible fc»r one plant to work upon the 
waste products of another, by which arrangement both plants 
were placed in a more advantageous position. Due to our 
anti-trust laws, It has been necessary for our corporations to 
be very careful concerning their relations and it is only occa- 
sionally that we find a chemical manufacturer so placed that 
he can invest In a second establishment so planned as to 
exchange its wastes for those of the older establishment. 

One company which now manufacturers sodium carbonate 
proposes to engage in the fixation of atmospheric nltroged and 
to use in Its soda plant the surplus carbon dioxide of the nitro* 


gen plant, the soda plant at the same time supplying to the 
nitrogen plant calcium chloride, which is a residue from the 
manufacture of soda. 

The excess carbon dioxide is obtained as a by-product from 
the production and purifloation of hydrogen. These are pro- 
duced in large quantities in the synthetic ammonia process. 
About 11 tons of carbon dioxide is ootalned for every ton of 
pure hydrogen. 

Carbon dioxide is much needed in the manufacture of soda 
and tills is usually obtained from lime kilns, where limestone 
is burned with coal. By passing the carbon dioxide through 
heavy salt solutions the carbon unites with the sodium and 
forms bicarbonate. 

A by-product of this process is calcium chloride, which thus 
far has been pretty much of a drug on the market Under 
the new arrangement this sludge of caldum chloride will not 
he produce!!, but instead plants engaged In nitrogen and am- 
monia operations will get ammonia in a form suitable for 
direct application to the soil as a fertilizer, Iudee<l, ammo- 
nium chloride is considered as valuable as ammonium sul- 
phate for this use. 

The arrangement described should do mucli to reduce pro- 
dudlon costs, for there will be many tons of sulphuric acid 
saved, as well as great quantities of lime and coke or coal. 


DRYING COAL PRIOR TO COKING 
When Uio pn>blem of producing coke with a low ash eon tent 
from a high ash coal was solved, the problem of economically 
drying tlie (H)al rtMnaine<l It w^as comparatively simple to 
apply the principle of tlie ore concentration table and recover 
cleaned cool from the tailing dlschurge The coal washed in 
this manner comes from the corive 5 'ors with about 10 tier cent 
of moisture and even a drying of three days* duration does 
jM)t reduce this moisture more than 6 per c‘ent Sometimes the 
net result is a reduction of moisture to 8 per cent. 

It an inti'resting fad that wntcT has been observed to flow 
out of the base of a bee-liive or by-product oven Into which 
washed coal has been charged, and in the lower layers of 
such a charge a water content as high as 50 per cent has betm 
obscivc^ The water present has a highly destructive action 
on the walls of the retort and results in even greater losses 
in gas, oil, tar, and anumoniu Longer cotvklng hours are 
necessary, one-third of the tar and oil is destroyed, and it Is 
estimated that 20 per cent of the ammonia la also lost 
It is seen, therefore, that drying the coal is hlglily important 
and experlnuaiti* are now under way with a <*entrifugal 
driver capable of tn^ating 7.^> Ions of coal ikh' hour This 
apparatus reduces the moisture to from 0 to 8 per (rent, which 
Is hardly enough of a reduction to excite enthusiasm It is 
ftuggc^ttxl that if the coal could l>e heated a iHntcr sexiaratlon 
could be obtained The question now semns to be whether it 
would be better to charge' dr>, warm roal into tlu' coke retorts, 
and if b,v pre-heating tlie coal previous to charging it may 
be xjossiblc' to make coke in 12 liours 


SODIUM VS POTASSIUM. 

TiiTs controversy grows out of the original avullablllty of 
Uit tui> alkalis, potassium salts at one time having been more 
easily obtainable than sodium, caustic and carbonate. Later 
Germany w’as given a natural monopoly of potassium sails 
through the discovery of the Strassbourg deposits, and still 
later ciunpanitlvely cheap electrolytic methods were devised 
for producing sodium ti>droxlde. soda ash likewise luK-oming 
plentiful. 

The result has bwn that many of our textbooks continue 
to specify potaslum as the only alkali with which many reac- 
tions can be carried on efficiently, and their method-s require 
Its use In much of the laboratory work. It was jears before 
It was found that sodium cyanide was Just as satisfactory for 
metallurgical operations as r>^>tasslum cyanide, and of late 
much work has been done to show that most of the reaction 
essential to qualitative and quantitative analysis where alkalis 
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raust be uaed can be carried out with equal satisfaction by em- 
ploying sodium. 

An instance worthy of emphasis Is tihat of synthetic pheaol» 
where according to the textbooks, In which statements of pre- 
vious authorities are often taken at their face value without 
experiments to check thdr accuracy, potassium hydroxide 
must be used if satisfactory yields are to be obtained. This 
statement has been widely copied throu£^hout the literature 
and is probably based on Insufildent and faulty experimenta- 
tion or carefully planned potash propaganda In this country 
we were compelled to produce phenol during the war without 
potash and one of the oompankMit assigned the problem to their 
research laboratory with the result that ways were found of 
obtaining Just as good yields in fusing sodium benzene sul- 
phonate with sodium caustic to produce phenol as could be 
obtained with potassium hydroxide. In large scale production 
ninety per cent of the theoretical yield was obtained, which Is 
believed to be as high as yields attributed to potash. By 
very careful control yields of ninety-four per cent of that theo- 
retically possible were obtained in experimental fusions, and 
two Investigators found that by excluding air they could 
actually obtain ninety-nine per cent of the theoretical yield 
when using sodium bensene sulplionate and sodium hydrate 
This process yields sodium sulphite as a by-product, which 
salt is employed in the purification of tri-nltro-toluol. 


OROANIO RESEARCH. 

Tbk medical profession Is greatly interested in anything 
that will increase the amount of fundamental organic research 
In the United States, and this requires improvement In the fa- 
cilities for the manufacture of dyestuffs and other organic 
chemicals. We have really Just begun to get results in that 
Interesting field where chemistry and medicine meet and there 
is every reason to believe that further experimentation will 
lead to the discovery and utilization of new substances that 
will be of the greatest efficiency in the treatment of diseases. 
Chemotherapy needs an almost unlimited number of chemical 
compounds. For example, 605 organic compounds were tried 
out before Salvaroao, *‘006,” was found. This compound can 
no doubt be improved upon, but it requires the development of 
new compounds for tlie purpose. Veronal, a drug much used 
to produce sleep, procaine (nevocalne), which is the monohy- 
drochloride of paraamldobenzoyldiothylaroidoethanol ; are the 
results of organic research Luminal is said to be better than 
verotml, but It is not yet obtainable in this country. Quinine 
may be made synthetically while chloramine T and similar 
new compounds have become of groat value In treating Infected 
wounds. In practically all Instances where American chemists 
have undertaken the preparation of these complex compounds 
they have produced highly satlsfac^tory material at lower cost 
than had been paid before the war Indeed it had become the 
custom abroad to make a few spe<»laltles pay for all of the 
other (impounds produced as by-products m tlie synthesis and 
therefore to carry the burden for the whole series of com- 
pounds, hmvlng the others to yield the net profits. We surely 
cannot afford to bo without every facility for research work of 
this character. 


CHINESE DYES. 

So MUCH has been written and said concerning synthetic 
dyes that many have forgotten the fact that a largo number 
of Important colors are still derived from the vegetable king- 
dom. The following statements with reference to the native 
dye Industry in China are taken from the Color Trade Joumul^ 
Vol. VI, No, 2, February, 1920. 

Just before the outbrt^ak of the war Herman synthetic indigo 
was hniported Into China to the extent of 10.000,000 taels a year, 
In addition to a large quantity of German aniline dyes These 
had replaced in great measure the pative vegetable dyes In 
which China was so rich; in fact,, Indigo was no longer re- 
garded as one of China’s agricultural products. The native 
dye industry, however, by force of circumstances, has been re- 
vived, and dyes are now appearing in the list of exports. 


Of flmt importatbod U Indigo. It U grown quite genecally 
throughout China for local puriKMes, but ossuimea greater Im- 
portance in trade in the south. It appears that one acre of 
ground 'Will prodfuoe about 6,000 pounds of indigo. AcoonUag 
to tests made by the United States Bureau of Foreign and Do- 
mestic Commerce, the Chinese indigo contains only about 1 
I3er cent of pure Indigo. Thus an acre will produce, with a 
good crop, about 60 pounds of pure indigo. The plants are cot 
l)efore flowering, steeped in cold water for some days, and well 
stirred. After the plants are r^noved the water Is again 
stirred, and slaked lime added to precipitate the dye. In 1017 
China exported 78,148 i^iculs (picul equals 133 1/3 pounds) 
of liquid indigo, valued at %700fl00. In 1018 the figures were 
83,642 piculs, valued at $900, (K>D. Klukiong and Swatow are 
the principal ports of export. 

Yellow is produced from the flower buds of the locust tree 
(Septra japonioa), which are baked to a light brown color, 
placed in cold water, and brought to the boll. Alum is used 
as a mordant. The powdered roots of Curcuma langa^ or 
tumeric, are also used for a yellow dye, especially for cotton 
fabrics. 

Red is produced from safflower, grown In Szechwan. Balsam 
{Impatiena baUamina), Anchuae UnotoriOf and LatoaotUa alba 
are also used, the latter to produce the rouge used by wom^. 
The ifuhio cordifoUa, a creeper, Is used to make a deep red. 

Green dyes for cott<m doth are produced from the bark of 
the Rhammia parvifoHua^ found in Szechwan. Green dye is 
also made from the leaves of the Rhamnua tinotoriua and other 
species of the buckthorn* 

Brown dye Is produced from the false gambder, grown ex- 
tensively in southwestern China. The darker browns are pro- 
duced by Uie addition of gall-nuts and alum. A brown cloth 
that Is very popular in the summer with the Chinese Is a dyed 
grasshcloth with a brlglit lustre and a waterproof appearance. 
Its distinctive qualities are the result of the dyes made from 
the false gambler. 

The vegetable dyes of China are particularly well suited to 
Chinese rugs. These dyes will outlast the rugs. Exclusive of 
Indigo, China exported nearly 2,000 tons of dyestuffs during 
1917. 


ASBESTOS PAPER. 

In Chemical and Metallurgical Engineering, issue of Febru- 
ary 4, 1920, is an abstract on the history of asbestos paper 
based on Investigations at the Bureau of Mines It seems that 
asbestos was used by the ancients for winding sheets, table 
cloths, and similar fabrics. It was a woven and not a felted 
product, and therefore, is not to be confused with asbestos 
paper. One of the earliest references to a«rt>estos paper was 
published in 1750, and it w^ould seem that the primary object 
at that time was to obtain nn indt'structlble writing paper, 
although the report states that while the paper did not burn, 
the writing disappeared One hundred years later further 
efforts were made with the same object. In 1863 a patent was 
issued for a process for making asbestos paper and many 
experiments have been made to produce suitable asbestos 
printing paper. Asbestos paper, however, Is not well adapted 
for printing and writing because it does not have a smooth 
surface and In absorbing ink, behaves more like blotting 
paper. Therefore some of the papers have contained but small 
quantities of asbestos, the remaining fibres being combustible, 
but upon burning a white residue, which maintained Its shape 
a0id preserved the written cftiaracters, would be found. 

Asbestos paper ‘has also been used for ornamental wall paper 
and carpet linings and during the last twenty-five years new 
uses have dominated its production At present soxae plants 
manufacture as much paper in a single day as was produced 
annually twenty-five years ago. In addition to paper, mill 
boards of various thicknesses have also been pi^uced and 
the chief uses of these products are ipsulation, roofing, build 
lug, paper lining for stoves, air cell pipe covering, high pres 
sure gaskets, and packing. 



Progress in the Field of Electricity 

Summaries and Excerpts from Current Periodicals 


ELBOTKIC HEATING AND COOKING. 

Ths scarcity and high cost of fuel are giving a great impe- 
tus to the movement of the electrical industry for the com- 
plete ^'electrification’' of the home and the factory. Of timely 
Interest Is, therefore, the report made by Dr. K. Norden to 
the Society of German Electrical Engineers, which report was 
read at their annual meeting on September 27, 1019 (Electro- 
iechninehe Zdtsohriftt October 16, 1910, Vol. 40, page 518-20) 
Dr* Norden discusses the status of the electric heating of 
the home and of the industrial plant, of electric cooking 
and of electric heating in various industrial processes, his 
conclusions being based on conditions In Germany 

The heating of the home by electricity on a general scale 
does not seem to be possible of realization in the nearest 
future. It would necessitate first a low rate for power; for 
Instance, In order to compete even with the present high 
prices of fuel In Berlin, the electric power would have to be 
sold at 4 5 pf. pf»r kwh. Again since electricity la first 
applied in those fields where its present cost is justifiable, 
namely, for lighting and motor energ 5 % it la evident that only 
that amount of energy which la left over In the central sta- 
tion would bo available for home heating. Grunting that 
both — a low rate for iK>wer and a great reserxe of energy 
are available — there still remains the question of the addi- 
tional distribution circuits and line apparatus 

On the other hand, the heating of Industrial plants by elec- 
tricity can be Introduced In the nearest future, for the rela- 
tive amount of energy required Is much less and, furthermore, 
almost each and <*very plant is either connected to a high 
pressure feeding line or has a power-plant of its own How- 
ever, In order to be successful, the Introduction of electricity 
us a source of heat have to bo based on the principle of 
heat accumulation or storage, which principle would allow 
the use of the elet'trjc current for heating purposes during tho 
non-rush period or idle hours — like the lunch hour, etc In this 
connection it must be stated that tho electrical engineer must 
devote himself to the serious study of the principles and tech- 
nique of the science of heating and ventilation If he Is to In- 
troduce successfully eli*ctrlcity ns a source of heat. Special 
courses should be given in the electrical engineering colleges 
while the older generation should avail itself of extension 
courses on this subject. The theory of heating presents also 
a very Interesting subject for further Industrial research 

The modern factory may be heated electrically direct by 
separate stoves scattered throughout the plant, or by central 
heating stations providing hot air, steam or hot water heat, 
which stations would use electric energy as a source of heat. 
If the direct method of heating is used the conventional stove 
having for its heating unit a resistance wire wound on a 
porcelain base will have to be discarded : Us life is short and 
its surface temperature too high; therefore it Is unhygienic 
and may cause fires. The heating element should be more 
accessible to the air, and the temperature at Us surfaces 
should not exceed 100*. Again the electric stoves will have to 
be built on the prindplo of heat storage ; the heat absorbing 
element may bo either a liquid or certain minerals or use may 
be made for this purpose of the heat of melting or of the 
heat of chemical dissociation. 

The central' electric heating station is quite feasible, and 
reliable equipment has been oflPered by the German manufac- 
turers. The boilers of such installations are to be built In 
such a manner as to allow of their operation either In the 
usual manner or on the principle of heat storage. For the 


present it is hardly advisable to discard entirely the coal 
burning equipment ; the latter should be used entirely daring 
the very cold period, should be supplemented by electric heat- 
ing during the moderate weather, while only electric heating 
should be used for intermittent operation or during cold 
spells of slmrt duration. 

While Mr. Dettmar discussed the possibilities of electric 
cooking as far back as 1911 it has made but little progress 
in Germany. This must be met by a strong publicity campaign 
accompanied by opening of free schools for electric cooking; 
the technic of the electric kitchen has been improving, but 
much has to be accomplished as yet The greatest obstacle, 
the high rate of consumption of energy, must be eliminated by 
the design of an electric heat box or a stove built on the 
principle of heat storage. 

As to the electric heating of apparatus used as machines 
or tools in various industrial processes, Its advantages have 
been known and quite well understood The methods of 
control are accurate and reliable; only the needed amount of 
heat carefully measured is introduced and all utilized; the 
installation is less complicated, cheaper and takes less space 
than in the case of steam or gas; especially Is this true for 
machinery in motion. 

The Immeillate need Is a thorough standardization of all 
apparatus used in connection with electric heating and cook- 
ing. In many cases numerous types of tho same appliance 
exist which could be reduced to several most convenient sizes. 
The same holds true of \ariouB machinery electrically heated. 
In order to succeed the oloctrical engineer must seek the co- 
operation of the doHlgnors <>/ such machinery 


ELECTRIC FURNACE DEVEI-OPMENT DURING 1919 
During the war a great Impetus was given the electric 
furnace for steel manufueturc After the armistice had been 
signed there seemed to bo some question as to whether the 
use of the fdectrlc furnace would be extended as rapidly as 
indicated during the p<*rlod t>f war. However the electric 
furnace has been easily holding its own, many customers 
frecjiiontly specifying electric steel for more Important work. 

At tho evpjratu)n of the year just passed approximately 850 
electric furnntvs for the production of steel wwe in use 
throughout the world, about 575 of w’hich were located In the 
United States and Canada Some 20 different concerns man- 
ufacturing or selling Mirlous makes of ele<tilc furnaces are at 
present in the American markets, this is an increase of per- 
haps 5 over the year previous During the your approxi- 
mately 45 electric steel-making furnact's were either placed In 
operation or contracted for in the United States and Canada 
The tendency has continued during tho past 12 months to 
further increase the manufacture and sale of polyphase fur- 
naces of arc type The u<»o of single phase or Induction fur- 
naces, especially in larger sizes, has been practically abandoned 
by steel makers Opiwsltlon to the latter two types Is due 
their unfavorable operating efficiencies and to the unsatis- 
factory load conditions which they produce on power circuits. 
A number of minor changes have been recently made In the 
raochanicul and electrical designs of electric furnaces. Less 
complicated mechanisms for tilting and better facilities for 
changing roofs, relining, charging, slagging, pouring and 
speeding up the furnaces have been adopted. Furnace elec- 
trodes are said to be of better quality than those formerly 
available, but little improvement has been noted In tho re- 
fractories used for furnace linings. 
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I'he demand has been mostly for furnaces of capacities not 
greater than 10 tons; it seems that the small sizes are able 
to show marked economies, furthermore, many purchasers 
prefer to make their Initial Investment in smaller sizes so as to 
try them out before tearing away their fuel burning furnaces. 
In comparison with the crucible furnace, the converter and 
the small open hearth furnace many users concede the cost 
advantage to be in favor of the electric furnace. Some roan- 
ufttcturers of tool and spedal high-speed steels contend, how- 
ever, that the product of the crucible cannot be 
equalled by the electric furnace. Whereas this contention 
may possibly be open to question, the fact that many other 
crucible plants are now using electric furnaces goes to show 
that this opposition is gradually disappearing. 

Considerable discussion has taken place during the year 
regarding more extended, new and heretofore unthought of 
uses of the electric furnace. The application of the duplex- 
ing process whereby steel is preheated in the converter or 
open hearth furnace and later refined and superheated 
In the electric furnace, has been further developed. In 
fact several new installations of tlds sort have been made dur- 
ing the >ear A number of experiments have been made in 
the use of the electric furnace in gray iron and malleable 
foundries Where especially sound and fine cast or malleable 
Irons have been needed for pouring light or thin section cast- 
ings, this application of the electric furnace has exceeded 
expectations. It la well known that by ordinary means of 
production considefable phosphorus Is required for making 
gray Iron or malleable castings, In order to secure the proper 
degree of fluidity. As any desired superheat may he obtained 
In the ele<*trlc furnace, Iron much lower in phosphorus con- 
tent may he used, ami greater strength and toughness in the 
castings may be attained 

Much desirable datum la vet to be gained and colb*<*ted on 
physirtjl teats of electric steels Some valuable Information 
of this sort has betm collected by the Electric Eurnnee Asso- 
ciation The association was formed during the past year 
Its memliership is open to makers of electric furnaces and 
their auxiliary equipment, as well us to those directly Inter- 
ested In the products of the electric furnace, — From Blast 
Furmtre and fiteel Plant, January, 1020. 


AUTOMATIC SUB-STATIONS 

The rapid progress which is l)elng made In the adoption of 
automatic sub-stations Is Indicated In a recent report of the 
CommItUv on Power Generation presented at the convention 
of the American Electric Railway Rnglnecrlug Association at 
Atlantic City, N. J,, and abstraotwj In Power While the 
principle is not new, and installations were known where 
the rotarj transformers were placed In unattended sub-stu 
tlons, and with the butteries c<mt rolled from the generating 
station, yet it must l)e ndmltled that these wore only serai- 
uutoraatlc The presemt-day Instullullons, on the other hand, 
are entirely automatic, going on load when the demand calls 
for it, and switching themselves out when the load fulls off 

The first automatic sub-station (xmtrol was put into oper- 
ation as rc(vntly as Christmas. 1014 In 1917 the first instal- 
lation involving the operation of two synchronous converters 
in scries ^\us made, and In 1018 two synchronous converters 
were first automatically operated In parallel. Four and one- 
half years after the first experiment was made there were 
35 full-automatic and two semi-automatic, or remote controlled 
sulHBtations in actual openitiwi and in addition 31 automatic 
and four scmil-autonuitic ixiulpments stood on order with 
manufacturers. Rotary converters as largo as 1,000 k.w are 
bundled iiutomutically, whih' a 2,000 k.w. motor-generator Is 
about to be put into ser\ice, and a 3,000 k.w. synchronous 
condenser is running. It Is clear that the system has proved 
successful 

The first antomatically-coutrolkNl water w'heel generating 
station, which contains Ihree 500-k.w. generators arranged 


to operate In parallel either under the influence of fuU-anto- 
matic control at the generating plant or controlled if desired 
by an operator In the main steam-generating station at a 
distant point, was put In operation In 1918. The success of 
this installation makes possible the development of a consld* 
erable number of small water powers that otherwise could n<^ 
be developed because of the cost of operating labor. By using 
asynchronous generators the difflcolties of speed regulation 
and Hynohronizing can be overcome, and the control reduced 
to its simplest terms. 

Several (^mpanies have chosen automatic equipment in 
consideration of saving In labor The largest figures received 
gave an estimated saving of $400 per annum on a 800 kw. 
station and $700 on a 500 kw. station. One company in- 
stalled a 250 k.w. automatic station to replace a floating 
battery between two sub-stations ten miles apart, in prefer- 
ence to spending $5,000 for necessary repairs to the battery. 
When some of the automatic sub-stations were built in new 
locations, however, It was in several cases possible to remove 
feeder copper which possessed a value sufficient to offset in 
part the cost of construction of the sub-station building with 
its equipment. In an exceptional case the cost of construction 
of a two-unit sub-station containing two 300 k.w. synchronous 
converters was more than offset by the value of the feeder 
Cf>pper that was removed from the distribution system, and a 
more satisfactory line voltage was maintained on the line as 
a whole. The most notable saving of copper was made in 
r>es Moines where, through an Installation of a system of 
automatic sub-stations, an amount of feeder copper was taken 
down which was worth $00,200, and at the same time a sub- 
station and distribution system were obtained which cost 
according to estimate $141,700 less than an equivalent system 
to give the same voltage regulation would have cost, had 
additional manually operated synchronous converters been 
placed In the <*entrnl powvr statliO) and additional feeder 
copper put up on the outside lines The example is somewhat 
unusual but is given here to Illustrate the possibilities that are 
offered in not a small number of cases 

It was brought out in the dlsimsslon on this report that at 
the present time the economic limit in automatic sub-station 
capacity Is al>out 6,000 kw ; above this limit it is more 
(MXiiioinlcal to Install manually operated e^iulpment 


USE OF ALTERNATING CURRENT FOR TELEGRAPHY. 

The shortage of butteries and their high cost in Europe in- 
duced French and Swiss engineers to experiment with alternat- 
ing cut rent as dellverfHl by the ordinary industrial circuits, 
as a jMisslblc source* for the telegraph apimratus. The ex- 
perimental section of the French postoffice has conducted elab- 
orate tests at its Brest station. This installation has given 
Much satisfactory service that it is proposed to apply alternat- 
ing current in the main telegraph centers 

A complete and Illustrated description of the above installa- 
tion is given in Annales dea Pontes, T^l^ffraphes et Telephones, 
Vol. 8, September, 1919, p 446-401, a good summary of which 
also appears in the 7'echmral Bfvicw of London. 

The alternating supply is taken from thre(»-phase mains 
through a bank of transformers On the secondary side the 
current is rectified by a mercury vapor rectifier with three 
cathodes, A buffer battery is connected between the neutral 
point of the secondary windings of the transformer and the 
cathode of the rectifier Between the battery and the rectifier 
lies an automatic switch, wlilch disconnects the rectifier leads 
If the current changes Its direction owing to a drop of voltage 
a(*ro8s the rectifier terminals, and reconnects the rectifier to 
the battery when the voltage rises again. During the period 
of disconnection the Morse, Hughes and Baudot telegraphic 
apparatus Is supplied by the buffer battery alone. A red lamp 
signals this state of affairs, and if the attendant ascertains 
that it will last for a prolonged period he prepares a reserve 
battery of cells for use. This nwrve batter>’ la always avalla- 
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ble for U9e but the cells are kept dry until an emergency 

arises. 

In order t^at the arc of the mercury vapor rectifier may not 
become extinguished when the call for direct current falls 
below the minimum value that will maintain the arc, a perma- 
nent shunt taking from 1.5 to 2 amperes Is connected between 
the cathode and the neutral point of the transformers Nor- 
mally the battery voltage Is slightly lower than the rectifier 
voltage, so that the battery does not discharge, but is slowly 
charged. 

If a motor generator set were used to replace the local bat- 
teries of the Baudot sets, it could be driven by a direct- 
current motor connected to the buffer battery This would 
simplify the above-mentioned arrangement by rendering the 
permanent shunt unnecessary, and this would render current 
reversal Impossible and i>ermlt the automatic switch to be 
dispensed with. 


ELECTRIC LOCOMOTIVES FOR INDUSTRIAL 
PURPOSES. 

The electric locomotive has attained a well established 
place in our everyday commercial and industrial life. The 
rapid and efficient transportation of material In all lines of 
industry is becoming more imiMirtant every year 

There are three general forms or tyiies of locomoti\es, viz * 
straight trolley, straight storage battery and the combination 
of both storage battery and the trolley Bach type has special 
merit and points of advantage according to the conditions 
under which It is required to operate. 

The trolley type is the original and thoroughly proved type 
and la more common one in use for all pnr|>os(*H, particu- 
larly In mining service, but owing to the disadvantage of 
having trolley wire or collector rails around Industrial plants. 
It has never been adopted to the extent that would be €*x- 
ii<‘0ted in view of the demand for electric locotnoti\cs f<ir 
such service Wlierever the conditions permit using the type 
with safety, and part u ularly where the haul is long and 
loads hea^>. it is the logical one to use In many cases spe<*lnl 
forms of collector rails and otlier devices can be used which 
largely remove the danger to workmen, but wliere safety con- 
siderations are pa in mount and where fire risk is an iraiior- 
tant factor the storage bat ter v type Is better adaptesi The 
motor capacity is mucdi greater than for storage battery 
t,\i>es, at operating sliced the draw-bar pull is bused on 
an adhesion factor of 20 jK^r cent of loeoinotive weight with 
eb tiled cast iron wheels on clean dry mil. With steeMIred 
wlieels this is liicreast»d to 25 per cent For starting, an ud- 
Iit'slon fat (oi of 33 J/3 per cent witli llie use of sand on the 
rail IS p<smiss|])le 1'he motor equipment in all cases pro- 
diues tiactlve effort sutiicient to slip the driving wheels, thus 
providing protection against Injurious overloads For all con- 
ditions except heavy liigiesiieed freight seiviee tlie two-motor 
wiuipment with single i eduction gearing Is used, liaving a 
speed of U to 8 miles iier hour under full load 

A modlllcataon of the trolley l>i>e designed to handle freight 
cars at tlie ore docks is called the “pusher'' type The car 
tracks run directly under the ore shutes, and the locomotive 
track is pluct^d betw^ecMi the regular tracks The push poles 
operated by air extend out on each side and can bo raisc'd to a 
vertical position when not In use. To move cars the pole is 
dropped between the end hills of two coupled cars of a train, 
pushing cars or retarding same as desired, It is equipi^ed 
with steel cable and hook attaclied to front end for pulling 
cars out of reach of push iiole. One of the chief advantages 
of this method of handling cars is the fact that the locomotive 
cun control curs on two tracks at ono time, siwtting cars on 
one track, while the cars are being loaded on the other. 
In addition to this the motorman is in position to sec when 
cars must be moved, or to receive signals direct from the 
main operating ore dump 

The main characteristic of the storage battery locomotive 


Is the storage battery itself. Fortunately, it Is today pro- 
duced In a form which withstands the most severe mechanical 
strains caused by the rough operating conditions usually en- 
countered, and from an electrical standpoint operates efll- 
ciently both In regard to cost of power and maintenance. The 
design of the motor and of the auxiliary electrical equipment 
have been brought to an equally efficient jilane This has 
resulted in the production of hlgh-si»eed motors driving 
through double reduction gearing, designed for running on 
the minimum voltage considered practical, and having a low 
current rating which makes It possible for the dully cycle of 
operation In many cases to be performed with one charge 
of a battery such as can be applied to a locomotive of reason- 
able dimensions In addition to this methods of control are 
used which enable the motors to he acceleratinJ with a mini- 
mum amount of current wasted through the resistance The 
mechanical design has kept pace with the electrical equipment 
now available, resulting In light w'elght but thoroughly re- 
liable locoinot Iv es 

The next imjiortant considtTution is the selection of the 
storage battery, with sjH»cIal refertaice to the <*ycle of operation 
required for the period of the average working day as well as 
the weight of llu‘ loads to lie 1i null'd Owing to the fact that 
the battery has u limited amount of energy, the work it will 
perform depends In large measure upi^n tlie rate at which It Is 
called upon to deliver this energy The speed of storage 
battery loi‘otnotives is necessuiily slow and the character 
of work jierfornUHi Is not sueli as to require high speed. 

It is quitt* difilcuU to stundauli/e storage Imttery locomo- 
tives The three sizes given below have been found to satisfy 
most of tlie Industrial or mining risnilreinents 

Nominal Wgbt Nominal Nominal - -Motors- - 

of Chassis, lbs Dravvlair Speisi, m b p Voltage Total h p 


0 000 

Pull, ibs 
1,000 

3 5 

30 

11 

8.000 

2,000 

3.5 

80 

2.3 

10,000 

3,000 

3 5 

80 

32 


Storage battery locomotives of larger t.vpe iiave been built 
lint vMtIiout any al tempt at standardizing to the same extent 
The tendencu's are towards large batteries and increased motor 
capacity, and towards a slower speed motor suitable for 
operating with an efficient single i eduction gearing 

The combination trolley and storage type can be used only 
vvheie conditions warrant The added flexibility to be gained 
by the storage battery is important in covering a large area 
wdth a minimum expenditure for overhead construction as 
well as offering a solulWm for combined Indoor work where 
trolley wire would i>e prohibited with outdoor work where 
loads and length of haul might be beyond the capacity of a 
reasonable sized battery, without frequent recharging or chang- 
ing of batteries The battery is charged while locomotive la 
operating on the trolley thus saving time 

The chief disndviinlage Is the difficulty of applying a bat- 
tery of necessary cnpacity wit lion t exceeding the permissible 
weight for the motor tsiulpment, however, where the period 
for battery operation is short compared with that for trolley 
operation the batteiy cnpiicity fan safely be much smaller 
than would be ihe case for straight battery operation. 

Comparing the electric locomotive with his nearest and 
commonest (xmiix'titor — tlu' steam lo<x>motive — it is found that 
the former is more desiralde While the initial cost of the 
two types is about the same the maintonance and operating 
costs are greatly lowere<l and of u definite value In the case 
of the electric locomotive It res in ires a minimum of repairs, 
the fuel is used very economically and the fireman is eliml- 
nalisl It is figured by many industrial plants that the elec- 
tric locomotive pays for Itself in from three to four years — 
Walter Fixtor and Kenneth Andrew’ Ass<»ctatlon of Iron and 
Steel Electrical Engineers, November, 1919, pp. 9-34 Journal 
of the EnqmjcerH* Vlub of Philadelphia, January, 1920. 
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BIJIST ENGINE WITH REACTION JET PROPULSION. 

At the recent Paris aeronautical show there was exhibited a 
trial machine embodying the M^lot principle of propulsion. 
It is stated that the Inventor experimented during the war i\t 
the Laboratoire du Conservatoire des Arts et Mdtlers in co- 
operation with the French Ministry in Munitions. 

The machine consists of a burner with fireproof lining 
Into this an explosive mixture is injected and ignited in the 
first instance by a spark plug, after which combustion con- 
tinues uninterruptedly. The burned gases are exhausted 
through a blast pipe and four blast ^'engines,'* which are 
really graduated nozzles, one large and three small. 

At the inlet mouth of each of these nozzles air is drawn 
in by suction, and the whole mixture of air nnd burned gases is 

thr^ctfon of Travel 
Atr 
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exhausted by the last and largest blast engine and makes a 
direct thrust against the air at the rear of the engine (Fig. 1 ). 

The machine is said to give 80 h.p, for a relative speed of 
60 ra. (1(M ft.) per sec. The weight per horse-power is said 
to be 0.5 kg. (1.1 lb.), and It Is obvious that if the machine U 
capable of functioning for any length of time, Its cost ought 
to be quite low because of the absence of valves, pistons and 
other parts of the conventional engine — Aeronautics, Vol. 18, 
No. 831 (New Series), Feb. 19 1920, p. 167, 2 figs. 


DOES PICKLING AFFECT THE QUALITY AND MACHINA- 
BILITY OF STEEL? 

By IL L. HEsSp^Mem Am. Soc. M. E, 

PicKUNG is extensively used, as It facilitates the discovery 
of seams nnd surface defects generally, and removes all 
furnace and rolling scale Various solutions are used, such 
as highly diluted baths of sulphuric or hydrochloric acids 
A series of tests were carried out by the metallurgical de- 
partment of tlie Hess Steel Corporation, Baltimore, Md. In 
these tests 1 lb. of a special pickling compound (not otherwise 
specified) was dissolved In 3 gal. of water, and the mixture 
held at a constant temperature of about 200 deg fahr. The 
tests were made on round pieces (1% in. In diameter and 8 In, 
long) of chrome sti*el with approximately one per cent carbon 
and 1.60 per cent chromium 

As the object was to dciermino the lasting effect of the 
pickling on the metal, \arlons subsequent treatments were 
used in order to neutralize fully or partly the effect of the 
pickling, the pieces Iwlng washed in cold, hot or lime water 
and tested either immediately or after periods varying from 
7 to 28 days. The tests were made for hardness without clean- 
ing, polishing or filing the surfaces in any way previous to 
the test, this being done in order to avoid the possible re- 
moval of a skin which might have appeared as a result of 
the pickling 

On the whole it was found that the hardness results do 
not seem to be affected by the pickling treatment, although 
there was a slight indication that the unpickled steel has a 
somewhat softer surface than the pickled specimens. 


Careful machining tests showed absolutely no difference In 
machlnabiUty, and It would appear that pickling affects only 
the skin, and even that to an effect not noticeable la ma- 
chining. 

Further tests were made to find out, if possible, whetlier 
pickling would have any effect upon the surface of the ma- 
terial and whether this effect were traceable to any apprecia- 
ble depth. In these tests each piece of steel was subjected to 
a careful microscopic examination of the surface before and 
after aging and at various magnifications. The photomicro- 
graphs do not show any distinct difference between the pickled 
and unpickled bars. 

The general conclusion drawn from these tests is that pick- 
ling In itself, as well as pickling followed by various treat- 
ments, does not Interfere in any noticeable way with the 
quality or machlnability of the steel . — Iron Age^ Vol. 105, No. 
9. Feb. 26, 1920, pp. 598-504, 6 Figs. 


PRESENT STATUS OF THE CONCRETE SHIP. 

The original program of concrete-ship construction of the 
Emergency Fleet Corporation was reduced after the armistice 
to a total of fourteen vessels, and In October, 1919, contracts 
for two 7,600-ton cargo-vessels were cancelled. 

At the present date there are in service three 8,500-ton 
cargo vessels and one 3, 000-ton cargo vessel, three 7,500-ton 
tankers and twenty-one 500-ton canal barges built by the 
Railroad Administration under the supervision of the Emer- 
gency Fleet Orporatlon. The remaining vessels are in va- 
rious stages of completion and are expected to be In com- 
mission by next summer. 

In general, it is stated that in carrying out this program no 
construction problems wore encountered which were not suc- 
cessfully met. The experience of the vessels in service thus 
far Indicates that for cargo vessels there is ample structural 
strength, and that the barge is a much simpler problem in 
concrete than in usual materials 

On the other hand, it was not found that relnforced-concrete 
hulls could be built with greater speed than steel hulls, the 
average time of constructing the concrete hull being seven 
months. 

In service concrele ships stood up quite well In fact, there 
is generally less vibration in concrete ships than in corre- 
sponding steel ships, and also a cqnsidernble Increase in the 
period of roll, which is desirable, and is apparently due to the 
fact that these vessels have a larger moment of inertia around 
the longitudinal axis than steel ships, because the mass of the 
concrete shell Is considerably greater than the mass of the 
shell in a steel ship 

On the other hand, experience seems to Indicate that these 
vessels are unable to withstand severe concentrated blows on 
the shell without the shattering of the concrete. 

Impact, which in the case of a steel ship would probably 
only cause liKlentatlon of the plates, in the case of the <*oncreto 
ship Is apt to cause a shattering of the concrete over the area 
adjacent to the point of Impact 

Repairs, especially in the case of barges, are, however, 
relatively simple and can be effected with little loss of time 
and at small cost 

The dead- weight capacity of the concrete ship was found 
to be lower than expected, the actual ratio of dead-weight 
displacement being on the average little more than 0.60c 
Furthermore, in the case of a steel ship and a concrete ship 
having the same dead-weight capacities^ the concrete ship 
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bMiiue of tbe greater weight of the ship Itself most have 
greater dimensions than the steel ship, and in consequence 
must have greater hold spaces. For heavy-w^ght cargoes 
such as steelt coal or oil, In which the dead-weight capacity 
is reached before the hold spaces are filled, steel has ob- 
viously an advantage over concrete as a material of construc- 
tion, assuming that construction and operating costs are equal. 
For buUcy cargoes, such as ordinary goods, cotton, fruit or 
other materials for which the space required exceeds about 
70 cu. ft to the ton, tbe concrete ship will actually carry more 
dead weight than the steel ship for the reason that the hold 
spaces of the steel ship will be filled before dead-weight 
capacity is reached. 

The report expresses the opinion that no definite conclu- 
sions should be drawn as yet from the experience of these 
vessels ; and that the only general exclusion therefrom 
seems to be that it Is possible to construct Ships of concrete 
In about the same time, and for approximately the same cost 
as corresponding steel ships, which would Indicate that with 
more experience In the art It will be possible to reduce both 
the cost and the time for construction As regards the length 
of life of concrete ships, no sufficient data are available, and 
the brief experience of vessels afloat has disclosed no serious 
Inherent weakness to shorten the life of a concrete ship. — 
Report read at the Convention of the American Concrete In- 
stitute, at Chicago, Feb. 16-18, 1920, by Committee on Rein- 
forced Concrete Barges and Ships, H. C« Turner, Chairman. 
Abstracted through Engineering News-Record, Vol. 84, No. 10, 
March 4, 3920, pp. 463-464. 


INVESTIGATION OF MUFFLING PROBl.EM FOR AERO- 
PLANE ENGINES 

Bt G. B. Upton and V. R. Gaos, Members Am. Soc M. E. 

Data of tests carried out under the auspices of the Na- 
tional Advisory Commtlttee for Aeronautics on .a Curtiss 
aeroplane engine and several stationary and other engines 
using a fan dynamometer. 

The paper describes in considerable detail the methods of 
measurements and the formula used. As regards the relation 



FIG. 2. INDICATOR DIAGRAM SHOWING OF POWER 

TUIROUGQ BACK PRESSURE AT EXHAUdT VALVE 

between back pressure and power output, It appears to have 
bem found that for moderate back pressures, the power loss 
Is substantially proportional to the back pressure, while for 
higher back pressures the power loss amounts rapidly, appar- 
ently at sudi a rate that a back pressure of even less than 10 
lb. per sq. In. would stop the engine. , 


A possible explanation of this changing effect of hack 
pressure as the back pressure increases may be found by con- 
sidering the indicator card This Is schematically shown in 
Fig. 2. For small back pressures we may expect the main 
effect to be a lifting of the exhaust line of tbe card by an 
amount substantially equal to the increase of back pressure. 
The result would be a loss of indicated mean effective pres- 



RE(H>MMKNl>KO BY THE NATIONAIj ADVISORY OOMOdlT- 
TKK FOB AERONAUTICS FOB THE LIBERTY 
AIRPLANE ENGINE 

sure equal to the back pressure, because the elevation of tbe 
exhaust line would extend through the whole stroke. The 
loss of brake mean effective pressure will be smaller than the 
loss of indicated mean effective pressure in the ratio of the 
mechanical efficiency of the engine to unity. 

At higher back pressures the exhaust gases are held back 
In greater amounts in the cylinder, leaving the clearance space, 
at the end of the exhaust period, filled with an abnormal 
weight of hot, dead gases. These re-expanding, Interfere 
with the incoming charge In various ways, lessening the 
amount of the fuel mixture drawn in. The decrease of charge 
quantity will result In a decrease of the mean effective pres- 
sure which is added to the decrease of mean effective pres- 
sure due to lifting of the pressure of the exhaust line. 

Probably it Is the decrease of charge which is the princiikal 
reason for the possibility of stalling the engine by fairly 
completely choking the exhaust pipe and before complete 
closure is reached. 

It was also found, os regards the relation between the 
brake horse-power and the actual back pressure, that "the 
back pressure increases us some exponential function of the 
horse-power, when the conditions of the exhaust passages 
remain unchanged." [Quoted literally — Editob.] 

Data are presented to demonstrate that the choking of the 
exhaust by sharp turns, pipe fittings, etc, gives the same 
results us choking by a muffler. 

In the course of the experimental work carried out some 
peculiar phenomena were noted. One such was the abnormal 
power drop, considering the back pressure, at certain critical 
speeds It was found that this abnormal power loss could be 
avoided by a very small change of speed either way from 
the critical 

Tbe critical speed changed or disappeared with change of 
exhaust manifold. The supposed cause of this abnormal power 
loss at the critical speed is a reflected wave of exhaust gas 
killing the clearance of some cylinder Just before its exhaust 
valve closed, 

A number of mufflers was tested. 

The authors recommend a tentative design for the 
Liberty 12-cylIndor engine, that shown in Fig, 8, where air la 
supposed to pass through the Inner tube to some extent aiding 
in cooling . — National Advisory Committee for Aeronautics, 
Report No. 66, preprint from Fifth Annual Report 1919, 88 pp., 
27 figs, and numerous tables 
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OZONE AIR CLEANING. 

By E. S Haujbtt. 

OKHCBiPTior« of Installations tested out In the public schools 
of St. liOulR, Mo. The Head of the Hygiene Department of the 
Board of Education of St Louis came to the Building De- 
partment with the complaint from one of the downtown schools 
that the air was so bad In some rooms that teachers threatened 
to resign on the advice of their physicians The writer pro- 
posed to the Hygiene Department to test the application of 
ozone. < 

The ozone apparatus was set up in the air passage between 
the air washer and fan, and regulated to produce Just suffi- 
cient ozone to be barely detected by the odor on entering the 
building, but not enough to make one conscious of an odor. 
The result was the actual disappearance of all the stulty con- 
ditions and bad smells complained of. The teachers stated 
that the conduct of the children as to lessons and behavior 
was noticeably better. Colds and coughs nearly disappeared 
No contagious diseases developed during the six weeks’ trial, 
although the Influenza was epidemic at this time. In fact, 
during the period of an influenza epidemic, the attendance in 
this school was 30 per cent higher than the general average 
attendance for thl» school. 

The experiment was then transferred to a colored school 
having the plenum system with the Zellweger air-washing 
fan and with complete recirculation of the air. The ozone ma- 
chine was set up just back of the fan, the ozone acting upon 
the water of the air washer as well In this test the pupils 
and teachers were weighed weekly and a close Inspection made 
by the staff physician of the Hygiene Department. About 75 
per cent of the children gained in weight on an average of 
about one pound, about 5 per cent lost weight, while the rest 
suffered no change. Several very stout girls weighing about 
170 lb each lost from 5 to 8 lb weight (total duration of test 
not stated). No indication of Illness or discomfort was noted. 
No contagious diseases occurred in this school and colds were 
notlc^eably less. 

The coal consumption was measured, and In comparison 
with days of equal outside teiniRTature the coal used was 
almost exactly one-half. 

Agar plates were exposed in a room filled with pupils and 
showed an average count of bacteria of 225, which was ex- 
tremely low, indicating that the ozone had destrojed the active 
germs of the nir. 

These and other tests during a year’s period Indicated that 
ozone destroys all odors resulting from the respiration, bodies 
and clothing of the children, and produ(*es a mild exhilaration 
resembling that of a sea breeze or the air on u morning after 
n thunderstorm. It appears from limited data to be a pre- 
ventive of Influenza, and It is believed that Its Introduction in 
ventilation would probably remove the necessity for open-air 
schools now common In most cities. 

The maximum ixmccntrallon should be t<M) low to give an 
ozone odor, and if used up to this concentration is safe for 
ventilation. Persons not used to ozone in air must be em- 
ployed for detecting the air, as the sense of smell for ozone 
quickly declines when exposed tojt. 

The writer developed a standard which may be used In de- 
termining in advance the proper concentration for any given 
volume of ulr mo\oraent or for a given number of occupants 
in u room 

This standard was de\ebii»od after ascertaining that with a 
given voltage and wdth a given thickness of dielectric the 
amount of ozone generated was proportional to the number of 
brush discharge points of the generator. 

The most satisfactory apparatus uses 4,(X)Qi volts alternating 
current from a static transformer, nil Included with tho ozone 
generator unit, which uses a mlcamlte plate dielectric 0040 In. 
thick^and aluminum points spaced approximately % in. apart. 
It was observed that 600 brush points made just enough ozone 
for LOCK) cu. ft, of air from the blast fan. 

This test was with rooms filled with 45 to 50 children much 


below the avdihage in cleanliness. For rooms occupied by 
fewer people, the bruidt points or voltage should be reduced. 
If conditions are to remain constant^ some points should be 
disconnected, but with varying oonditloDS a controller should 
be Installed to regulate the voltage by taking taps out of the 
primary of the transformers. 

Where the air Is recirculated In whole or In part, the ozone 
must be cut down to the point where no ozone odor is notice- 
able. In fact, the revitalizing of the air of the average school 
room when recirculating 90 per cent of the air will be effect- 
ively done with half the maximum stated above. The writer 
believes that the delay In the use of ozone in ventilation has 
been due to trials made with too high concentration and to the 
absence of any information on a means of control. 

The writer proceeds to show a heating system designed in 
the light of these tests. It has no air washer. — Paper pre- 
sented at the Annual Meeting of the American Society of Heat- 
ing and Ventilating Engineers, Jan. 27-29, 1920, under the title, 
”An Advance in Air Conditioning in School Buildings.” Com- 
pare Heating and Ventilating Magazine, Vol. 17, No 2, Feb., 
1920, pp. 25-29, 1 fig. 


POTS AND BOXES USED IN CARBONIZING 
Bt H. H. Habhis. 

Wiiiuc heat-treating furnaces and processes have been con- 
sistently developed In the last score of years the pots and 
boxes used in the cyanide and lead-^hardening processes have 
changed very little. 

The factors govern the service received from pots and boxes. 
They arc — design, method of manufacture, and material. As 
» regards design, the author states that while in some plants 
there have been considerable Improvements, through tho in- 
dustry at large a great majorlly of carbonizing boxes are of a 
design as well adapted for packing soap as they are for 
carbonizing, which affects the results obtained In a very unde- 
sirable manner 

To be good a Ikix must be designed to permit tight sealing 
with some refractory or other material, In such a manner, how- 
ever, that the clay should not enter the box and mix with the 
comp<»und. Proper dimensions of the box are also important 
The thickness of the box should he light enough to prevent 
wurpage and still sufficient to permit proper flow of metal In 
tho casting 

Materials for pot and box manufacture may be grouped 
into six clusslticutions : Oast Iron, cast steel, pressed and 
rolh'd steel, “trick” materials, alloys and materials calorlzed 

Cast iron is both the cheapest first-cost material and the 
poorest It oxidizes rapidly, gives a non-uniform service, be- 
comes distorted easily, forms scale which mixes with the car- 
bonizing comiiound and Is likely to Spoil the work, and finally 
is affected by the cyanldlng mixtures 

Cast steel is generally much superior to cast Iron. It costs 
about twice as much per pound, but may give much longer 
service. The principal objection to cast steel Is that the grade 
of steel us(»d for pots and boxes is usually of inferior quality, 
sometimes even semi-steel being offered for steel. The method 
of casting the pots and boxes is also often unsatisfactory. 

Judging, however, from the average of various types and 
conditions studied in many of the largest plants In the coun- 
try, the author does not believe that any material has shown 
on tlie average u uniformly longer life per dollar invested 
than cast steel with the exception of a nickel-chromium alloy 
which he refers to as “Q-alloy.” 

Pressed- and wrought-steel pots were quite generally used 
some time ago before the advance In price of this material. 
Its advantage is its light weight and consequent small heat 
consumption. Its disadvantages are its high price and the 
comparatively few shapes in which it can be secured. Some 
companies manufacture their own annealing boxes from 
wrought steel, riveting or welding them together. Some of 
these are said to give satisfaction In extreme temperatures, 
hut not under general conditions, Wrought-ste^ riveted or 
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welded pots for cyanide^ cblorlde or lead conditions have never 
been successful owing to leakage. 

By “trick” materials, the author means products misrepre* 
smted by their makers or sold under a trade name which 
does not correctly indicate their nature. Alloys for heat-re- 
sisting purposes are a new development and may be said to 
bd used In their infancy. 

The latest development in the alloy field is a special nickel- 
chromium alloy, the analysis of which the author is not yet 
authorized to divulge. This material dilTers from nickel- 
chromium alloys on the market in that it retains many of the 
physical characteristics of the cold metul ut a temperature of 
2,800 deg fahr. and rings like a bell when struck with a ham- 
mer at this temperature. This new alloy is known as Q-alloy, 
grade X. 

The only true scale of value by which a user <an judge most 
comx>etltive production materials consumed In s<‘rvl(*e is by 
comparing their life under service conditions with tholr initial 
cost, and determining how many units of service each renders 
per dollar investment. In computing pot and box cost a unit 
is a heat-hour, which is an hour in the furnace under heat. 
Cost per heab-hour Is arrived at by dividing the number of 
heat-hours received into the initial cost of the pot or tM>x: 


for instance, if u cast-iron box weighing 100 lb and (Xist 5 
cents pc^r Ih runs 100 heat-hours, the cost is 6 cents per hour. 
A steel box ut 12 cents per Ih. should run at least 300 hours 
under the same renditions, making a cost to the user of 4 cents 
l>er heat-hour. Under certain circumstances parallel to this 
Q-alloy has been known to run 7,000 hours, making a cost to 
the us<T of 2 cents per heat-hour Whore an alloy affords a 
saving In cost per heat-hour It minimizes warpage and allows 
a thinner section to be used, thereby saving fuel ln‘ heating the 
box and its contents 

Thousands of tons of metal i>er annum are being consumed 
in the fires of liont-treating furnaces. This metal is paid for 
companies e\ery (»ne of which could use the money so 
exiiended to the hetternieiit of their product rather than 
writing it off in the proflt-and-loss column and passing the 
tarift on to the ultimate consumer. American Industry quite 
frequently puts up with undue waste to obtain production and 
perhaps the greatest waste in the metal-working industries, 
which can l)e directly attributed to iguorance and neglect, is 
the waste of metal consumed in the heat-treating processes. 
Tills waste can never he entirely eliminated, but It may be 
greatly reduced --The Iron Age, Vol. 105, No. 11, March 11, 
1920, pp 729-731 
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DETERMINATION OF PORE SPACE OF OIL AND GAS 

SANDS. 

By a, P. Melcher, M S , Washington, D C 

A PRooRRSs HTiort on an investigation of the physical factors 
of oil and gas and t^speclally of their sands, such as pore space, 
size of pores or permeability, retentlvlty, viscosity of the oil, 
temperature, pressure, thickness and area of the pay sand, 
water relations, and capillarity. The purpose is to determine 
as many of these physical factors as possible, and to ascer- 
tain the relations existing, directly or Indirectly, between 
these physical factors and the produ< tlon of oil and gas As 
yet only pore space and size of grains of pay sands have been 
investigated, although an apparatus has been designed to 
determine the pcrmeahllity of a sand to oil, water, or gas 
under definite drops of pressure between the entrance face 
and exit fa<e of the sample. 

In selecting a method for the deternunatlon of pore space, 
two objects were kept in mind: First, the method must not 
only be sufficiently accurate to be of a truly scientific nature 
but must also be rapid enough to Justify its commercial use 
Second, the method, to have as largo a range as possible, 
must permit the determination of pore space of many types of 
samples of different composition and structure, with great 
range of size. 

Conclusions are ns follows * A method has been established 
that will determine the pore space of very small fragments 
of oil and gas sands and determine the pore spa<’e accurately. 
None of the pay sands in which oil was found, If the pore 
space was less than 10.5 per cent, were producing sands. A 
study of samples suggests the conclusion that production Is 
dependent on both pore space and size of grains, other factors 
being equal. 


CHARPY IMPACT TEST AS APPLIED TO ALUMINUM 

ALLOYS. 

By E. H. Dix, Jb., M. E., M. M. E., Cleveland, Ohio. 

The success of the Charpy Impact test In the steel industry 
has led to Investigation of Its possible bppllcation to alumi- 
num and its alloys. Results of a few preliminary tests made 


at the T->nite Laboratories of the Alnininuin Manufactures, 
Inc, are given Slow^-bending tests w’ere made duplk*ating 
the airangeinent of the impact machine, on both notched and 
unnotched specimens of a serl<*s of copper-aluminum alloys 

Results are suiniraarlzcd as folkwvs The Charpy impact 
resistance of copper-aluminum alloys decreases with Increase 
in copper content, within the limit of these experiments (12 
per wnt copper). 

No dirett relation has been discovered between tho Charpy 
impact resistance and the more common physical properties. 
However, in general, for this senes of alloys the Impact re- 
sistance flecreases as the yield point, tensile strength and 
hardness inen*ase and the Impact value follows more nearly 
the elongation than the ‘‘product of tensile strength by elonga- 
tion.” as Is often stated. 

The notch effect Is very much less pronounced In this series 
of alloys than in ste^. The ratio of unnotebed to the notched 
resistance in the Charpy test varies from 2 4 to 4 8, the 
notched imr having one-half the breaking area of the un- 
notched. For steel bars having equal breaking areas, the un- 
notched bar offers four to five times as much resistance as the 
notched bur The notched specimen was the same as used In 
these experiments, but the unnotched was of the shape that 
would be obtained bj planning a notched bar to the root of 
the notch. 

The slow-bending tests give the same order of results as 
the Charpy impact, hut the ratio of energy absorbed In the 
slow-bending teat to that of the Charpy teat varies from 0.27 
to 1 02. Captain Phllpot of England has reported that for 
steel this ratio is so nearly constant that he was led to 
the following conclusion “The notched bar test made in 
a pendulum testing machine is not essentially an impact test” 
The experiments reported on In this paper do not Justify such 
a conclusion for these copper-aluminum alloys. 

The ratio of maximum load of the unnotched bar to max- 
imum load of the notched bar In the slow-bending teat Is 
very interesting. Since the strength of a beam varies as the 
square of its depth, the maximum load of the unnotched bar 
should be four times that of the notched bar if the notched 
bar were not further weakened by the “notch effect." This 
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ratio varies from 2.78 for pure aluminum to 4.44 for the t2 a leur pr^mlnary expttlmetKto oiil alloy stOels Indicated 


per cent alloy. This shows that the not<^ not only does not * 
weaken pure aluminum but rather enables it to stand a pro- 
portionally higher load. For the 12 per cent copper alloy, the 
weakening effect In small. 

These results indicate that the Oharpy Impact is a sat- 
isfactory test for aluminum alloys. When making this state- 
ment, the author fully realizes the danger of Judging a 
material by its Oharpy Impact value without full consider- 
ation of the other physical properties. For Instance, we 
must learn the proper Churpy figure comlbined with a given 
tensile strength and elongation that will give the most satis- 
factory shock-resisting aluminum alloy, Just as the steel 
crankshaft manufacturer now knows the proper oomblua- 
tlon of Oharpy Impact value and yield-point strength that 
will give tlie most satisfactory service. 


NITHOOBN IN STEEL. AND TUB EROSION OF GUNS. 

By H. E. WnaKunt, O.Ob.B., Ohicago, III. 

The work described was carried out during ipi7 and 1918 
at the testing laboratory of Watertown Arsenal at the insti- 
gation of the Nitrate Dlvlsipn and later with the" concurrence 
of the Cannon Sectiot^ of the Ordnance Department, S. A. 
The experiments follow three principal lines of work: First, 
the effect of nitrolgen under pressure on steel containers of 
various compositions at a red heat; second, the effect of de- 
composing ammonia on various alloy steels, Iron and non-fer- 
rous alloys; third, a new theory of the erosion of guns In 
respect to the effect 6f nitrogen in steel. 

In the Haber process for the manufacture of ammonia from 
its elements. It is necessary to have nitrogen and hydrogen 
of 1000 lb. per sq. In, (105.5 kg. per sq. cm.) at a temperature 
of 600 to 000*0. The steel containers for these gases gave 
trouble by failing without apparent cause. 

When the General Ohemical Co. began to develop its method 
for the production of ammonia, It experienced the same dlfll- 
culty and, knowing that the Haber process had solved the 
difficulty by the use of alloy steels, it made several small 
steel bottles of different compositious and kept them filled 
with these gases at thli pressure and temperature until they 
^failed. Four of these steel bottles were sent to this laboratory 
for investigation; they were a plain carbon-stecA forging, a 
nickel-steel forging, a chrome-vanadium steel forging and a 
chrome steel-forging. The time of service was as follows: 
plain carbon steel, 4 mo. ; nickel steel, 6 mo. ; chrome-vanadium 
steel, over 2 yr. ; chrome steel, 4 mo. When these containers 
were cut open and the cross-section surface polished, they 
showed an inside zone with a different luster from the rest 
of the metal. Upon etching, this zone was almost unaffected 
while the rest of the steel etched normally. 


that a stream of ammonia passed over tb^ for a long period 
of time, at about 660*0., gave, an effect vei;^ Umhar to that 
observed la the cylinders desbribed. Hli^pressttre experi- 
ments ^ttv molecuhir nitrogen difficult, dangerous, and 
take a great deal of time, so It whs thought that a study of the 
( effect of nascent nitrogen on various steels might throw some 
light on their general behhvior and be a good method of elim- 
ination. 

EEOSION or GUNS. 

A study of the data on erosion shows that It has bem 
customary to treat a comparative small number of experl* 
meats with an intensive study of each, rather than to take 
the salient features frdtn a larger number of experiments. 
The opportunity to take the latter course was presented during 
the war but, ao far as the writer has been able to find out; 
no new facts regarding en»lon were discovered by any of the 
governments participating. It Is surprising to find that while 
almost all metals have been experimented with in so-called 
erosion experiments, oqly a vmry few have actually been tried 
In a gun ; and even these have been tried only In a hit-and-miss 
fashion. 

For this paper, erosion will be defined as the enlargement 
of the bore and obliteration of the rifilng from any cause. 
Some of these causes are: The eccentric path taken by the 
projectile and the consequent pounding ; the whip or vibration 
of long guns; the muesle droop of long guns; mechanical 
wear or abiraslon, from the pasidng of the projectile, gases, or 
unbilled powder, etc.; protrusion of liners and consequent 
loss of metal within the bore; swelling of barrel (In small 
arms) due to lowering of elastic limit; cracking of boro 
surface due to the formation of a hard layer of low ductility. 
Only this lost feature of erosion la dealt with. 

To describe it briefly, even after the first few rounds; ‘there 
Is a noticeable hardening of the surface, whlqh Is srtective 
In its formation. The micro^pe reveals It as a layer that 
remains bright on etching end exhibits no structure. The for- 
mation follows the driving side of the lands, preferentially, 
and eventually the entire land and groove and even the fiow- 
der chamber and forcing code are affected. The formation 
on the bearing surface of the land extends much farther 
down the bore than on any other point of the dvcumference. 
This layer Is characterised by hardness and especially by its 
low ductility, so that It no sooner forms than It develops a 
network of fine hali>llke cracks which make a characteristic 
pattern, the largest being In a plane perpendicular or parallel 
to the axis of the bore. The enlargement of these cracks, and 
the consequent roughening of the bore, Is generally admitted 
to be one of the dilef determining factors In the life of guns 
of large calibers. 


STABILITY OF VARIOUS HICKORIES FOR VEHICLE 
MANUFACTURE. 

Tax principal species of hickory are divided botoalcally Into 
two groups, true hickories and pecan hickories. True hickories 
Include shellbark, shagbark, mockemut, and pignut or bla<4c 
hickories. Pecans Include bitternut, nutmeg, pecan, and water 
hickories. 

The chief difference between true and pecan hickory, as 
shown by ‘tests at the Forest Produots liaboratory, Is In tough- 
ness or shock-resisting ability. This is the property which Is 
so valuable In wood handles and vehicle parts. In this prop- 
erty true hickories are far superior to the pecans. 

The strength prt^rtlos of pecan are somewhat in excess 
of those of oak or maple, and for such arUcIes as handles and 
baggy spokes; carefully selected pecan Is probahly to be pre- 
ferred to either of these two woodfk In heavy wagon parts, 
such a, axles, spokes and felloes, maple and oak ate reputed 
to stay In place better than hickory. Except in case of ex- 
treme shortage of maple, true hickory and oak tt wotfid prob- 


ably be Inexpedient to use pecan hickory for 'these heavy parts 

Tbe,sapwood or white wood of hickory, which is usually pre- 
ferred by tbe trade, Is the better wood in young, thrifty trees ; 
but in over-mature trees It Is Inferfor to the heartwood. A 
red. color does not necessarily moake sound hickory nnsultable 
for vehicle stock. 

A mote useful criterion than color Is the proportion of sum- 
merwood, or i^pqrous wood. In the annual growth rings. In 
hickory storit Intended for the more exacting uses, the non- 
porons wood should form at least ehe-half and i^enbly 
three-quarters of the annual ring; and the re maining part 
should contain very few pores. A further precautkm to be 
observed is that the nonporous part of tbe eannni ring riwuld 
be bard and flinty. 

The best criterion of the etreogtb piopertiee of either true 
or pecan hlritory Is ‘the ‘weight of a oublc foot of tbe dry 
wood. This weliht should not be more than 10 per cent below 
the everage for true hlcfem; or not lees than 46 pounds per 
cubic foot of oven-digr wotil. 
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OUR APPLE. 

What do \Ce know about tlie planet we U\e upon? We have 
detmniued Its shape, we have measured Its size; we have 
estimated Its weight ; we have climbed its mountain peaks and 
delved Into Its ocean depths; we have winged our way up 
into the envelope of the atmosphere and soared far above the 
clouds, and we have bored far Into the ground, but there are 
lofty heights that have not yet been scaled, profound depths 
that have not been sounded, and vast areas that have not yet 
felt the tread of human foot Undoubtedly It la only a ques- 
tion of time when all these regions will yield to the zeal of the 
explorer. However, then we shall have but a superficial ac- 
quaintance with the earth In some respects we know more 
about the sun than we do about our own planet We have 
actually dlsctivered elements on the sun before they were 
found here on tlie earth. At best onr knowledge of the earth 
Is not even skin deep. 

The skin of an apple measures In the neighborhood of a 
hundredth of, an Inch in thickness. The apple — a large one — Is, 
say, four inches In diameter Enlarge it to the diameter of 
Ihe earth and the skin will mousure al>out twenty miles In 
thickness. What do we know about the skin of our apple? 

The deepest well ever bored is on the I^ake farm near Fair- 
mount, West Virginia It Is a hole six inches in diameter, 
which was driven to a depth of 7r>79 feet, or nearly a mile 
and a half, before a slide of earth stopped further boring. 
The deepest mine shaft in the world Is at Morro Velho, Brazil, 
which goes down to a depth of 6400 feet below tbc surface, 
or approximately one mile and a fifth. So far we have barely 
begun to gnaw through the skin of the earth What do we 
know of the meat of this apple? 

We assume that the center of the earth is hot, very hot in- 
deed. Samples of the earth’s Interior are hurled out of vol- 
(*anoes, or pour as molten lava from the Ups of craters, but 
we ftin only guess at the depth from which this material 
comes. We doubt that the core of the earth is molten. 

We know that as we dig into the earth tiio temperature 
rises, but the rise of temperature Is not regular; It varies 
with dilferent localities. In the Lake well referred to above a 
temperature of 3086 degrees Fahrenheit was observed at a 
depth of 7500 feet. It Is assumed that the boiling point would 
be reached at a depth of about 30,000 feet. 

Because we know so little of the Interior of the earth It has 
l>een suggested that explorations be conducted Into the in- 
terior of the earth for the purpose of obtaining scientific in- 
formation. Some years ago Sir Charles A. Parsons proposed 
that a shaft be dug to a depth of twelve miles. It was </b- 
Jeoted at the time that the enormous pressure of the earth 
would make it difficult, if not impossible, to dig Such a sbafi. 
When the aqueduct slr^on was bored through solid granite 
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under the Hudson River to a deptli of 1200 feet special meas- 
ures had to be taken to protect the workmen from large 
flukes of rook vVhlch were constantly breaking dff with a snap 
like that of a pistol report. This flaking was due to the re- 
lease of pressure on the rock which had been under enormous 
<*ompres8ivo strains for ages. Undoubtedly difficulties of that 
sort would be encountered In boring a twelve-mile shaft. It 
was even suggested that the surrounding pressure would act- 
ually close the bore. However, small scale experiments have 
been made with high pressures and teini)eniiure« which Iiull- 
eate that such would not l)e (he nise and it Is proliahle that 
the full diameter of the bore could be maintained until 
great a depth had been attained that the combined heat and 
pressure would render the rock plastic and cause it to flow 
into the bore. This would certainly not take place at a depth 
of less than thirty miles. No doubt the greatest obstacle to be 
overcome would be that of high temperature. Special cool- 
ing apparatus would be required to rodiu'e the heat sufllelontly 
to enable the workmen to perform their labi»rs. 

The subject is discussed by Sir Charles A, Parsons In the 
article on High Temperatures and Pressures on page 432 
When he first proposed digging such a shaft he estimated that 
It would require about eighty years to complete the work. 
Since then excavating machinery and methods have been im- 
proved lo such an extent that It seems probable that such n 
shaft could be sunk in thirty years. 

The lessons that we should learn from such an undertaking 
would be of untold value to science. It is quite possible new 
light would be thrown upon the composition of chemical ele- 
ments. We might learn something about the transmutatlou of 
metals in Nature’s laboratory down in the bowels of the earth. 

Not only would the shaft be of interest to science, but it is 
quite probable that It would prove of commercial value. Those 
who have bewailed the fact that we are fast exhausttog our 
stores of coal and oil and have been holding forth a gloomy 
prospect for posterity may be reminded that there are vast 
stores of heat confined within the earth which have not yet 
been tapped. Even now some use is being made of the internal 
heat of the earth in certain volcanic regions of Italy, where 
the Steam issuing from the ground is trapped and put to 
work. It has been proposed that bores be sunk Into the ground 
to admit water which would be converted Into steam, and then 
converted into mechanical work. There are untold stores of 
energy under our very feet waiting to be developed by future 
generations. Undoubtedly there are vast deposits of min- 
erals stiU to be exploited and it may be that there are ma- 
terials rich In value yet to be discovered and put Into the 
service of man. 

It is well worth our while to explore the skin of the apple 
we live upon. 



Celestial Photography for Amateurs* 

Excellent Results Obtained With Crude Apparatus 

By Dean B. McLiaughlin 


As a rule, 1 believe ttiat amateur astronomers have, on the 
whole, remained aloof from tlie field of celestial photography. 
This is probably not because they have no Inclination to apply 
photography to their work, but because they do not realize the 
full power of their inatrumeuts. They are apt to think that 
their telescopes can accomplish nothing In this line. It is the 
purpose of this article, therefore, to show Just what re- 
sults can be obtained with the smalleet and crudest of ap- 
paratus. The reader should bear lu mind that the largest 
instrument 1 have ever used for photography is a 2^-lnch 
telescope ot 84-inch focal length. 

In February, 1915, 1 experimented with a No. 2 Brownie 
camera and found that with the Instantaneous exposure of Its 
shutter, it was i^osslble to obtain very good pictures of the 
moon. Although only a millimeter in diameter, these Images 
idiow all the naked-eye details of the moon. I then constructed 
the lunar camera with which the accompanying photographs 
were obtained (Figs. 2 and 4). 

This is a light-proof wooden box about five indies square 
and six inches deep (Fig. 1). The front of the box is double. 
In the first thickness of wood there is a hole large enough to 
admit the eye-piece end of the telescoi>e. The next thickness 
is pierced with a hole as large as the rear lens of the eye- 
piece. Back of this hole is the shutter, which consists of 
a slip of cardboard with a hole in it. The exposure is made 
by allowing this bole to pass by the eye-piece. This diUtter 
is operated by a rubber bend, which la perhaps the simplest 
and most efficient shutter spring for such a camera. The 
hack is open and carries a ground glass screen There is an 
opening to accommodate a four by five plate-holder The 
prlndlfle employed in this apparatus Is that of prafeotion, i e., 
the Image of the moon Is projected on the plate, Just as the 
solar Image la projected on a screen for the study of sunspots. 
(See Fig. 1). 



FIQ, 1. SHALL TDUDBOOPB FOR LUNAR AND SOLAR 
PHOXOORAPHT 


For some time I need a small telescope of the type popularly 
known as a “spy-glass.'* A lunar image about, 22 mm. in 
diameter waa obtained with an exposure of half a second. 
The negatives thus taken were rather thlh and did not show 
objects on the terminator. Later, using the 2^-lnch telescope, 
denser negatives were obtained somewhat snmller than the 
first These showed many details on the terminator, but 
this topic will be discussed later. 

■■ ■ ' .r — — ' — I 

•Beurtntett Crotn Popular Aotionomp, Pebrmr}, 19U0. 


The telescope and camera are securdy mounted on a board. 
It may be propped against any bandy object Ot ooone, wifli 
this arrangement, it la tmposilble to follow tbe moon. The 
apparent motttm per aecond, doe to tbe rotathm of the 
Barth la: 

m" = 15* 008 d 

where d la the declination of the moon. Since tbe moon is 
never aa mnch aa 29* from tbe Bqoator, Ita minimum motimi 
la more than 13* per second. Therefore, with the tdeacope at 
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rest, an exposure of more than tialf a aecond would materially 
Injure the smaller details. The farther tbe plate is from tbe 
eye-piece, the larger will be ttie Image (Stained *, but the larger 
the Image, the thinner will be the negative. From experience 
I have found that It is best to make ithe diameter of the 
image one-third of the aperture of the teleaoope. Thus, with a 
2^<iiK:b Instrument, I make the image of tbe moon about 
% inidi in diameter. 

When photographing the sun, I use my "spy-glass'’ and 
obtain a much larger Image. My greatest dliBculty has been 
In obtaining a short enough exposure. When taking a solar 
photo, the shutter la adlowed to drcp as fast as tbe rubber hand 
can move it. When photographing the moon, It Is lowered 
slowly with tbe hand. 

The prints con never do Justice to tbe original negatives. 
The nearest to perfect prints are a few lantern slides which 
a friend made from my negatives. To give an idea of the 
delicate details obtained with this seemingly Inslgnlflcant 
apparatus, I will summarize a catalogue which I made of tbe 
craters found ou the plates by careful microscopic examina- 
tion. On first examination of 32 plates, a total of 51 craters, 
whose names I knew, were found. A second examination 
resulted lu listing 11 more, l^ese craters ranged from 
Clavlus down to craters twenty miles In diameter. Many 
unnamed craters only ten ndlea in diameter were found. 
Some appeared only once, but many were fonnd on four or 
five plates. In addition to this, a photograph of Venus In 
the crescent phase was obtained. The crescent was distinct 
under the mtcroaoope. Tbe image was only a third of a milli- 
meter la diameter. 

Since my teleaoopes are not' mounted etuatorially and ttSto 
no driving dock, It wonld appear that the idiotograiihy of the 
stare la Impossible with my equipment However, I was able 
to convert my titpod into an equatorial meunti^ by re«d- 
Jnatlng the legs. As for the driving dock, tbe hand la a fair 
substitute. 
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The steUar eamem (Fig. 8) consistB of a cardboard box, 
at the front of which la a common reading-gtaer. The abutter 
hi a eheet of cardboard before the lens and la raised and 
lowwed by means of two strings. The camera la strapped 
to the tube of the telescope. It Is evident that If a star be 
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followed so as to remain in the field of the telescope, that star 
will occupy a nearly fixed position on the sensitive film. To 
keep It as accurately In one place as is possible with such 
an instrument, a pair of cross-threads is placed between the 
lenses of a negative eye-piece. The star image Is thrown out 
of focus so as to obtain a small disk on which the cross- 
threads stand out clearly A Premo film pack is used because 
small enough plates could not be obtained. 

The operation with this instrument is as follows. First» 
the film pack Is placed in position, the focus having been 
found. Then a bright star in the region to be photographed 
Is selected and Its image brought to the intersection of the 
cross-threads. Then, and not until then, the shutter is opened 
and the star Is followed so as to remain at the intersection 
of the threads. If by any chance It escapes from the field, the 
shutter Is closed at once. The following of the star in this 
manner is nervous work. I have never been able to continue 
It for more than ten minutes. A total exposure of half an 
hour or more should be given for most photographs. 

Of course there are numerous disadvantages. First, if the 
telescoi^e Is not accurately mounted as an equatorial, the star 
may leave a trail, although this will never be very long. 
Secondly, the reading-glass lens is not corrected for spherical 
aberration. If a camera with a wide lens, such as the Grafiex, 
is available, it should be used by all means. If a driving 
clock Is used, the photographer should, nevertheless, remain 
at the eye-piece to correct any irregularities of motion. Figs, 
6 and 6 were obtained with the apparatus described above. 


The negative of Fig. 5 shows more than 20 stars and that of 
Fig. 6 Shows over 40. 

Lastly, we come to the us^ of the hand camera. The two 
series of photographs shown In Figs. 7 and 8 were obtained 
by leaving the camera in one position until It became neces- 
sary to start a new row. At Intervals of five minutes or 
photographs were taken. Fig. 7 was over-exposed. Fig. 8 
was taken with the lens stopped down to little more than a 
pinhole and giving an exiwsure of 1/50 second. Both were 
taken with a No. 2 Folding Brownie. 

Ooucemlng the results that may be obtained with various 
Instruments, 1 will say that I do not believe It beyond the 
power of a three-inch telescope to obtain recognizable photo- 
graphs of Saturn and bis rings, provided the telescope has a 
good driving clock and is equatorlally mounted. Other good 
objects for such an instrument would be Jupiter and his 
satellites and Venus, in all her phases. Two or three minutes* 
exposure should be given for Jupiter’s moons. 

There are a few points which it will be well for a beginner 
In celestial photography to bear in mind ; 

1. Don’t sacrifice density in the negative, for the sake of 
obtaining a large picture. 

2. Don't try to photograph the mooti through a tbln film 
of cloud The cloud absorbs a large proportion of the blue 
end of the spectrum. 

3. The same applies to any heavenly body when near the 
horizon 

4 Remember that the intensity of light varies inversely as 
the area over w'hich it Is spread. 
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5. Don’t expose more than half a second unless a driving 
clock is used. 

I have found the Stanley dry plate, manufactured by the 
Eastman Kodak Company, perfectly satisfactory for all my 
work. 

INTERNATIONAL COMMITTEE ON STELLAR 
PARALLAXES. 

At the Initial meeting of the International Astronomical 
Union, held in Brussels last July a committee on Stellar 
Parallaxes was appointed. All institutions In the United 
States which are actively engaged in stellar parallax work 
are represented In the membership of this committee and thus 
the corresponding committee of the American Astronomical 
Society appears to have become superfluous. 
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Will o’ the Wisp — Ignis Fatuus — ^Irrlichter — ^Feux FoUet 

Interesting Records of This Curious Phenomenon 

By Rich D. Whitney, Assoc. Prof, of Electrical Engineering, Syracuse University 


T he plienoiTirtion kiiuvvu m the Will o’ the Wl«p is one of 
whose origin little Is known and of whose occurrence 
few authentic records are available. The appearance 
of this phenomenon Is of such a nature as quite to unnerve 
the ordinary obsener and muse his imagination to run riot 
with the result that few facts are really knr>wn. Among the 
Ignorant and sniierstlUoua, the will o* tlic wisp Is thought to 
be due to the evil one and its antics often seem to bear this out. 

In getting together the material for this article, the author 
has searched out all prcibable sources of Information on the 
subject to be found In English, French, Italian and German. 
The absence of the subject from scientific writings Is conspic- 
uous The longest treatise on the subject was found In the 
American Encyclopedia which was published In 1808 at a time 
when the fluid theory of electricity was the most accepted 
one. 

Professor Besel, a Gorman scientist, writing In Annalen der 
Physih, Vol. XUV, page 306, tells of an experience which 
he had In the neighborhood of a great swamp in the Duchy 
of Bremen along the river Wdrpe, December 2, 1807. The 
phenomenon was observed by him In the morning hours of a 
dark, calm night after a light rain hud fallen occasionally 
throughout the night. The professor was aboard a boat and 
learned that the phenomenon was common In that locality but 
of sufficient distance away so that the skipper of the boat was 
not disturbed by It. The place of occurrence was a peat bed 
which was continuously dug over by the peasants of the 
neighborhood. Numerous little flames seemed to stand over 
water puddles among the bogs. After glowing for some time 
they would disappear. The color of the flame was somewhat 
bluish like that of Impure hydrogen gas. Their light power 
must have been Inconsiderable as he was unable to see that 
the ground lu the Immediate vicinity was noticeably illumi- 
nated or that the large numbers of them spread abroad any 
noticeable light Professor Besel estimated the number of 
such flames visible at any time as about one hundred and 
their duration about fifteen seconds. Some of the flames 
seemed fixed, others moved horizontally and whole groups 
were observed to float al)Out like flo<'ks of flying birds. The 
flames seemed to remain In the lower portions of the bogs. 
The professor suggested that an expedition be formed to in- 
vestigate the locality and the appearance of the *Trrllchter” 
but no such expedition was later recorded. 

In a translaHon from the Italian, the following Incidents 
were recorded* A certain painter was passing along the 
Streets of Bologna at night when he saw a fiery ball come 
out from between the flag stones of the street almost between 
his feet, run along the ground, arise to some height and 
vanish. He felt the heat on his face as the ball passed near 
him. He reported the phenamcnou to another gentleman who 
made an extensive study of the locality and the appearance of 
the will o* the wisp, going from place to place and making 
lengthy observations. He observoil on both clear and cloudy 
nlgtts. This gentlentan said that the phenomenon was gen- 
ewTly supposed to be connected with decaying animal matter 
awKio Originate many times in grave yeards. He remained at 
church yard entrances a great deal but never saw one there. 
These Investigations wre carried out in late autumn, a time 
when this fiery phenomenon happens to show itself more fre- 
quently than at any other time, according to the published 
reports. He found this to be true and attributed It to the 
quick changes in the depth of the atmosphere which allowed 
the gases held In the earth to respond to their natural elas- 
ticity and find an exit. He observed only three will o* the 
wisp phenomena and each on o different night 


The first came out of the earth, arose to a height of ten to 
flfte<*n feet and with a slight report dlsai^ared. The second 
moved horizontally, was followed by the investigator until it 
was borne over a river by the wind and disappeared. The 
third brought the opportunity for an experiment which the 
observer had tried to make before but without success. He 
c’arrled out the experittM^nt In the parish of St. Domino near 
the little church “Ascension,” alK)uc two miles from Bologna. 
This church was near a brook in which years before three sti- 
ver offering bowls of beautiful old Roman work bad been 
found. This region was especially rich In will o* the wiflqp. 
The peasants thereabouts were superstitious and believed 
these flames to be the burnings of souls. Be had spent several 
evenings there in vain but on the night following what Is 
called there the “Northern Light Night” In October, he was 
rewarded. He was tired from traveling and stopped at the 
house of the peasant in whose field the lights were said to 
appear. He opened the window which looked out upon the 
field and toward eleven o'clock the much desired light ap- 
peared. With a stick on the end of which was fastened a 
piece of easily Ignltable oakum, he rushed to the place while 
the peasants flocked to the windows and doors. When within 
about twenty steps of the light he stopped to observe It. it 
had the form and color of an ordinary flame but had a* light 
smoke. It was almost five inches thick and moved slowly 
forward from the south to the north Upon his approach, it 
changed its direction, increased Its distance from him and 
arose. By a very quick motion with the stick, he was able 
to pass the oakum through the flame and the former instantly 
Ignited and by swinging it above his head, the peasants distin- 
guished the flame from that of the phenomenon. Soon the 
will o' the wisp went out at a height of twelve to eighteen feet. 
It reappeared (if It was not another) but was much smaller 
and at a distance. The observer ran toward where it ap- 
peared but It went out and he was never able to see any 
others In that locality again. The ashes of the oakum did not 
smell as phosphorous does but had a very peculiar and strong 
o<lor which he thought was not unlike ammonia and sulphur. 

Herr Vogel, an astronon^r of Leipzig, observed this phe- 
nomenon twice. He iflrst saw tlie will o' the wisp In Saxony 
on a dark rainy night of September, 1849, when he was Jour- 
neying between two cities with friends. Two or three hun- 
dred feet from the road there was a swampy tract of land on 
which little flames were to be seen. The neighboring peas- 
ants declared this phenomenon to be common In that locality 
In November of the same year he observed will o' the wisp In 
great quantity Just outside of one of the gates of Leipzig. 
He went to the palace to investigate on a cold, bright evening. 
The ground on which the flames appeared was not very 
large, was damp and had been recently threaded with small 
ditches. After some time he saw a faint light in one of these 
ditches and saw a little flame about as bright as the glow of a 
lightly rubbed match gives out, and Its brilliancy very simi- 
larly increased and decreased, It came and went with a 
period of about three seconds. This he observed for several 
minutes and was able to detect no odor or smoke. The flame 
lighted about three inches of the bottom of the ditch and 
was about one inch In height. Herr Vogel believed the phe- 
nomenon exactly like that he had previously seen except 
that in the first case the flames were much more numerous so 
that they had almost the appearance of moonlight on water 
in motion. He could detect no motion of the flame but when 
one went out and another came In its place It had the ap- 
pearance of motion. A railroad guard told Herr Vogel that a 
quantity of glow worms had rec^itly covered that ground. 
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From the Freadi Encyclopedia, eome of the foUowlng facta 
.were taken: **WU1 o’ the wiap are irregular lights whicli can 
be seen plainly at night around cemeteries and marshy places. 
The will o* the wlsp has the aspect of a flame tenMoated by an 
aigrette which resembles the crown of a bird. It Is visible 
especially in the autumn at calm times. This apparition is an 
object of fright for the peasants who believe they see a soul 
in pain. All contemporary works consider this phenomenon 
a luminous exhaling and the chemists are of the same mind. 
According to the latter the phenomenon proves organic mat- 
ter in decomposition which gives oft large bubbles of hydrogen 
phosphorous gas which is rendered spontaneously Inflamma- 
ble In the air by a small quantity of hydrogen phosphorous 
liquid. This explanation seems true as to the substance of 
the will o’ the wisp as witnessed by the odor of phosphorous 
which the phenomenon leaves for some time after it has dis- 
appeared but does not coincide exactly with the facts. In 
reality the will o* the wisp will burn for ton, twenty or thirty 
seconds and rarely for several mlnutej and does not produce 
smoke, set things on fire, or even heat the herbs on which it 
rests. It must necessarily be admitted that, in the gas 
which makes np the 'feux follet,’ the proportion of hydrogen 
phosphorous liquid la very slight to cause the spontaneous 
flaming up in the air and also that the phenomenon shines 
by phosphorescence only.” 

Another occurrence of these phenomena was rex>orted as hav- 
ing occurred on Sunday, December 22, 1839, between five and 
nine o'clock In the evening on the streets of Fontalnbleau in 
France. The weather was calm and rainy and phosphorescent 
flames arose from muddy puddles In many streets of the city 
and produced upon leaving the water a crackling noise 
Wherever these flames were observed, the air seemed to be 
filled with a thick phosphorous smoke. Stirring the water in 
the puddles Increased the number of flames which appeared. 

From the American Encyclopedia the facts given In this 
paragraph were obtained: ’’Benighted travelers are some- 
times said to have been misled into marshy places by the 
will o' the wisp which they thought were candles at a distance. 
The will o' the wisp are frequent about burying places and 
dung hills and certain countries are remarkable for the oc- 
currence of this phenomenon, especially Italy, Spain and 
Ethlopa. It avoids the approach of anyone and flits from 
place to place as if animated. A certain Dr. Derham was able 
to get so near to a will o* the wisp that he had a very ad- 
vantageous view of it. This was in some boggy ground be- 
tween two rocky hills. It was a dark, calm night and he was 
able to advance within two or three yards of It. It appeared 
as a complete undivided body of light so that it could not 
have been occnsloned by Insects, and it kept dancing about a 
dead thistle. On his near approach It Jumped to a new place 
and kept flying before him as he moved,” 

Monsieur Baccarl\ learned that two of these lights appeared 
in the plains about Bologna, one north, the other south of that 
city and were to be seen almost every dark night One of 
these appeared to a gentleman of his acquaintance as he was 
traveling. It moved constantly before him for about a mile 
and gave a better light than a torch. Both of these lights were 
reported as giving a very strong light and were constantly In 
motion Sometimes they would rise, sometimes sink, but as u 
rule would hover about six feet albove the ground. They would 
also disappear frequently and suddenly reappear in some other 
place. They differed also in size and shape, sometimes spread- 
ing wide, and then contracting, sometimes breaking into two 
parts and then Joining again. They would at times appear like 
waves, at others sparks would seem to fall from them They 
were but little affected by the wind and In wet and stormy 
weather they were frequently observed to cast a stronger 
light than In dry weather. They were also observed more 
frequently when snow lay upon the ground than in the hottest 
summer. The ground near Bologna where the largest of these 
lights was observed Is a hard chalky soil mixed with clay, 
wbl^h retains moisture long, but «breakB and cracks in hot 


weather. On the mountains where the soil Is more loosely 
held together the will o' the wtsp were not seen as often but 
seemed to choose regions near rivers or brooks. 

Another record given by M. Baccarl Is as follows : *‘An In- 
telligent gentleman traveling in the evening between six and 
nine o’clock on a mountainous road about ten miles south 
of Bologna, perceived a light which shone very strangely upon 
some stones near water. In size and figure It had the appear- 
ance of a parallelepiped about one foot in" length and half a 
foot high, the longest side being parallel to the horizon. Its 
light was so strong that he could see by it part of the neigh- 
boring hedge and the water in the river; only In the east 
corner of it the light was rather faint and the square figure 
less perfect, as if it was out off or darkened by the segment 
of a circle. On examining it a little nearer, he was sur- 
prised to find that It changed gradually from a bright red to 
a yellowish, and then to a pale color In proportion os he 
drew near; and when he came to the place itself it quite 
vanished. Upon this, he stepped back and not only saw it 
again but found that the farther he went from It the stronger 
and brighter it grew. When he examined the place of this 
luminous appearance, he could perceive no smell or any other 
mark of fire.” Another gentleman Informed M. Beccari that 
he had seen the same light five or six different times in * 
spring and autumn and that It always appeared of the same 
shape and In the very same place, One night In particular, 
be observed it come out of a neighboring field to settle In the 
usual place. 

A very remarkable account of the will o' the wisp Is given 
by Dr. Shaw In his “Travels In the Holy I^nd,” It appeared ^ 
in the valley of Ephraim and attended him and his company'^' 
for above an hour. Sometimes It appeared globular or like 
a candle flame; at others It spread to such a degree as to 
Involve the whole company In a pale Inoffensive light; then 
contracted Itself and suddenly disappeared, but in less than a 
minute It would appear again; sometimes miming swiftly 
along, It would expand Itself at certain Intervals over more 
than two or three acres of the adjacent mountains. The at- 
mosphere from the beginning of the evening had been remark- 
nbly thick and hazy ; and the dew as they felt it on the bridles 
of their horses was very dummy and noxious. 

Similar lights are seen skipping around the riggings of 
ships at sea under similar weather conditions according to 
Dr. Shaw. We are told of one which appeared about the bed 
of a woman hi Milan, surrounding It as well as her body en- 
tirely This light fled from the hand which approached It 
but was at length entirely dlsiiersed by the motion of the air. 

Scotland’s Blfs candles may be of this nature These are 
supposed, upon appearance, to prophesy a death and have 
been known to set fire to grain stacks They are a great terror 
to the people They will avoid a drawn sword or sharp 
polntefl Iron Instrument and from that we reason that they 
are electrical phenomena 

The American Kncych^pedia also speaks of Sir Isaac New- 
ton’s calling the will o’ the wisp vapor shining without heat 
and maintaining that it Is as different from flame as shining 
rotten wood is different from red hot coals. The author then 
goes ahead to prove, to hts satisfaction, that the W'hole phe- 
nomenon is a result of the “electrical fluid.” 

After considering the foregoing statements, we are led to 
the conclusion that the phenomenon has not as yet been sat- 
fisfar-torlly explained The flames seem to set fire to them- 
selves us does phosphated hjdrogen or Marsh gas. They seem 
to be petmliar to certain localitleH and common at those places. 

It would seem that the ability of the will o* the wisp to Ignite 
other material with which it comes In contact depends upon 
Its volume. The brightness, warmth, smoke and odor may In 
large quantities become e\ldent W'hlle the same may be want- 
ing in small amounts. On aceotint of the feeble light of the 
flumes ns usually ol)ser^ed, the will o’ the wisp might be 
thought of a simply phosphorewvnt gas If it were not for the 
e\i>erliuent of setting fire to the oakum by It. . 



External Galaxies* 

Are There Other Stellar Systems Similar to Our Own? 

By Harlow Shapley 


I N the present state of nMtioph> sleut knowledge, the prob- 
lem of the exist enee of external steUiir s 3 'h terns similar to 
our (talaxy reduces almost Immediately to the problem of 
the slat ns of spiral nebulae in the salerenl universe. In treat- 
ing this question we miist deal iirlnmrlly with the ^Msland- 
unUerHc” hyiKdhosIs of spirals —an Interpretation of long 
stupdtng, which at the piesent tlnio has many adherents 
and appears to bo growing In general acceptance' 

The recent work on star cluslers, in so far as it throw's 
some light on the probable extent ami structure of the galacHc 
system, Justifies u brief reconsideration of the question of 
external galaxies, and apimrently leads to the rejection of the 
hypothesis that spiral nebulae should be Interpreted as sep- 
arate stellar systems. During the last two or three years a 
conslderafble amount of observational material bearing on 
the problem has come to hand, much of which was either not 
known or not fully considered by previous welters on the 
subject. 

Four classes of objects, other than spiral and closely asso- 
ciated nebulae, have at times been suggested as possible ex- 
ternal galaxies, the first three of which may be dismissed as no 
longer open to such Interpretation: (1) Large itar cloutla of 
the Milky Way: the affiliation with the galactic region and 
Its characteristic population shows them to be a fundamental 
part of the galactic system; (2) The Magellanic Cloudu the 
apparent magnitudes of their short-period variable stars de- 
termine definitely the order of the distance and alsse of these 
detached stellar systems, and prove them to be small In com- 
parison with the galactic system;* (3) Globular clusters* those 
so far discttvertnl are recognised now as dependents of the 
galactic system, although in many respects they are minia- 
tures of tlic Galaxy and apparently for the most part are ex- 
ternal to the regions where most of the galactic stars are 
found; (4) Various peculiar nebulae and nebulous stars cim- 
cernlng them little Is known, but in most <*ases they are to be 
classed with the ordinary gaseous nebulae (which are clearly 
nssoclatod with the Milky AVay), or with peculiar typt's of 
individual stars, or with the faint spirals. 

OUTUNB OK l'\JUEN<E nK\RlNG ON THE “iSIAMl UM\TCRSK” 
nYVOTHKSlS. 

The relation of the spirals to the galactic system is not ho 
easily disposed of as the cases ftmsidered abo>e In support 
or in partial support of the hyiK»thesls that spirals are ex- 
ternal stellar systems arguments based on tiic foUowMng four 
points may be advanced . 

(a) Distribution wdth respect to the galactic plane, assum- 
ing obstruction of light in and near the Milky Way.* 

(/i) High radial velocities. 

(c) Certain spectral characteristics, 

(rt) Some evidences of great distanw 

•Krom the PuhlicationB of the Astronoinkmi Society of the Pacific 
for October, 1919 Ileprlnted in the JoNmai of the Ropai Astfonom 
icol Bociety of Vanada, Docomber, 1019 
^Amottg apeciai ililAcuflsiODa of the theory, three shoutfd be men- 
tioned; an artkae by ruiaeux, “Spiml Nebulae," Heme SeientifltiHe, 
AprU 0, 1912; Crommelln’s iMuper **Are the Spiral NeAmlae External 
OalaxlM?" Scientio, Vol 21, p 365, 1017 (reprlnited In the Joarael 
of the Royal Astrononiical Bodety of Canada, Vol. 12, 33, 1018) ; and 
the recent addireea by Curtis, "Modem Theories of Spiral Nebulae" 
Journal Of the Washington Academy of Boicnoes, Vol. 9, 217^ 1910 
Itj all of these the evidence is to be favorable to the "Island 
unlrersb'* tlieory The arguments reviewed and extsntded by Curtis 
are so fully and dearly expressed that they may be taken as pre- 
senting the case for the stellar Interpretation of spiral nebulae. 
The alternative theory that the spirals are not stellar has bi*eir 
Ynatiitainod Ultle, if at all, In recent >ears 

WiUon Qonti , No. 151, pp 20 and 2\ 1017; No. 152, p 

2, 1017 


l^icss definite propositions that may be ranged on this std9 
of the question are: 

(c) Improbability of a single galactic system in the sidereal 
universe : 

</) Physical up|>eurant*c of a few of the spirals. 

iff) Uesemblunt'c of structure in spirals to hypothetical 
spiral structure of the Milky Way System. 

In the light of recent studies of nebulae and the galactic 
system the arguments founded on the seven foregoing points 
do not upi)ear to establisii the stellar interpretation ; and none 
ot them appears to be particularly troublesome for the hypoth- 
esis that the spiral nebulae are not external stellar systems. 
Many of these arguments in fact, are better interpreted ae- 
<'ordlng to this alternative theory that spiral nebulae are 
truly nebular objects. 

Five additional points, which are apparently of much weight, 
and, taken together, seem decidedly unfavorable to the stellar 
interpretation of spirals, are as follows: 

(70 New conception of the dimensions of the galactic 
system. 

(y) Measures of internal motion in spiral nebulae. 

(;) The occurrence of novae in sidrals and their magnitudes 
at maximum. 

(k) The systematic nature of the radial motions of spirals. 

(/) The probable dependence of their dlstriibution on galac- 
tic position. 

Some of the foregoing are not cotnpletely Independent of 
each other* Four further points of less weight that may be 
suggested as opiwsed to the "island universe" theory are: 

(Ml) Tlie iiossibllity of formulating a fairly satisfactory 
nelmlar theory of the siurals. 

(a) Direct I V measured parallaxes* 

(o) Tlie dota of proi>er motion rehitlvo to mean distances 
and drifts 

(p) The apparent abM<»nce of a central niwleus In the ga- 
lactic system 

R> MARKS ox THE VRIX( ICAT 1»01NTS FAVORING TUK "ISLAND 
UNUEKSE” HYPOTHESIS 

a and L The well-known avoidance of low galactic latitude 
by spiral nebulae, anil the progressive but irregular concentra- 
tion to the galactic poles, is most naturally taken as evidence 
that the distribution of sidrals and galactic stars Is to a certain 
extent complementary; therefore, that the spirals are de- 
pendent and subordinate factors of the general system. It 
would be difficult indeed to believe that external and Inde- 
liendeut stellar "universes" could exhibit such striking rela- 
tions to our particular stellar system when, In addition to 
this atvparent dependence of dlstriibution of galactic latitude, 
we also note: first, .that the avoidance by spirals (particularly 
by the brighter ones) is greatest In the direction of the galac- 
tic center where the stars, globular clusters, planetary nebu- 
lae, etc., are most numerous, and that the avoidance is least 
in the northern hemisphere where the Milky Way Is the thin- 
nest and globular clpsters are totally absent; and, second, 
that the radial v^ocities observed are not random, but have a 
definite relation to the galactic system and perhaps even 
depend on the angular distance from an apical point In or 
near the Milky Way,* 

On the other hand, Campbell,* Curtis,* and others have 
too. 226. 

*Vor instance, the roliie of f may invoUve a partial acceptance of A, 

■van Mloanen, Kt Wilson Conir , No 158, 1918. 

Wilson Conir,, No. 161, Section VII, 1918. Cf. also reference 
beJow to work by Wlrta. 

^Science, N. 45, 581, 1017. 
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proposed that spirals may actually be distributed at random» 
and that the apparent distribution with reepect to the Galaxy 
can be explained by assuming that obstructing matter encircles 
the galactic discoid— dark occulting nebulosity analogous to 
that observed in the peripheral equatorial r^ons of many 
spiral nebulae. Patches of dark nebulosity certainly exist 
in the galactic system, at no great distance from the Sun, and 
It is quite possible that the apparent avoidance of the lowest 
latitudes by globular clnstera la due to such material.* Spirals 
ill the galactic plane beyond the confines of our system would 
bd occulted as readily as globular clusters. In general, tbe 
observed distribution could be secured by liberal use of the 
hypothetical encircling opaque material. 

The ^region avoided by spirals, however, particularly in tbe 
southern hemisphere, is many times wider than that avoided by 
globular clusters. A great area of the southern sky (well out 
oi the Milky Way)” Is quite transparent both to near and to 
extremely distant globular clusters, but It Is practically devoid 
of s]pira-nebulae sufficiently bright to have been observed. We 
mkist conclude, it appears^ either that the spirals, whether 
nikr or distant, do not exist In that direction, or that there 
isj a mMt renqarkable arrangement of obscuring patches that 
eymloates all spirals but leaves a normal distribution of 
globular dusters." 

,t, A fls^ years ago Sllpher's discovery that spiral nebulae 
ai a cla^ have extraordlnsry high radial velodtles gave new 
llj^e hr ^ the theory that these Objects are distant stellar sys- 
tems." The average mo.tlon of the various types of stars and 
n^biUae'has beeq contrasted many times and the argument ad- 
v^nc^ that, galactic objects have reasonably small 

vstocltles, these pecullady hiSh values should therefore be 
attributed to separate "universes.” During the last few years, 
however, tb}s siappp^ Is^tion of tlie spirals has been altered. 
>^116 their average radial velocity exceeds 600 km/sec. It 
Ig less tlian 400 km/sec for one<thlrd of them. A number of 
galactic stars are now known with space velodtles equal to 
0 ^ In excess of 400 km/sec. With the. extension of the Investl- 

S 8 of proiMr motion and radial velodty to the fainter 
tudes many high stellar veloeltlea are being found.** 
'globular clusters," which are certainly subordinate to 
tSH galactic system, have radial velodtles between 100 and 
kzq/aec, and the great Magellanic clouds" also appear to 
b^e very high velocities of recession. Hence this argument 
ot’Tpecnllarlty Ip vejiocity seems no longer an Important one 
f6r the “Island universe" theory. High speed is not a condi- 
tion Impossible of production by the forces Inherent in our 
ghlactlc system. 

0. The integrated and nucleor spectra of spirals are pre- 
dominantly of a stellar type — usually resembling claas G or K. 
With small dispersion the composite spectrum of a mixed 
group of stars, suclh as a globular cluster or a galactic system, 
would appear much the same. On the other hand bright lines 
a|re also found occasionally, and Seares's preliminary work 
op the distribution of color would Indicate a much bluer spec- 
tral type for the nebular condensations In a spiral than for 
the nucleus." 

' *8haple7, Pvooeetffnpf of the Nationol Academy of Sdenoea, S, 844, 
1819. 

I MBetwMn galactic latltiidea 

"A third explanation that splrala, as compared «lt)i globnlar clue- 
ten, ace very near to the sOlar syetom cannot be accepted in the 
face of other evldenieee of distance 
wniat the large l)nedisplacements in the spectra of .spiral nebolao 
ehonid bo atbrthnted to motion In the Una of eight apphane to be as- 
enred by a eonalderatloa of the (olloiwlng polnta: (1) The dlapUee- 
ntaota are both poeltlvo and negative ; (2) the appropriate relation 
of Shift to wave-length ie obeeinred; (S) orbital moUono la eeltpslag 
blnarlee ocooalonaSily Show dlaplacoments of the ssme order of msg- 
nltudo; (4) in Unesr velocity the rotation obaerved spoetroseoplcally 
In aomo qtlrali approocheo tbe veloelty In the line of sight 
"Adams and Joy, Ut. WOeon Oontr. No. 168, 1919 «f. Wolf’s tea- 
qnont notes on large proper motlonii in recent vetnmta on the Astro- 
nemisohe Noohrichten. 

"Jft Witeon Oontr, No IM, p 12, 1918, 

"B. B Wilson, Proa, Nat. Acad got, 1, 188, 1916. 

"Vt. Wilson Oemmsnioation, No, 88, 1916. 


The analogy of the nbaorptloa spectrum of spirals with flie 
compoalte spoctmm of a stpUar systSm cannot tie carried 
very far, however, until higher dispersion has been used. We 
should remember tiiat for many years stars dUCering so enor- 
mously In density, volume, and mass aa the giant and dwarf 
edlpslng binaries of type Q were riasaed togethmr without 
question. Sidereal bodies in extremely dlflbrent physical 
states obviously may give ckteely comparable spoctra on the 
small dispersion that has been used for spiral nebulae. 

d and f. With one or two possible exceptfona the aecondary 
nuclei in spiral nebulae are so distinctly nebulous that they 
cannot be considered individual stars. Even in Messier 88. 
probably tbe most ooasplcaonsly nucleated of the brighter 
spirals. It is easy on large-scale plates to distinguish between 
the superposed stellar Images and the “softer” nebular 'con- 
densations. It is possible, however, to see a resemblance of 
these diffuse nebulous objects to extremely distant stellar 
clusters," but unless we introduce further unverified assump- 
tions the analogy breaks down when the observed colors are 
intercompared. 

EVIDENCK UNFAVOHABLX TO THE “ISIAMD UNIVBB8E” HYPOTHESIS. 

The observational and theoretical evidence against the stel- 
lar interpretation of spiral nebulae has already been discussed 
In various earlier papers on clusters," In the present artlde 
space will be taken for only a brief smumary of the argu- 
ments. 

h. Formerly we compared any hypothetical external galaxy 
with a stellar system supposedly about 10,000 or 20,000 light- 
years in diameter, llecent studies of the galactic system indi- 
cate that Its greatest diameter Is not less than 800,000 light- 
years This newer conception greatly embarrasses the Inter- 
pretation of spirals as stellar organisations of a slxe com- 
parable to that of the Galaxy. To be linearly as great as 
this, though angularly small, demands a distance from the 
Earth, even for the spirals of largest angular size, that would 
completely discredit many observational results. For example, 
if any bright spiral of 10' greatest apparent, diameter has an 
actual diameter directly comparable with that of the galactic 
system, its distance must be greater than a hundred million 
light-years. 

i. Under such circumstances the measures of internal mo- 
tion by van Maanen, Kostlosky, and Lampland, would need 
to be summarily rejected. For instance, van Maanen's" careful 
measures of the nebulous points In Messier 101 would Indicate 
rotational velocities greater than the velocity of light If that 
spiral Is held to be even onenfiftb as large as our Galaxy now 
appears to be. Similarly, the systematic drift derived by 
Wlrtx" from a study of several hundred spirals, and the aver- 
age proper motions suggested by the studies of Wlrtz and 
Curtis" would Indicate appalling velocities In space — quite 
Irreconcilable with the spectroscopically measured velodtles of 
translation and rotation. 

f. Moreover, If In real dimensions spiral nebulae were analo- 
gous to our galactic system, the absolute magnitude of the 
novae In spirals would far transcend any luminosity with 
which we are acquainted, and would be at direct variance vdtb 
present results on Intrinsic stellar brightness. For at the 
distance computed above tbe abeolute magnitude of a nova of 
the sixteenths apparent magnitude would be —16, nearly two 
hundred thousand times as bright aa tbe novae of the galactic 
system for which van Maanen has determined tbe absUlute 
luminosities." An upper limit to the intrinsic brightness at- 

"PubUeoHoiu Aotr. Soo. Foe, 29. W, 191T. 

"/MA. Se, 42. 198 ; Mt. Wiletm Oontr., N«. 157, p. 1. 1018. and No. 
161. floetlona Til and VIII, 1918. 

"jr*. Wttoon Oontr., No 118, 1916. 

»Aotronomtoato NoonrUhton, 361, 197, 298, 1016 : 364, 28, 1917 : 
364. 100, 1018. 

■Fob. Att. Boo Poo., 37, 217. 1916. In ro beoqnont retmnoM Curtlo 
baa atatod hli lack ot conddeneo in tbo rooUty o( Ulo obeerrod 
proper mofiooB. Jour. Woab. Aeod. gel.. 9, 231. 1010. Tbo avoras* 
tUno Interval Mweon drat and ooeond obaorvatlona to 18 yearn and 
40 yean renpeetively. In tbe InveatlsntloBa by Cnrtto and by Wlrta. 

"Of. Puh. Aot. Boo. Poo., 81. 284. 1910. 
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taioable by stars is sug^sted by recent observational and 
theoretical work, and this limit is much fainter than —16. 
The study of globolar clusters, for example, has yl^ded suffi- 
cient knowledge of the luminosity of more than a million 
stars to show that not one is within ten ’magnitudes of this 
enormous brightness. The luminosity of about 2,000 stars of 
the solar environs Is now known, and probably none Is even 
a ten-thousandth as luminous us absolute magnitude — 16. 
Hence stellar luminosities of this order stH>m out of the ques- 
tion, and accordingly the close comparability of spirals con- 
taining such novae to our Galaxy appears inadmissible. 

Let us abandon the comparison with the Galaxy and assume 
an average distance for the brighter ^Irals" that will give a 
reasonable maximum absolute magnitude for the novae. Then 
the measured internal motions also t>eGome reasonable and In 
good agreement with spectroscopically determined rotational 
velocities; likewise the distances beciiine reconcilable with the 
data from proper motion. 

The simple hypothesis^ that the novae in spirals represent 
the running down of ordinary galactic stars by the rapidly 
moving nebulosity becomes a ix»88lbillty on this basis of dis- 
tance, for the brighter spirals are wifhln the edges of the 
galactic system. Further, it is possible to explain the pe- 
culiar distribution of spirals and Iheir systematic recession 
by supposing them repelled in some manner from the galactic 
system, which appears to move us u whole through a nebular 
field of Indefinite extent.”^ But the possibility of these hy- 
potheses is of course not proposed as <x)mpetent evidence 
against the “Island universe” theory 

cown.rsioNK. 

Observation and discussion of the radial velocities, Internal 
motions, and distribution of spiral nebulae, of the real and 
apparent brightness of novae, of the maximum luminosity of 
galactic and cluster stars, and finally of the dimensions of 
our own galactic system, all seem definitely to oppose the 
“Island universe” hypothesis of the spiral nebulae Data re- 
lating to proper motion are also in better harmony with the 
hypothesis that spiral nebulae are not stellar systems. The 
evidence now supporting the “Island universe” interpretation 
appears unconvincing, for many of the best arguments for- 
merly proposed on that side of the question have been in- 
validated or much weakened by recent research. We have, 
however, no evidence that somewhere in eqf>aee there are not 
other galaxies; we can only conclude that the most distant 
sidereal organisations now recognized — globular clusters, 
ftiagellanlc clouds, spiral nebulae — cannot successfully main- 
tain their claims to galactic structure and dimensions. 


THE USE OF SELENIUM CELLS IN ASTRONOMY. 

By Lkwis J. Boss 

Sklenium Is a non-metallic element, occupying the interme- 
diate space between Sulphur and Tellurium. It was discov- 
ered In 1817 by Berzelius while he was experimenting with 
the Falun pyrites, with a view towards producing sulphuric 
add from themt Selenium is obtained in three different forms, 
namely, amorphous, vitreous, and colloidal selenium. There 
is also another modification of selenium, known as metallic 
selenium. Of these we need only be concerned with the vlt* 
reous and metallic forms. 

The metallic form of selenium is produced from the vitreous 

WProTlitonally. Uii u« say, oi order of 20,000 light-years. If 
novae in npirals attain ewarent magnitude 10, certainly bright stars, 
if present, should be easily photographed, and the failure to resolve 
the brightest spirals indicates that they are not composed of typical 
stars. (Of. a suggestion on the origin and constitution of spiral 
nciMriaei, Jff. Wilson Oontr, No 161, p 20, and also the mathematical 
theory by Jeans, jroHthlp NoNoes 77, 186, 1017). At a distanca of 
20,000 light-years, if there were ordinary stars of absolute magni- 
tudes between 0 and -h 6, they would appear of magnttodsi 14 to 10, 
and therefore conspicuous on ordiniary photographa. Ibren tf 200,000 
light-years distant, the giant stars woidd be easUy resolved on 
existing photographs. 

MMb. A$t. SWK Poo, 16. 68, 1010. 

•Mi. Wilson Conlr., No. 161, flectitos VH and VHl. 1018. 


generally, and is the only modification of the element which 
is light seusltiva The vitreous selenium Is gradually heated 
until the temperature approaches 100*0. and then begins to 
pass lapldly Into the metallic state, the temperature rising 
at 217*0. 

This metallic selenium conducts electricity and exposure 
to light Increases Its conductivity. This effect is most pro- 
nounced when selenium Is used which has U^en exposed for a 
considerable time to a temperature of 210*0, until it has at- 
tained a granular crystalline structure. 

This final annealing is very essential to making the most 
sensitive and delicate cells. The selenium must be as pure as 
possible, as Marc bas observed that impure solenium does not 
crystallize as well In a given time as does pure selenium As a 
matter of interest it might be well to note here that In selen- 
ium crystals an X-ray analysis shows the selenium atoms to 
be placed at the corners of triangles In such n manner as to 
form hexagons. The distance between these atomic cemters 
IS 3 60 X 10^ cm when meH^tun^l i»eri»eiidlcular to a regular 
surface running parallel to the principal axis. These hexagonal 
plates are fitted one against the other lengthwise, so as to 
build up an aclcular hexagonal crystal. The distance between 
these as shown by the X-ray siiectrum seems to be 8.7 x 10-* 
cm., or :17 millionths of a centimeter 

After this cr>*8tallinc state has been attained by the selen- 
ium cell it becomes very sensitive to even the most minute 
changes and variations in the amount of light allowed to 
fall upc>n It. Grupenberg has produced cells which recorded 
changes of one-hundredth candle power at a distance of a 
mile As Marc has calculated the thickness of the selenium 
layer which is affected by the light action to be about 
1/1,500,000 inch thick, It can be readily seen that small varia- 
tion’s in light intensity will greatly affect the conductivity of 
the cell. This change also takes place almost instantly, at 
least the lapse of time Is less than 01 second. There does not 
seem to be any appreciable difference in the action of the cell 
whether the light striping it is colored or not, although no 
one has studied this phase of the subject to any great extent. 
Personally 1 have thought that on some cells at least, certain 
wave-lengths of light, notably X 680-660 (between the B and O 
lines of the spectrum) affected them to a greater extent than 
did other portions of the spectrum 

The field of variable star observations seems to open up a 
vast field for the use of these cells in that they will detect the 
smallest changes in light variations where Uie eye could see 
no change whatever. Many stars, such as a Orlonis whose 
period has never been determined, offer a field of great Interest 
to observers who may elect to make use of these cells. By 
means of a suitable indicating device a continuous curve of 
light variations may bo traced throughout the night. 

These cells may be used in determining the relative amount 
of light given off by an eclipsed body and, if calibrated before- 
hand, could be made to read in direct light units During 
lunar total eclipses they might be used to measure the amount 
of earth-light received by the moon. 

Another use to which they might well be put is the com- 
parison of magnitudes and brilliancy of stars. For instance 
let the cell be arranged to rec^ve the light from star A (let 
us say) ; then after noting on the indicating device (galvano- 
meter, etc.) the deflection produced by the light of star A, 
swing the cell so that it receives the light from star B. If 
the deflection Is the same, then star A and star B are of the 
same magnitude, but if the readings differ, then the proportion 
of difference in the readings is the proportion of difference in 
the magnitude. In this same way the cells might advanta- 
geously be used in recording brilliancy changes in Novae. 

In view of the great delicacy and sensitivity of these cells 
it is to be hoped that they will become the subject of more 
research in the future than they have in the past, and that 
they may aid in the advancement of man’s most sublime 
the magnitude. In this same way the cells might advanta- 
sclence— Astronomy.— Reprinted from Popular Aitronomy, 
March, 1920. 



The Fear of Being Buried Alive 

Infallible Signs of Death 


I N former times there was u \er> widespread fear among all 
^^lasseR of soeicly of "burial alive” while in a comatose 
(^mcliUon or what was generally known as a trance. Many 
people took elaborate precautions to prevent such a catas- 
trophe, the fear of which was exaggerated by gruesome tales 
(xincerning open coffins wherein the corpses were found to 
have turned upon one side as If writhing in a vain attempt to 
escape the hUlemis death of suffocation, or where if placed 
In vaults they had gnawetl their own fingers to tl>e bone In the 
piteous effort to keep from starving and with a lingering hope 
that help might come before it was too late. Some persons 
went so far as to have coffins with plates of glass set In 
them, to have graves prepared with air shafts and to have 
tiwfnbs provided with various kinds of signalling apparatus. 
In 1824, Hufelend hud a mausoleum built in Weimar, in which 
the biers were so arranged as to be connected with an alarm 
l)y means of threads fastened to the fingers and toes of the 
corpses, and a similar building was erected ten years later in 
Leipzig. 

Headers of Bdgar Allen Poe will recall that one of his most 
thrilling and hair raising tales deals with the case of a man 
who was possessed by such a fear of living Interment, and had 
similar precautionary devices In his own home. Being obliged 
to take a journey, however^ he awoke suddenly one night 
to the dreadful consciousness that his worst fears had been 
realized. The dank smell of earth was in his nostrils, he wan 
apparently clad only in a shroud, and when with mounting 
horror he tried to rise, his bend came In contact with a 
smooth board only a foot or two above him. He felt that 
the worst had happened* He must have gone Into a trance 
and been hastily burled by the hands of strangers only to 
wake to face a hideous death by the torture of suffocation 
or hunger. Happily, returning memory reminded him In 
a few moments that he had taken passage upon a Potomac 
river boat the night before and was at present clad In his 
usual night garments and reposing In a narrow lower bunk 
upon a vessel which happened to be carrying a load of earth 
Many are the romances based upon the phenomenon of 
the sluvulated death of a living person, the tragedy (»f Romeo 
and Juliet being perhaps the most famous of all Such cases 
aboimd also In both medieval and ancient European litera- 
ture, in Eastern collections of tales such as ttie Arabian 
Nights, and finally In the folk-lore of many lands — as witness 
the chnmilng story retold by Grimm of the Seven Dwarfs and 
their vigil over what seemed the lifeless but incorruptible body 
of the gentle maiden whom a Jealous step-mother had tried to 
kill with a poisoned comb 

Some animals endeavor to escape their enemies by assuming 
a rigid and lifeless appearance Wlien threatened, remaining 
perfectly motionless, oven when touched or handled. The 
opossum Is the creature moat celebrated for this trick of 
"playing dead,” but various other animals and insects ex- 
hibit It. 

Strangest of all In this connection is the practice among 
the devotees of certain Eastern cults, notably in India, of 
inducing a condition of simulated death by means of fasting, 
prayer, intensive meditation, and other acts of self-hypnosis. 
It Is even claimed by some of Uiein that while In this state 
the iKHly may be actually burletl In the earth for many days. 
During this period of What may be culled vital qtileaccnce the. 
soul Is supposed to be able to leave the iHMly and range at will 
In other spheres, returning finally enriched by rare spirit- 
ual experience. Even Christian annals contain many accounts 
of supposed Jiiumeys to heaven or to hell on the part of 
the soul while the body lay locked In death-like trance. 

Matty of the remarkable visions described by persons emerg- 
ing from such a suspension of physical activities and sensa- 


tions were undoubtedly related with absolute sincerity, and 
not Infrequently the subsequent conduct of the individual was 
governed by ideas entering the mind during the supposed ab- 
sence of the soul from the body. Here we trend upon the still 
more or less mysterious domain of the "sub-conscious mind,” 
It woukl in fact be extremely interesting to examine some of 
these well-authenticated accounts of "unearthly Tlslons” in 
the light of modem methods of psycho-analysis. But this 
would lead us too far afield for the purposes of the present 
paper, whose chief object Is the statement of certain infallible 
signs and tests of death. 

Since many people still suffer from such forebodings, though 
the fear of being burled alive Is by no means so widely preva- 
lent as formerly, it is of interest to know what are the true 
and unmistakable signs of actual death. The subject Is 
interestingly treated in Ko$mo$ (Stuttgart) of February US, 
1920 The writer remarks that by the expression "apparent 
death” we understand a condition In which a person presents 
the appearance of a corpse though still actually alive. It may 
be remarked that the better knowledge one has of the 
signs of death the less likely he Is to be deceived by 
a simulated death. Children and wild animals may take a 
pc^rson lying in a faint to be dead, whereas an adult will at 
once know by his breathing that be is still alive. In the same 
way every zoologist knows that a fish or a frog can be 
frozen absolutely stiff and yet be alive, although not giving the 
slightest outward sign of life; indeed such a frozen animal 
^an actually be cut to pieces without giving any evidence of 
sensation. At the present time it Is extremely rare for a 
mistake to be made in this matter, because of more general 
education as well as of the greater skill of physicians than In 
earlier days. In the great majority of cases death comes with 
the Implacable certainty of natural law. In such fevers as 
frequently end in death, such as scarlet fever, typhus fever, 
diphtheria, pneumonia, influenza, peritonitis, and inflamma- 
tion of the membranes of the brain, or In blood poisoning, 
the dying person who has previously hud a high flush and 
has been breathing rapidly and has had a rapid heart beat 
becomes pale and cold while his pulse beat disappears, his 
breath becomes weak and irregular and he finally gives the 
"death rattle,” whlcb is a characteristic sign of the approach 
of death The possibility of any simulation of death la en- 
tirely excluded from this typical coming of the end in a 
demise due to a fever. 

In a second class of deaths, which is very frequent, the 
end comes from the exhaustion of the patient. After weeks or 
months of illness, the latter, who has wasted away till he 
IS little more than a skeleton, becomes so weak that he is 
unable to move or to take nourishment. Such deaths occur 
In chronic tuberculosis, cancer, old age, and the more serious 
forms of nervous and mental maladies. In this class likewise 
the possibility of mistake is absent In a third class after 
the suffering of “n stroke" tliere was formerly considerable 
opportunity for error. For example, a man drops suddenly 
to the ground while talking, while at work, or while crossing 
a street and breathes his last In a few minutes. This man- 
ner of death befalls persons on the far side of fifty whoso 
blood vessels have become brittle, or children whose heart has 
been Injured by the toxin of diphtheria, or convalescents who 
have apparently recovered from an attack of the grippe, ty- 
Idius, etc. In exceptional cases, too, sudden death la due to 
child-birth or to a surgical operation. In such cases a mis- 
take as to actual death Is possible, Indeed, but extremely 
rare. 'Hie manner of death of such h person, who suddenly 
grows pallid, whose respiration falls and whose heart beats 
irregularly with a fluttering pulse, is so characteristic and 
typical that anyone who has observed it, even a few times, 
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am rim no risk of making a mistake as to vrhettier the Tictlm 
Is actnally dead or not The conditions which occasion the 
appearance of death In the living are found in only a small 
group of maladies, p . . Indudlng poisoning with morphine, 
chloroform, veronal, alcohol, coffee, nicotine; shock due to 
accident, a heat stroke or sunstroke, suffocation ; certain rare 
forms of fainting, and dnally, certain forms, likewise rare, of 
mental and nervous diseases, e.g. the severest form of hysteria. 
In all these conditions, and, as already said, exclusively in 
these and even then only very rarely, the patient sometimes 
exhibits the appearance of actual death while still 11 a ing. 
He lies motionless for hours, he Is cold to the touch, and his 
pulse, respiration, and heart beat may all be so very faint as 
to be imperceptible under a superficial examination; further* 
more, the skin over the entire body may be pallid or blue in 
color, the eyes fixed and staring and the lips perfectly blue 
Then, too, the skin may fail to exhibit the ordinary refiex 
action even when pierced with a needle. As we have said 
such a state which is so extremely rare that many experienced 
physicians may have failed to observe it more than n few 
times in a lifetime, cannot be distinfniished at first glance 
from genuine death. 

It Is true that in spite of countless investigations no inva- 
riaible sign has thus far been discovered by which death can 
be absolutely predicted wllftiin the first few hours after the 
demise of such a victim. It is possible that a certain sign of 
death Is present, but we know of no such sign which is neces- 
sarily present as an invariable Indication of death. In 1873 
the Marquis d'Ourche offered a prl7.e for the discovery of 
an absolutely certain sign of death reoognissuble by laymen 
But while there were 100 entries, the prize could be adjudged 
to no one. Van Hasseirs words hold good today : “Dejith is 
best recognized by the total Inxpresslon it makes upon us*’ 
The greater the lapse of time after a person’s demise the 
more unmistakable the signs of death become and the surer 
the diagnosis can be of excluding any mistake. 

Those signs of death which sooner or later make their ap- 
pearance in every corpse and which are more or less evident, 
so that both physicians and laymen can be quite certain of the 
fact of death are as follows* 

r HABACTEBISTIC SIGNS OF DEATH 

1. /?ti 7 or.--The state of rigidity known as the death rigor 
makes its appearance either immediately or within the first 
ten hours after death. It consists in a gradual stiffening of 
the muscles proceeding from the neck downwards. This stiff- 
ness gradually disappears in the same manner after the lapse 
of from ten to 38 hours. This rigor is an absolutely certain 
sign of death. It can be distinguished from the rigidity due to 
<*old by the fact that only the muscles are stiff, the skin above 
them remaining slack, whereas where a body Is frozen not 
only the skin is stiff but also those external organs which 
possess no muscles, such as the ear, the tK)lnt of the nose, 
the breast, etc. It is distinguished from the rigidity due 
to cramp by the fact that the muscles remain In any posi- 
tion which they are forced to assume, whereas when the rigid- 
ity of the muscle Is due to cramp, the muscle Immediately 
resumes its former position when this is altered. 

• 2. Death SpoU . — A second trustworthy sign of death t« 

the spots of a bluish red or purplish color which appear upon 
the skin, being most marked upon the deepest lying portions 
of tiie latter, namely, the points where it is in contact with 
the layer beneath it; these spots are due to the collection 
of blood in the subcutaneous tissues. 

3. Shrivelling of the eye*. — ^The human eye Is maintained 
In a state of considerable pressure by means of an Ingenious 
mechanism and It, therefore, presents a full rounded, smooth, 
moist, and glistening aspect When death occurs the blood 
pressure at once falls and with It the Intwnal pressure of the 
eye ; the eyeball consequently presents a shrivelled appearance. 

4, Opocifir 0 / the Cornea , — Soon after the occurroice of 
death the cornea of the eye, which during life presents a 
tnlrror-llke appearance becomes dull and opaque through the 


alteration in Its cells. In consequence of this the bright, warm 
mirror-like aspect of the living eye is changed into the dull 
glassy, expressionless gaze of the dead. 

0. Corruption . — Like all other living organisms the human 
body is subject to decay when once the vital principle has 
departed. This decay may be hastened by certain factors 
such as heat and moisture or may be retarded by others 
such as cold, dryness, or <the use of certain natural or arti- 
ficial preservatives. 

6. The Green Color of the Abdomen. — ^After death the skin 
of the abdomen assumes a greenish tint caused by the contents 
of the intestines. 

All of these are absolutely Infallible signs of death, but 
all of them may either be absent or so faintly Indicated as to 
be imperceptible in the first few hours after death. Yet 
it is frequently very lTnxx>rtant to determine immediately 
whether a supposed corpse Is really dead or merely In a state 
of stupor, since In many cases a person In the latter con- 
dition might be saved If prompt remedial measures are taken, 
whereas otherwise he would shortly die. It is very valuable, 
therefore, to know some definite means of determining whether 
death is actual or apparent without waiting for the appear- 
ance of the signs described above. Such information is of 
peculiar Importance and value In cases of public disaster such 
us eathquakes, fire, flood, shipwreck, explosions, tornadoes, 
bombardment, etc , where hundreds of persons may be really 
dond whereas hundreds or even thousands of others may be 
merely suffering from shock We quote from the same writer 
throe reliable testa in cases of supposed death, 

TESTS FOB THE IMMEDIATE DETERMINATION OF DEATH 

1. BurrUng — If the skin be slightly burned by a match or 
bit of hot sealing wax It resi)onds to the Irritation when living 
by the formation of a blister filled with water, and It also 
has a reddish appearance When the skin Is dead, on the 
contrary, it forms no blister but separates like a bit of 
scorched leather, r>e<'l!ng off and showing a whitish color 
under the torn part. 

2 Finger tying . — When a living finger has a piece of stout 
thread tied tightly al>out it so as to Interfere with the circu- 
lation it swells through the collection of the blood which 
cannot follow its appointed course, and when the thread Is 
cut Hie finger Is marked with a white line which gradually 
turns red This phenomenon does not <>ocur when the finger 
of a corpse is tied. 

S Ftactncity — If a person who is apparently dead though 
really living is sublected to an electric “shock,” the muscles 
contract in the manner familiar to most people .About throe 
hours after death even the strongest electric current fails to 
exert any effect upon the muscles. 

Since the significant signs of death described above require 
as a usual thing several hours to make their appearance, the 
beat safeguard against being burled alive is the law forbid- 
ding a coi-pee to interred immediately after death 

In Berlin re<*ently a nurse was discovered In an apparently 
lifeless condition and taken to a near-by sanitarium, where 
the physician declared her to be quite dead and had her body 
placed in another room. Fifteen hours later the supposed dead 
woman, however, exhibited signs of life This case presents 
an ob\ious example of the wisdom of the law preventing too 
prompt Interment A hypothetical case is described as fol- 
lows Suppose a man was found lying In the woods seem- 
ingly dead from the effects of a large quantity of narcotic 
XX)ison; suppose, furthermore, that since It was winter time 
his limbs were frozen stiff, so that the death rigor was ap- 
parently present Suppose, too, that his skin was likewise 
cracked and altered in color and aspect by the frost so as 
to present the waxen pallor of a corpse. Suppose again that 
such a cold, discolored body was examined hastily by insuf- 
ficient light at night. In such a case even an experienced 
physician might be deceived. And yet such a supposed corpse 
might really “come to life” many hours later when the effect 
of the narcotic from which he was suffering had worn oflT. 




lUli; MO«T liRAm'll'UIi OP AQUARIUM FISHB8 : BSTTA SPLBlflMnrS (LnSTT) AND ITS HANDBOOCB BUBD COUSIN 

BBTTA RVHRA (RIOIBT) 


The Hum min g Bird of the Water 

A Fish That Is a Devoted Paterfamilias 


A MONO those flHlies which are bmull enough to be suitable 
aA for an ordinary glass aquarium, one of tiie most in- 
* -^teresting, as well as one of the handsomest Is the Betta 
Splendent. TWie Bettu is a genus of fishes belonging to the 
group of the acanthopterygia in the family of the lahyrtnihi- 
dae. All of these fishes liave flattened bodit.'s. The ventral fins 
are trlaxHTular and Jugular, l.e under the throat, and are 
eomposed of a few rays, the first of which are longer tlian the 
others. The pectoral fins are small; the candal fin is large 
and rounded, consisting of ten rays; the dorsal fin, which is 
situated nearly In the middle of the back, is short and spine- 
less; the anal fin commences very far forward and ends 
close to the caudal fin; since the final rays of this fin are 
longer than the others the lateral line is interrupted. In 
general the shape and placing of the fin gives a peculiarly 
graceful appt^a ranee to the male fish There is no swimming 
bladder. 

Several species of the Betta are known including the 
trlfasdata found in the rivers of the islands of the East 
Indian Archipelago, Sumatra, Banka, Billiton and character- 
ized by three black bands running from the operculum (or gill 
cover) to the caudal fin; the fiightiug Betta, b. pugnaw of the 
Malay Peninsula marked by black transverse bands and sil- 
very longitudinal bands, besides two or three bands upon the 
head; the belHoote Betta, B. belUoota; the red Betta, h 
rubra and the ^^splendld" Betta, b tple^idem. The latter two 
are dwarfed species not more than 5 or 6 cm. long and are 
particularly handsome. 

All of these species are capable of living comfortably in 
small household aquariums provided the water In the latter he 
kept at a temperature of 25 or 26*C., which can easily be 
done by means of a small lamp. The Betta Splendent is espe- 
cially remarkable for the dazzling beauty of its colors. When 
perfectly calm both sexes are yellowish brown banded with 
dark stripes, but when excited the Osh nndergo a remarkable 
change in color, form, and general aspect — the fins become 
bright colored, the back is curved and the gUls swell up to 
such an extent that they extrude from t^e branchial cavities 
which contain them and are visible externally. The male 
exhibits an extraordinary brilliance of metallic tones and 
reflections; his back is reddicAi brown with iridescent gloam- 
ings while the abdomen and sides vary from red to green, 
to yellow, and to deep blue according to the way In which 
the light strikes them Bven the flns share these bright 
colors, so that the creature has been compared to a humming 
bird. The female Is less vivid in color and her movements 
are slower and not so supple. These sudden changes of 


rulor arc readily produced In tlie male when he catches 
sight of a rival. It is usual, where two males are kept in 
the same aquarium to separate them by a pane of glass. 

One of the most curious habits of these flsh is one which 
they share with the macropods of the same family, that of 
placing their eggs in a nest composed of bubbles of foam made 
by the male. This interesting procedure can be readily ob- 
served even in a small aquarium provided the latter be well 
furnished with plants, sueb as the myriophyllae rooted in 
sand and a few tufts of riccia (a cryptogamic plant similar to 
the raarcheutl or green moss) ; the floating tufts of the latter 
will serve ns a foundation for the nest. If the aquarium is 
heated to the proper temperature the male will soon begin 
to take bubbles of sir In bis mouth and then eject them 
shooting them upward to a location where the plants are 
abundant and therefore suitable to retain them. He continues 
thin until he lias formed a la>er of foam bifiibles These 
are remarkably persistent resembling glycerine bubbles be- 
cause of the mucus secreted by the male with which they 
are mingled From time to time the flsh quits his labors 
to swim around about his mate, both displaying their most 
beautiful colors 

As socm us the nest is finished the fmuule begins to lay 
her eggs, biding assisted by the male, who curves himself into 
nn arc of a circle in order 1o compress the body of his mate 
Alwiut n dozen eggs are laid at a time, each one millimeter 
in diameter These begin to fall .slowly toward the bottom 
iajt during their descent they are caught by the male and 
carefully placed in the nest of foam bubbles. The entire deposit 
lasts two or three hours and from 800 to 500 eggs are produced 

'Fhe male now assumes entire (barge of the nest, keeping 
rlie eggs In position and watching over their development. He 
js particularly careful to prevent the mother from approach- 
ing, probably from well founded fears of her unnatural liking 
for small fry. The eggs hatch at the end of 24 hours and 
the male keeps the fry In the nest for a few days until 
they grow strong enough to escape. 

At this time they should be supplied with suitable food, 
consisting of Infusoria, which will pullulate freely if a bit of 
cabbage stalk la placed upon the water. About 50 of the 
young flsh can be obtained, two or three mm. in length. Their 
food ebould now consist of finely chopped earth worms or 
Haphnia. The most vigorous are ready to breed at the end of 
four or five months, but the most of them are not sufflcleDtly 
mature until six or seven months old. They are very prolific, 
since a couple of weeks after the eggs have been deposited 
the pair can again be bred. 


3fiS 




Parasitism and Symbiosis in Relation to Evolution 

A Criticism of Prof. Portieres Theory of Universal Symbiosis 

By Prof. Maurice CauUery, of the Sorbonne 


Prof. Vaullery t« a distinguished member of the Faculty of 
Sciences of the Sorbonne^ and is an enUnent authority on the 
science of evolution. Both he and Prof. Portier have done 
valuable, original research tcork in biology and we are glad 
to give our readers the opportunity to compare their contrast- 
ing views with respect to the interesting subject of parasitism. 
The following paper delivered at the Sorbonne, Nov 6, 1010, 
is the opening address of a series of lectures entitled **Evolu-‘ 
tion of lAving Organisms .'^* — Rditob* 

WILL begin wy subject by stating briefly tiie reasons for 
its choice. 

Everyone is cognizant at the present time of tlie eritical 
phase through which the Iransformist problem is now passing, 
a phase indicated by F. Le Dantes In 1900, in the title of one 
of his books: The Crisis of Transformism. This crisis, while 
a very real one, is undoubtedly merely a crisis of growth. For 
my part I do not seek to solve this problem, as does Le Dantes 
and I am ready to acknowledge that the great solutions in 
which more than one generation of naturalists have had entire 
faith, namely, Lamarckism and Darwinism, are today quite 
inadequate, at any rate, In thoir orthodox forms. 

The study of all nature tends to impress upon our minds 
the conviction that living organisms have undergone a process 
of evolution and that they have passed through manifold 
stages before becoming the species whose fossil remains we 
find and those which are now living under our very eyes, But 
we do not yet know, it must be acknowledged, the nature of 
the essential factors In this evolution All of the experiments 
hitherto made in the endeavor to furnish experimental proof 
of the possibility of transformation by natural selection or of 
the heredity of acqulreil characters have yielded but meagre 
results. And In the presence of these results the experimental 
study of heredity and of variation which have been pursued so 
actively and so fruitfully since the beginning of the 20th 
century, lead us provlsorlly at least, to conclusions which 
It Is difficult to harmonize eltlier with Darwinism or with 
Lamarckism It is true that they themselves lead — ut least 
when curried to extremes, to singular paradoxes, as was 
shown by W. Bateson, In 1914* It Is true, also, that what 
have seemed the best founded hypotheses In the world of 
science, such as that of unl\orsal gravitation or of the princi- 
ples of electro-magnetism, ha>c also finally encountered objec- 
tions which have temporarily arrested our opinions with re- 
gard to them. 

As regards living organisms the <'oiiforralt> of their struc- 
ture to the conditions In which they live — their adaptation in 
a word, a fact of such general occurrence in nature and so 
Impressively illustrated in the structure of living creatures, 
can no longer be explained with the beautiful simplicity of 
Lamarck’s theory as being due to the direct action of the 
surrounding medium modeling the organism by means of its 
own activities. It seems rather more probable In fact that 
when the organism undergoes variations it reacts in a manner 
which la proper to Itself and which is derived from its own 
constitution through the most varied factors which are capable 
of inciting It to action, and furthermore, that It passes either 
continuous or dtseontlnuously through a series of forms 
wbioh progress towards a definite end. 

OKTHOOBNSMIS. 

It Is this idea which Elmer has tried to express by the word 
orthogenesis and this Idea holds a place of prime importance 
in biology. Thus, one brandi of the OnduUdae, starting from 

^PnsideiKttal ^A* ^ - * ** dettvered before fhe British AssodaHon for 
the AdTaneteept oC floleiice (The AustrsUf meeting, 1914), 


some ancestor analogous to the Phaetiacodus, Anally produced 
the horse, the equidus and In the same way the elephant type 
was gradually developed from the Paleomastodon. At the 
present time we have more and more numerous examples of 
series of this sort. The surrounding medium can have had at 
most merely an Indirect action upon the development of these 
series . . . acx^eleratlng them, perhaps, or retarding them, or 
possibly exerting upon them a relative effect of elimination* 

Under the influence of those data we have seen the reappear- 
ance even among those biologists who are rather strong parti- 
sans of evolution concepts similar to those which opposed 
Darwinism upon its origin. Thus D. Rosa has recently pub- 
lished under the title Hologenesls,” a theory in which he ex- 
presse.s upon the whole Ideas similar to those of Naegeli, and 
in which he attributes evolution entirely to the interplay of 
the initial factors in the constitution of the organism. 

l40U>nENES]S. 

If adaptation is not necessarily a direct and normal effect 
of the action of the milieu upon the organism, we are led to 
cijnclude that it results secondarily from the choice by the 
latter of a modo of life suited to its previous constitution. 
This is what Chi^not has cnllefl Pre- Xdapiatton. The Idea is 
by no means new; Darwin sought to ascertain how selection 
could have brought about the tongue of the wood-pecker, 
which is so marvellously adapted for the search for insects in 
the hark of trees But Buffon, one of the forerunners of the 
transformationists, bad already, in describing the behavior 
of these birds, come to the conclusion that *'thus is the in- 
stinct of a bird bounded bj a miserable and wretched life. 
He has received from nature organs and Instruments appro- 
priate to this destiny, or rather he derit^cs this destiny from 
the very organs with which he 6om.” Thus it is In the 
organ which creates the function Instead of vice versa as in 
the aphorism of Lamarck. 

Even if tills explanation be fitting in certain cases, as 
might be suggested by modern experimental researches upon 
heredity, one would hesitate to assume its general applica- 
tion In view of the mass of adaptation arrangements which 
exist in nature and in view especially of the graduated series 
which they present Would It be possible for a harmony so 
close and so thoroughly coordinated with the milieu to exist 
if the latter played no part In its accomplishment? Ck>uld a 
fact of such general occurrence possibly he due to a simple 
series of coincddences between the mileu on the one hand, 
and the constitution pt'culiar to the organism on the other, 
together with the laws necessary to their transformation? 
This is aside from a theological or creationist idea. 

What still more gives us pause Is, that under our very 
e,ie8 we pcrcc-ive that the reaction of tlie individual to the 
milieu is in a large measure adaptative; the transformation 
which a plant undergoes in passing from a lowland environ- 
ment to n mountain environment, or vice versa, furntadies 
proof of this, but its adaptative modifications dp not appear 
to be hereditary. Perhaps the solution of the difficulty lies 
in the general indications furnished by paleontology. The 
different types have not varied in a uniform and permanent 
fashion. Bach one seems to have had its period of variability. 
During this period we may ask whether the hereditary varia- 
tions were really independent of the milieu as we observe them 
to be to-day In organisms which are, perhaps, In a certain 
phase of stability, or is it true, on the contrary, that the in- 
dlvidnal adaptative reaction was hereditary. 

V>. Rosa, 01og«nesl (Nuova UVorta deU Evcauslone, etc) (Hoio- 
ganesls— <New Theory of BT<^utloii, etc.). Florence, 1017 
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However this muy be the prohlern of the adaptation re- 
mains of prime importance. The phenomenon of parasitism af- 
fords an excellent domain in which to study this questioUt 
at the same time examining in this connection the question 
of variation in all its manifold aspects. Furthermore, there 
is a physiological as well as a morphological problem. 

rUCDATOBYISK AND PARASITISE 

From the physiological point of view, in fact, the phenome- 
non of parasitism presents a series of problems of the great- 
est possible Interest as regards general biology. 

To begin with it affords an excellent domain for the study 
of the reciprocal Influence exerted by organisms. All or- 
ganisms are separate entities and they are mutually engaged 
in the struggle for existence. The latter is a capital phe- 
nomenon, the investigation of which is one of Darwin's great- 
est titles to fame. But the bond between the parasite and 
its host Is a definite one and the reciprocal action of the 
two antagonistic parties is definitely limited. But It Is neces- 
sary here to define parasitism. A parasite is an organism 
which lives at the Immediate expense of another organism, 
feeding upon the substance of the latter or utilizing the 
activity of the host's organs In order to obtain the sub- 
stance of Its own body and to accomplish its biological cycle. 
Except In the case of plants, which assimilate directly the 
carbon or the nitrogen of the atmosphere and the mineral 
substances of the earth, all living creatures nourish them- 
selves at the expense of other organisms, and thus might 
be said to be parasites in a certain sense But in ordinary 
conditions the animal kills and devours its prey ; it destroys 
the latter in fact This sort of life Is called predatorytam 
and is properly distinguished from parasitism. The parasite 
feeds upon the organism at whose expense It lives without 
destroying it; It exploits the host to a certain degree In a 
methodical manner by turning aside to its own profit a part of 
the energy expended by the latter, thus occasioning more or 
less damage and exerUng an action which is often more or 
less pathogenic in nature, but which is sometimes, on the 
contrary, perfectly tolerated. 

One finds In nature a continuous sliding scale of stages inter- 
mediate between predatorylsm and parasitism. Sometimes 
also two living creatures are associated together in a depend- 
ent relation, which constitutes to a certain degree an exploita- 
tion of one by the other, without there being, however, any 
direct borrowing by the second organism from the first. 

COMMXI7SAXISE 

Tills phenomenon Is known as commemQl%Bm^ In other words, 
as the Latin origin implies, two organisms *'eat at the same 
table ” Thus for example, .the l^ereilepa% fmata^ a poly<*ete, 
Annelid which is always found at the bottom of the shells 
of Gastropods (such as the Bncclns) inhabited by the Pagures 
{Paguruu bemhardua) profits by the current of water which 
the Pagure creates In order to draw towards Itself the prey 
upon which it feeds ; some of the latter are thus turned aside 
from the Pagure to the Annelid. But the latter is not a 
parasite, it Is merely a table companion, i.e., a oommennal. 
It is dilBcult, therefore, to draw a definite line between com- 
mensalism and parasitism. Certain creatures, such as many 
of the Infusoria, like the Urceolnrla, the Trlchodlns, and the 
Vorticellse live In the homes of other animals of necessity; 
they are termed Epizoa; they are likewise commensals while 
at the same time borrowing directly from the animal which 
bears them the power of locomotion as well as very often the 
condition of aeration and of renewed water supply which are 
assured by the play of the gills of the host 
One of the characteristics of parasitism is the flsed nature 
and the necesMy of the relations between the host and the 
parasite^ A t]tue. parasite cannot fulfil its vital cycle without 
the aid of itii host and lives at the expense of the latter. 
These assodi^l^ions are very precise in their nature, however, 
and are more or less intimate. But it is not always easy to 
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say that in such an association one of the associates saSkrs 
at the hands of the other ; there are certain v^ distinet cases 
In which it can be demonstrated that there is a i^siologlcal 
advantage, In, sometimes a neoeaaity for, such lan association 
f>n both sides. Thus these complexes of two organisms which 
mutually benefit each other and have a reciprocal Intimacy 
constitute aynibiOBia. 

BTMBIOTES. 

In a recent book by M, P. Portler, Lea Sym^Mea (Prof. 
Fortiers* views were described and discussed at some length 
in an article entitled SymbiOBis, by May Tevls, which ap- 
peared in the Soientifle American Supplement for November 
15th, 1010), the author endeavors to establish the view that 
symbiosis is not only a phenomenon of general character but 
one of the fundamental bases of the life of a cellular organ- 
ism. He regards the cell which is unanimously considered by 
modern biologists as the fundamental and indivisible organic 
unit, as being in truth a symbiotic association. In other 
words his idea is that the cell alone is Incapable of existing 
without containing within it certain bacteria — true symbiotes 
— whose power of direct assimilation is employed for the 
benefit of the cell as wdl as for their own advantage, and M. 
Portler believes that he can recognize In the organites kfiown 
to histologists as mitochondria, these symbiotic bacteria or 
bacteriods. 

Autotropha and Heterotropha. — ^According to this author, 
therefore, living organisms are divided into two classes, namely 
autotrophs, i.e., bacteria, which are sufficient to themselves 
and heterotrophs, i.e., organisms having a cellular structure 
which assimilate their nourishment by the aid of autotrophs. 

The capital importance of such a concept Is at once evident 
Its partisans declare that it will bring about a transformation 
of the primordial ideas of biology comparable in importance 
only to the revolution produced by the discoveries of Pasteur, 
But no matter how clearly expressed and how suggestive a 
theory may be, It Is of value only in case It has been verified 
l>y the facts in the case ... I do not hesitate to declare 
formally that up to the present time tfie author has not 
demonstrated anything convincing as to the justice of his 
hypothesis, and I believe that objections of fundamental im- 
portance may be proved in opposition to it. I make this state- 
ment unreservedly, but I am, of course, bound to prove the 
objections I advance, 

OBJECTIONS TO THE THEOBT OF UNIVERSAL SYMBIOSIS. 

From the physiological point of view the study of parasit- 
ism Includes a number of other problems. A parasite always 
lives upon a special sort of host and this specificity, which 
is always comparatively definite, is sometimes absolutely so. 
Thus the Conoapora langiaaima, a gregarine stiMlled by M. 
Mensll and myself*, is constant and abundant in one of the 
forms of the Dodecaceria concharumt which we have desig- 
nated by B; but it is never found in the A form, and yet 
this is the same species or, at any rate, a very closely related 
species of Annelid. Entomophagous (Insect eating) Hymenop- 
tera never deposit their eggs except in a denite species of 
insect. Girard believes, with ai^arent justice, that the gen- 
eral run of the species of the Eplcarid Isopods are parasitic, 
each upon single species of Crustaceans, and that two similar 
parasites found upon related species belong to distinct species, 
even when the precise morphological difference in structure 
or in form is imperceptible. 

The parasite Copepod whl<di M. Mesnll and myself have 
just been studying* under the name of the Xenocoetoma 
brumpti Is found only upon a single species of Polycirrus and 
not upon r^ated species which are found near It What la 
the mechanism of this specificity? In these eases, as among 

•CAunery and Mesnll. l>i Fsnast Bpitoquss ct I'Broliitloa 4cs 
ClmtnUsns (The Etatefiial Fonns and the Evtlutlon of the (Mrrata- 
Uana) Abb. Untr. Lyon, Vol. XXXYIII, 189S. 

Biot da to jrronoe et da U Bdlgieea. Yol. UII, 1S19. 
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tUfi Imecta, wtiere tbe p«rfutlte actively penetrates the host, 
how does the parasite succeed in duding the proper host amid 
tibe imthenstty of nature, and how does It distinguish be- 
tween related 8i>ecle8? Is it through some form of troi^stn, 
by some olfactory sensation, for example, as is b^ered by 
J. Loeb? In the ease of the pase^ve Ingestion of spores, as 
with the gregarlne mentioned above, wherein the two forms 
of the host which live side by side, must certainly ingest 
the same sporocysts, why does the Infection occur only In 
the B form? And this is closely related to another question, 
namely: How do the internal parasites, whether in the ali- 
mentary canal, In the deep lying organs, or in the oolloma 
manage to exist within their host, maintaining Immunity with 
respect to the humors of the latter's body, or to the phagocytes, 
whose function it is to digest or destroy the foreign sub- 
stances or organisms which have made their way Into the 
body? At this point the entire problem of Immunity presents 
Itself for our consideration. 

And in what manner does the parasite exert an effect upon 
its host^an effect which is so definite in the case of certain 
organs. Thus in many instances the parasite produces, from 
a distance, alterations in the metabolism of its host, thus 
destroying the genital glands of the latter and producing 
parasitto caatrutum. And after having produced the afore- 
said effect, the parasite proceeds by way of good measure to 
occasion morphological modifications, particularly in the sec- 
ondary sexual characters It is a remarkable fact that the 
transformations thus produced by parasitism sometimes occur 
in groups such as the Arthropods, In which experimental 
castration, no matter at how early a stage has never been 
observed thus far to produce any alteration in these sexual 
characters. And yet the SaccuUna, which more or less tardily 
Infests the Crab, often profoundly modifies the secondary 
sexual characters of its abdomen and its abdominal claws. 
These facts, which were first pointed out by A. Girard, have 
been extended and strikingly illustrated by G. Smith. 

In short, the list of Important questions in physiology sug- 
gested by parasitism could be readily lengthened. 

DXGBADATION DUE TO PABASITISM. 

But let US return to problems of morphology and their 
connection with the more general proijletn of Evolution — as 
a matter of fact they are by no means independent of physio- 
logical problems. The reaction of parastlsrn upon morphology 
is very striking. There is, in fact, no category of analogous 
facts In the realm of biology which affords the same breadth 
of vision. Purasltea arc dlstlngulsheti from forms belonging 
to the same groups by traits so marked that the affinities 
of these parasites often become unrecognizable. Further- 
nM»re, there Is an evident parallelism between the transforma- 
tions which are produced In the various groups. 

Parasitic dCffradat%on is a long established Idea. The more 
profound the nature of the parnstism, 1 e , the more use the 
parasite makes of the host's activities to secure his own 
nutrition, the more the parasite becomes deformed and simpli- 
fied. Thus, as a general thing the organs of locomotion jmd 
those of the senses tend to retrograde and even disappear. In 
some cases there is e\en no longer any trace of the original 
nervous system The digestive organs become simplified, since 
the parasite, which absorbs only sub8taDce.s which are already 
fully elaborated and perfectly assimilable, needs not go to 
the trouble of making such transformations; there merely 
occurs a hypertrophy of some organs whose function It is 
to store up reserve material, such as the heputo-pancreas. 
The alimentary canal on the other hand, sometimes disap- 
pears completely, as among the Gestods, and the animal, im- 
mersed In assimilable nourishment, feeds itself by means 
of simple osmosis through its external tegument; the repro- 
ductive org&uSf iu particular, are altered and are generally 
hypertopbled, but in various manners. Sometimes the parn- 
attlsm manifestly produces hermaphroditism. Sometimes, on 
the other band, it exa^:erates sexual bl-morphlsm, making of 
the female, stuffed with eggs, a giant upon which the dwarfed 
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male lives as a sort of parasite. In one case as well as in 
the other the number of eggs produced by parasites is enor- 
mous — ^in this enormous production of eggs there Is a com- 
pensation for the extreme mortality of those embryos and 
larvae which do not succeed soon enough in finding the in- 
dispensable host. This compensation is essentially adaptailve 
and suggests theological Illusions. Thus, parasites some- 
times consist of little more than enormous egg sacks and the 
cycle of the parasite, starting from Its meeting with the host 
is summed up in forming tho substance of the* eggs, laying 
them, and finally, incubating them until the hatching of the 
larvae. 

There Is, therefore, a \ery great simplification of the various 
apparatus which take no part in reproduction ; there is a 
degradation if one choses so to express it, in comparison with 
free forms, but this term merely expresses a subjective point 
of view, and one might be equally Justified in saying that 
parasites exhibit a specialization carried to a greater or less 
extent and upon the whole a peculiar adaptation which often 
attains a very great degree of i>erfectlon. In their own 
way these highly adapted forms might be regarded as being 
very highly organized. I will Illustrate these ideas by a 
few examples and we shall observe, in particular, how a 
single group often exhibits successive stages of transforma- 
tion connecting the forms ultimately attained with tho normal 
forms although scarcely any perceptible resemblance between 
the former and the latter is apparent. Parasites, present 
together, more than any other category whatever of organ- 
isms a collective and striking illustration of adaptation. No- 
w'here else is the structure so clearly brought out ns molded 
by the kind of life and nowhere else does pre-adaptation seem 
less prcjbable 

Not only the adult has been thus influenced; the Immature 
stages are no less so, and the requisite conditions in the finding 
of the host, which often Involve a necessary passage by means 
of a provisory host (and consequently an enormous destruc- 
tion of individuals in the process of development) are In 
correlation with the adaptative pocultarltles of the larvae 
and frequently with the phenomenon of embryonic multiplica- 
tion involving asexual reproduction. The comparison of va- 
rious grouips is, therefore, suggestive in this respect because 
we can thus oliserve parallel divergences with respect to normal 
embryogeny appearing In series which are entirely distinct, 
as if the action of the environment were efToctlvely shaping in 
a direct manner the development and structure of the para- 
sites, in a purely Lamarckian souse. 

However, the problem is by no rncans so simple as It may 
api)car Conditions which arc apparently similar sometimes 
bring about the most opposite results A very striking ex- 
ample of this is found in tho parasite Copepods. They at- 
tach themscUos to their host after a period of free existence, 
during which they generally pass through the principal stages 
of larval development, like the free forms, attaining the stages 
which arc known as syclopold, they then attach themselves to 
Iho host and bpcome deformed and degraded in the usual 
sense of the words. M. Mesnll and I have Just finished the 
study of the truly astonishing retrogression of the gonus 
which have called Xenococloma, which actually succeeds in 
hen rowing from its host, In the literal sense of the word, n 
portion of the latter’s organs I It Is Impossible to imagine 
a more complete degradation and a more Intensive parasitism. 
On the other hand let us consider another type of Copo- 
pods, the Monstrillidae. These peneterate the host as soon as 
they reach the Naupllus stage They then lose all their ap- 
pendages, forming a simple non-dlfferentlated cellular mass 
which proceeds to develop within the circulatory system of 
an Annelid," i.c, In conditions of supreme parasitism. One 
would expect a creature as degraded as possible from this 
mode of life. But this is by no means the case. From this 
parasitism, on the contrary, there issues a Gopepod magni- 
ficently endowed for a free existence and provided with powor- 

■A parasite »goc\w kas been obsetvea ini n mollusc (Odottomla). 
B^seneer, Bull. BloA Vol. XLVII, 1913 
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ful apponduK^*s ft»r itjj iielagio life. A single feature of ItB 
organism, however, appears paradoxical, and was an enigma 
before the Initial parasitic stages had been studied. The 
aliment ary canal of these adult MonstrlUldue is atrophied. 
We now explain this peculiarity by the fact that the animal 
acconiplisluHl Its complete development In the form of a 
parasite, while Its life In the adult stage is merely n brief 
pause at whose very beginning the sexiial products are al- 
together mature and riNpiirc only to be disseminated. The 
animal has no longer aii> need to asslmllute nourlsliment. In 
the same manner the Innuiuerahle entoniophagous Insect In- 
cluded prindpuUy among the H>nnenoptera and Dlptera lay 
their eggs within the iiodles of other species, where the eggs 
develoi) In the form of parasites producing free and perfect 
Irnagos In the same way also there is found among the 
Annelids u series of Euniclans which develop as internal 
parnHltes in other Annelids, ending in a tree form in the 
adult state w’hich is In no wise degraded by the parasitism 
This shows that the mere fact of purosillsm does not neces- 
sarily involve simple and uniform transformation. 

Thus it Is not evident that the striking adaptation of 
purnsHos is explicable any more than Is the case with free 
forms by tho simple Lamarckian raerhanlsni as was formerly 
supposed. Here, too, parasites have been able to react ac- 
cording to the successive degrees of n vast orthogenesis. How' 
ever, it Is surely very remarkable to observe that parasitism 
prodiK’es In the moat diverse groups parallel modifications 
which 4*annot possibly be complohdy Independent of clreuin- 
stancos external to the organisms proper. When a Rhlzoceph- 
alus cruslueean exhibits the asexual modification demons trate<l 
by F. A. Potts\ is it possitile to imagine that this result 
w*us an inevitable evolution resulting from the Internal fac- 
tors alone of these organisms Independent of external clr- 
curoatauces? Can we refuse to believe that the progressive ac- 
tion of parasitism which, In the general evolution of types 
can be only a contlngeuc>, has been, at least, an external 
factor of considerable weight, and which has many times 
produced similar results under similar conditions, but in en- 
tirely Independent series? 

Doubtless freo organisms present analogous problems, but 
parasitism Is of i>ecullar character. The constitution of the 
fundamental types of the animal kingdom goes back Into u 
practically Inaccessible past But the dlfTerentlattou of para- 
sites Is a secondary evolution subsequent to the first It is 
not reasonable to suppose tliat the parasites, with their 
Intensive anatomical, embryologtoul, and physiological de- 
formations appeared originally In their present form They 

M^larnegie InstltutTon, publication No 1915 



ANNHLID WOiW POI^YClRRUa HAVING TWO SPKClMIilNS 
OiF TYm XmOOOKXA>9iA BRUMPTI ATTACHED TO 

OP^oB^3pID &ii>DS or thbj body as farasitrs 


are evidently derived from normal fomm and nowhere have we 
stronger evidence of the truth of tiie theory of evolution . . . 
This secondary evolution Is less remote than the original onoi 
hence the study of parasitic forms is of peculiar Interest 
wdth reference to the laws of evolution , , • 



CROSS SECTION OF XSyOOOiSLOMA BRUMPTI ATTACHFaO 
TO HOS^r 14 DIAMETERS 

i Intentine of Polvcirrua full of sand and forming alight hernia In 
the cruMtaceon , a, axial cavity of Xenocoetoma, ov, ovary, oe, 
atrings of ripening eggs , o, oveduet , t, toeticle. 

. . . We have now arrived at a period in the history of the 
biological sciences when we are able to form a precise idea 
of the difficulties presented by their great problems. In the 
classic jierlod of Darwinism It w»as generally believed that 
embryology would reveal all the secrets of morphology. To- 
day, we no longer hold this view ... On the other hand, 
III the domain of physiology which Is constituted by factors 
existing at the present time . . . the progress of all the ex- 
l>erimentnl sciences daily proffers possibilities of new inves- 
tigations. For example, cellular physiology is today In its 
prime and is making rapid progress. , . . 

The tremendous researches which have been curried on 
since 1869, under the impulse of Darwin's book, have not 
enabled us to discover the essential solution of the transform- 
Ist problem , . . But these researches have given us an in- 
comparably greater knowledge of the forms of animals, of 
their intimate structure, and of the course of tlielr develop- 
ment. It Is thanks to this progress that we now perceive the 
inadequacy of certain solutions which seemed almost ob- 
vious In the years immediately following 1869. And the very 
difflcultiGS offered by the problem of adaptation have proved 
that the science of morphology cannot be reduced to a few 
simple laws. Moreover, it is this progress which has enabled 
us to formulate the most vitally interesting questions in 
the realms of physiology ... An infinite amount remains to 
be discovered in the domain of morphology and these discov* 
erles may prove decisive for the direction of physiological 
researches . . - Even to-day w^e must profoundly admire the 
information given us by Claude Bernard in his celebrated 
work, *^Lessons Concerning the Phenomena of the Conmon 
Life of Animals and Plants^'** with regard to the respective 
rfiles of morphology and physiology ... In our opinion future 
researches concerning parasitism show that the last word has 
by no means been said in moipliology and in sofilogy. 
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THE PEUPECT PARASITE. 

In the foregoing artfcl 0 a reference u rmilc to a paraetfe 
iohtch hue undergone $uch a remarkable degree of degra- 
dation aa to have even borrowed some of ita ho$Va organa 
Thia orgarUam waa deacrvbed recently in an elaborate arttcle 
by M, Caullery and Afeanii which appeared in the **Bulletin 
Biologiguo de la Prance et de ta Belgique,** Parts No. 2, 1910. 
Thia article ia ao very interesting and throws ao much light 
on biological problems that we are glad to give a bHef 
rdaumd of it which we ^ote from the Revue Scientific, Paris. 
— Thb Bditok. 

I N the course of their reseurchos eonwrxiing the Anneli<l 
worms of the Cape of the Hague MM. Caullery uiwl Meniill 
found upon a Polychete of the species Polycinua arcnivorus 
n small Copepod CrustarearP lUiug us u parasite which at 
once attracted their attention, not only because of Its ex- 
treme degree of degradation but also because of Its peculiar 
relation to Its host. They named It the Xcnococlonia Brumpti, 
the “first word referring to the most remarkable peculiarity 
of the parasite, namely, that it has no individual alimentary 
canal. It exhibits an axial cavity which, as a matter of fact, 
does not really belong to Itself, since It communicates witli 
tbe coeloinlc cavity (lo, the body cavity) of the Annelkl, 
being In fact merely a diverticulum or blind pouch of tlx* 
aforesaid coeloran of the Annelid, and being lined throughout 
Its whole extent by the peritoneal endothelium of tlie host. 
However, tiie degradation due to the creature’s state of para- 
sitism by no means ends here 
In aspect the Xetiococloma resembles a small c^lindiical lod 
a few millimeters In length attaclied to the body of the 
Aimalld It exhibits no sort of appendage, iu> special appa- 
ratus of attachment, and no -prolongation or so-called **root” 
in the host It i>osspases neither mouth nor anus, neilher 
nervous system nor organs of sense, and not even any <irfu- 
latory uppiir«itus More surprising still, Just as it ln«'ori»o- 
rates within its own Ixaiy a poition of the coelomu ol Its 
iiost, in the satne way It ai»proprlufes the lather's tegunumts, 
for the external eo^ertng of the parasite belongs In n'alily 
lo the Polycirrus Paradoxical as this may seem il Ik amply 
demonstrated by the numerous drawings and photographH 
made by MM Caullery and Mesnil It is an actual fae! 
that the Xenocoeloma has no true teguimMit, Its own )m\ing 


fibers, which are typical of the crustacean, belong to the 
parasite. The latter while extending ontslde the Annelid is 
still in reality an internal parasite. This shows us to what 
a remarkable degree the degradation has been carried. Of 
Hu* original Copepod there remains practically nothing except 
the genital organs, wlilch are extremely well developed; but 
other organs are either entirely atrophied or have .become 
unrecognizable. The male animat seems to have completely 
disappeared while the female has become a hermaphrodite? 
the male portion of the genital apparatus has the appearance 
of being a superadded formation, a neoformation. The an- 
thors believe, though wlihout distinctly affirming it, that the 
male genital organs have here been formed at tlie expense of 
a purely somatic tissue, if this fact Is confirmed by later 
obser\atJon it will pro\e lo be of great Interest with respect 
to embrjology. UiHin issuing from the egg Ihe larva is a 
Xaupllus of t>pical aspett but having Its \arlous cellular 
areas lietiM’ochronous, 1 e. same being retarded ns regards 
the others. The inorphologu al and physiological retrogression 
of the Xcnorocloma under tlie Influence of parasitism recalls 
tlie most extreme exainplt s of this phenomenon thus far dls- 
c*o\eri‘d, siuh as the Cesiods or the Rhlzocephnln There Is 
c\cn, In spite of their ililTereiiccs, a Certain analogy betw*een 
these last and the Xvnocotlmun As the authors observe 
nutrition Is aceompllKlusl iii holli cases at tlie expense of the 
Iiost b> a dltTused absoiption appaialns an<l beginning with 
priHlucts whiiii an^ completeij assiniihiterl In the case of the 
SaeciilInM the parasite ac* ompllslies this object by penetrating 
with its roots all iKirtloiis of Us host's rirgunism , but In the 
ease of the Xenocoelouui it is the host Itself within whose 
lK)d> eu\lly the entire body of the parasite is Iminerstsl. 

TIIK KFVECr OF PRESSURE UPON THE EYEBALL. 

TiiK luiious fact has been notid by a mnnher of observers, 
Inciuding among oMieis, the French luvestigatoiH, MM, Achard 
and L Biiict, that r>cular compiession has as a result curious 
reflexes lu other parts of the body, both In man and In ani- 
mals (the mhhli and the dog) Such compression causes a 
marked modiflnitlon in the fuiuiloiilng of the hc*art and other 
n*flc\i's due to this eause alfeot the respiratory action, the 
Idood \ess(»N, and <‘\en the muHcles 



TRiAmVBRSIfl SBCTION OF XOVyO XAPPUUS KEADV TO HATCIi (UBFD AM> \l*TKn IIATCTIINO {.RlOnT). 

XBNOCOELOMA, 155 mAMETKRS ENLARGEMENT 540 DlAMHTriSiRtj 

a, eziBd cavity lined by peritoneal endo^ Ohaerve tbo cnormoiu lateral coUa of tho poatctlor region and the two nuclei 

thelluip of the atincAld; tm, emi>ty ma- of vlteUtne maaa. (Note that the term "Naupllue" la applied to a crustacean 

taratibn tubes of oOcytea iimneraed lUta larva having three pairs of lopomotho organs, a medlanj oyc and litUe or ho aeg* 

parendHyma Inienected by musclee. . mentation of tbo body > 
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OATHmilNO COCaANTrro in HHB PRttilPPINBS BaTDBAOTlMO BAP FROM THB COCOANtTT PALM 


Cutting the Cocoanut Cake 

The Growth of the Tree and the Preparation of Its Products 

By May Tevis 


W HEN a commercial enterprise pays big divldeuds the 
process of dividing the shares Is known In common 
parlance as “cutting a melon.” If the commercial Im- 
portance of the cocoanut trade continues to expand as it has 
done during the last few years, (*ocoanat groves will undoubt- 
edly Itecome so valuable that the sharing of profits from them 
may come to be known as "cutting the cocoanut cake.” One 
of tfhe greatest Industrial geniuses of modern times, the famous 
multi-millionaire soap boiler, Sir William Lever, now Lord 
Leverhulme, of Port Sunlight fame, declared in the foreword of 
a book published shortly prior to the war, “I know of no field 
of tropical agriculture that Is so promising at the present 
moment as cocoanut planting and / do not thvnk in the whole 
world there U a pronUee of so lucrative an tnrestnient of time 
and money as in this industry,” 
fTbe very title of the book In which these enthusiastic words 
are found, “Cocoanuts; The Consols of the East,” (1918) In- 
dicates his belief that such property is as valuable a security 
as Britlsta Government Bonds. Such an investment. In fact, 
might be sold to be even.))etter than government bonds since 
Its value steadily Increases for a number of years. The reader, 
who has thought of the cocoanut chiefly as an agreeable In- 
gredient of cakes and confections will be curious to know 
the basis of so sweeping, a stHtement— a statement which Is 
agreed wltb moreover by various other authorities upon the 
subject, The answer is to be found in the enormous and 
steadily Increasing vohie of cocoanut products. 

PBOOVCTS Or. THC COCOANUT TBCS: COCO# NucmsA 

The cblef of thbm products are copra, coir, cocoanut butter 
and toddy. But tbeee are not all, since it has been computed 


that the cocoanut yields no less than 84 different products of 
value. 

The cocoanut tree may be regarded, indeed, as one of man’s 
most valuuablo servitors, so that there is little wonder that 
some native tribes worship It as a syralbol of divinity. This 
magic tree furnishes its happy owner with not only food, 
drink, and wine, but with oil, vinegar, light, timber for the 
making of bouses and furniture, and fiber for the making of 
textiles, cordage and fish nets. 

Before describing the preparation of the four chief com- 
mercial products we may cast a glance at some of the minor 
products. The nut itself Is largely used by confectlonwg, 
restaurateurs, vegetarian specialists and others, not only in 
Idte popular desslcated form, but in numerous other ways. 

The copra residue, after the oil has been expressed, yields 
a splendid food cuke for cattle sheep and poultry, being ex- 
ceptionally rich In oil, albuminoids and digestible carbo-hy- 
drates. '' 

l%e shell serves many ornamental and domestic purposes, 
being used in the making of drinking bowls, beads, dagger 
handles, hookahs, ladles, water dippers, combs, fish hooks, 
spoons, rubber tapping cups, gourds,' linoleum and other ar- 
tlcels too nnmerons to menHon. It also makes a* superior 
charcoal, used In filling gas matfes. 

The dust of coir fiber is worked up to make fdt for use 
under carpets. 

The stem is ntUlzed for furnltnre, fancy artldea» sailing 
boats, rafters, laths, etc. HoUowed-out stems are need os 
cbannOls, gnttere, etc., and are largdy emj^oyed In tralkUng 
operations among file natives. The wood is also susceptible of 
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a high polish axkOf under the natoe of porcupine woodt Is ixn* 
ported into tbie country for use in cabinet making. 

T9fce bark yields a strong, cohesive gam. 

The busk makes valuable manure, rich In potash and phos- 
pherlc acid. 

The leaves lumicdi exc^ent roofing material, mats, baskets, 
brooms, fodder for cattle, and manure. When burnt they 
produce an ash so rich in potash that It proves a good sub- 
stitute for soap. 

The nut, when young, supplies a delicious cooling drink and 
an attractive desert. It is also an ingredient for curry. 

The green husk makes a toothsome preserve. 

The young leaves are used for making a piquant pickle. 

The early shoots of the seedling form a delidons vegetable. 

Copra , — Copra is the trade-name given to the kernel of the 
cocoanut after it has been dried, when it is quite white, 
possesses a pleasant smell, and breaks with a sharp, brittle 
fracture. The ideal article has been described as **that which 
yields a clear, white oil, free from fatty acid, pleasant and 
smooth to the taste, and having no pungent and acrid smell. 
The producers on the Malabar Coast, who have been es- 
tablished there for many years, have by dint of much de- 
votion and energy succeeded in putting on the market an almost 
perfect product, even when prepared In bulk, almost wholly 
free from deleterious substances, which therefore rightly com- 
mands the keenest competition and the highest prices." 

The process of drying the cocoanut Is effected by one of 
four methods, which are: (1) In the sun, (2) in kilns; (8) 
in hot air chambers; (4) in rotary hot air appliances. The 
nuts are first husked and split open with a cutlass, and the 
milk Is then poured out. The broken cocoanut Is then divided 
into several pieces, from each of which the white kernel Is 
extracted with a sharp knife, the pieces being spread out In 
trays, end, if the first process be adopted, exposed to the 
sun for a period of five to ten days, according to circum- 
stances In the old du>8 the natives simply broke their cocoa- 
nuts In two and laid the halves on the ground on barbecues, or 
on drying racks and hurdles, with the kernel exposed to the 
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sun. But trays are now* In general use, and these are fre- 
quently attached to shelter houses, into which they can be 
transferred at night, or when rain threatens. 

Although sun-drying produces a good-looking cc^ra, it 
usually leaves behind it from 0 to 20 per cent of moisture, 
which influences the development of mould, a defect that 
seriously diminishes the market price of the product. This 
mould is ascribed by some authorities to the fact that fermen- 
tation can take place during the slow process of sun-drying. 
Experiments conducted by experts have established the fact 
that to obtain a copra free from any tendency to develop 
mould the moisture retained must not exceed 5 per cent 'Hie 
impossilbility of being able to depend upon a continuance of 
brilliant sunshine throughout tlie entire period of preparation 
renders sun-drying an uncertain, expensive, time-wasting proc- 
ess as compared with more scientific and up-to-date methods. 

Generally speaking. In the Dutch East Indies the nut is 
gathered green and immediately cut Into quarters by the 
natives by means of a sharp knife Then it Is exposed to the 
sun, on the beach or some other plaice, and it dries naturally, 
while retaining its white color When dried the copra is 
placed in gunny bags for shipment. The work of drying, col- 
lecting and baling has long been almost entirely in the hands 
of the Japanese, who have demonstrated their superiority in 
this work. 

At the drying stage women and children are employed to 
turn the copra and keei) it well exposed to tlie sun. Living 
being cheap, consisting us it does mainly of fish and rice, 
the wages paid to these workers are extremely low. 

Cocoanut Oil or Butter — While copra can be used us a food 
and is so used by the natives, its great industrial value to 
the world Is as a source of oil. For many years there has 
been a steady shrinkage throughout the world in the produc- 
tion of animal fata, whereas there has btH*n a steady increase 
In population. This dwTcase in the available percentage of 
aninml fats ikt t*uj»ltii was very iuarke<i even In the first 
14 years of the prt^sent (*entury The Great War enormously 
increased tins shortage of fats in three ways — the decrease 
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in pnuluotlon of oil bearing fruits -and seeds, the inereased 
required In the feeding of armies since fats are 
un Invaluable source of heat und nourishment for the human 
body, and finally, the enormous waste of fats Involved In the 
manufacture of glycerine, the source of nltro-glycerlne and 
other higli explosives. At the present time the world Is 
suffer lug from u fat famine, to which the present price of 
toble butter bears melancholy witness even In the United 
States; but In the last few years coeoanut oil has come to be 
used upon a eolossal scab^ in the manufacture of nut butler 
and other cooking fats, of wmp, candles, cosmetics, glycerine, 
etc, as well as for lubricating and IHumlnating purposes 
It is sometimes uscmI also as a sulistltute for cod liver oil, 
being far more palatable than the latter, while likewise highly 
nutritious. 

In former times coeoanut oil was extracted by \ery pnrnl- 
tl\e native methods from the copra. OH extraction Is now, 
howc\er, a factory rather than a plantation process. It in- 
vohes two essential phases* I'lrst, the maceration of the copra, 
and second, the separation of the oil The maceration Ik 
very perftst, consisting of grating or scraping and then of 
very thorough grinding. The oil is extracted by means of 
large and iK)werful hydraulic presses. In some cases there 
is a cold pressure to produce oil of the best quantity, 
aud afterward a pr(s<«ure after treatment with hot water or 
steam ; or the pulp may be squeezed both times after a pre- 
liminary heating to facilitate the removal of the oil. OH 
expressed cold is as a rule of better quality, and oil destined 
for use as food is usually secured In this manner. After the oil 
Is expressed It is permitted to separate by standing The up- 
f>er layers, usually cold enough to be sold In consistency, are 
tlien removed, and the residue Is again treated to secure the 
i*emalnlng oil of poorer quality. The best mills In Europe 
sometimes succeed In extracting more than 70 per cent of 
oil from the copra used This demands not merely very com- 
plete extraction but also that tlio copra iiwed should have 
contained very little water. With most of the copra marketed 
It Is Impossible by the most pt^rfect treatment to secure more 
than 05 to 67 per cent of oH 

Where the oil Is required In a colorless condition, as for 
toilet and perfumery purposes, the Malabar system is to plunge 
the kernel Into boiling water for a few minutes; It Is then 
grated, subjected to pressure, and the pulp thus obtained re- 
Imlled until the oil rises to the surface. 

Some Malabar experts pride themselves on their ability to 
produce oil so white that it Is almost impossible to distinguish 
It from w ater when the tw'o are placed in phlalH side by side. 
In the ordinary temperature of tropical countries the oil 
maintains a liquid form, but in lower temperatures, such as 
those common In tills country and In Europe, It assumes a 
white butter-llke solidity. Under conditions of extreme cold 
It can be separated into two distinct constituent elements, 
the more liquid of which Is known as olein and the more cold 
as <*oooKln, or cocostearIn, which is a somehut complex con- 
stitueut wmtalnlng fatty acids When the oil is fress the 
flavor and odor are agreeable, and In that condition It is largely 
used In the East for food purposes and cooking. But there it 
rapidly becomes rancid, and when in that state is used for 
illuminating, soap-making, and other industrial purposes. 
Throughout the East kerosene is slowly superseding coeoanut 
oil ns an llluminant, especially since mineral oil w'as discov- 
ered In Burmah and other Eastern regions. 

fidvantages claimed for nut butter prepared from 
coeoanut butter are Us highly nutritious quality and the num- 
ber of furnished the Imdy, Its freedom from patho- 

genic germs, the readlncHs of Us digestion and the complete- 
ness of Us assimilation by the body, besides, of course, the 
fact that it Is much cheaper than cow’s butter. 

Oil Cofcc. — After the oil has been expressed from the copra^ 
there is u residue whlc:ih forms a valuable cattle food, or If 
not rqulred for that purpose, makes an efficient fertilizer. In 
the East this residue Is known ns poonne, and the cake made 


from It possesses four valuable qualities, which are; First, 
the milk produced by poonae-fed cattle is of a better quality ; 
secondly, the quantity Is usually increased; thirdly, the re- 
sultant cream is firmer ; and fourthly, the butter proportion is 
larger, and the color and flavor are improved. 

Coir , — Coir is the commercial name of the fiber prepared 
from the husk of the coeoanut The word is Malay or Indian 
In origin, but has been adopted into Euroi>ean languages In 
countries where coeoanut culture Is very old, the use of this 
fiber likewise dates farther back than our knowledge reachea 
In Polynesia and extending as far west as the Marianne and 
Caroline Islands, this is the main material used for cordage. 
It was In use as far west as Ceylon before the discovery of 
this part of the world by Europeans. In these parts of the 
world it served not merely for rope, and for string to make 
tish nets, or to tie the parts of houses together, but to calk 
boats, and in various other ways. For calking boats It is bet- 
ter than most other durable fibers because It will sw'ell more 
when put into water, and will therefore make a tighter plug. 

The chief peotiliarity of coir rope is Its elasticity. The cocoa- 
nut fiber will stretch fully 25 per cent without breaking. The 
amount which ropes made of it will stretch depends upon the 
method of manufacture, but in all cases they will stretch 
more than ropes made of any other of the commercial fibers. 
This makes coir roiie especially desirable where it Is subject to 
Jerks As used for flsh nets, and in other ways which demand 
exjiosure to water, coir has the advantage that It Is more 
durable than most other fibers; that is, It is less subject to 
liecay. 

The breaking strength of ctilr Is 31) kg. when fresh and 24 
kg after having been Immersed In water for 116 days, 
a length of time which causes the entire decay of both English 
and Indian hemp and of tJie American agave The individual 
cells of coir are shorter than any other of the most important 
commercial fibers, Including those of the ramie, of hemp, of 
flax, of abaca, of the American agave and of Jute Thus, the 
average length of the ramie fiber Is 150 mm whereas that of 
the coir is only 0.7 mm. 

The strands which are extracted from the husks of the 
co<*oanut and which are referred to in common speech as the 
fibers are 30 cm more or less In length, depimdlng of course 
on the size of the nut from which they are taken. The diam- 
eter is about 0.3 mm In emss s«Hrtlon, they are roundish or 
somewhat heart-shaped, the concavity or groove along one 
side being the place where the vessels were loeaUMl, The 
strands are harsh and more or less dark in color according 
to the nuts from which they were secured and the method by 
which the fiber was extracteil The fiber Is strongly llgnl- 
fled, and to this is due Us color and harshness, and Its rela- 
tive brittleness us compared with pure cellulose fibers. 

From what has been said as to the qualities of the coir, it 
follows that for ropes It Is to be recommended where elas- 
ticity or resistance to decay are especially desired; but for 
general use It Is an inferior cordage material because the 
brittleness of the strand makes It wear out more rapidly than 
many other kinds of rope, and because It Is weaker than the 
best rope material. As q textile fiber It is of very little general 
value because of Its coarseness, harshness, brittleness and 
color. The color can be removed, at least In very large part 
by chemical bleaching, but this treatment leaves it too weak 
for practical use. On the other hand, the qualities of harsh- 
ness and Stiffness and dark color all make It an especially 
good material for doormats and h allmats and for various 
kinds of brushes. It Is for these uses that the coir has its 
chief market value. This combination of stiffness and elas- 
ticity also gives it a oertalii value<^as a stuffing fiber, and the 
poorer qualities of coir are marketed, under the name of 
mattress fiber, for such use. 

It Is also made to combine with wool In the manufacture 
ot carpets and mgs of great durabUlty and richness of 
effect, and to make brushes and brooms for household and 
stable purposes, matting for sheepfolds, pheasantrles and 
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poultry yards ; string lor nurserymen and others for tying up 
trees &nd various gatxlen purposes; nosebags for horses, mats 
and bags for seed crushers, oil presses, and candle manufac- 
ture, The refuse o fthe husks Is used by horticulturists for 
many purposes. 

A vast commerce Is also conducted in the manufacture of 
coir cables, which are not only strong, elastic and buoyant, 
but are Improved and strengthened by Immersion In sea 
water, although fresh water is said to rot them. These cables 
are somewhat rough to handle, and not quite so neat looking 
as those made of hemp, hut their greater elasticity renders 
them superior for many prrpoaes. 

Toddy , — In the East Indies palm sap used as a beverage Is 
known as toddy. In the case of the cocounut the sap Is ob- 
tained from the unopened flower cluster. This is gradually 
bent downward so that when cut the sap will drip freely 
from the cut end. The tip of the cluster is then removed with 
a sharp knife, enough being cut off to include the ends of the 
younger brandies of the panicle. The toddy collector carries 
a vessel usually of bamboo into which he pours the sap which 
has flowed from each cluster, leaving in its old place the vessel 
into which the sap has dropped. Each time the tree Is visited 
another thin slice Is removed from the cut surface and the 
thinner the slice the longer the toddy will continue to flow. 
If a slice Is removed three times u day instead of only at 
morning and at night, n greater flow can be obtained for the 
24 hours. The toddy Is used either as a fresh beverage, or 
for the production of liquor, as well as for making sugar 
and vinegar, and as a source of yeast. 

Arrack , — The strong liquor distilled from the sap of the 
cocoanut and other palms is known as arrack. 

Sugar — Cocoanut toddy has long been used as a source of 
sugar through out the Far East The business, however, is 
everywhere a purely local ono. The sugar c*ontent of the sap 
as it flows from the tree Is high enough for the sap to be 
figured as a cheap source of cane sugar, but the fermentation 
is so rapid that the sugar which can be made from it is de- 
cidedly higlj-priced. For the manufacture of sugar, It Is 
necessary to Inhibit the fermentation of the sup as com- 
pletely as possible The commonest w^ay of doing this In 
Malaya and Ceylon Is to put into the vessels which collect the 
sap a little of some finely powdered bark which is rich In 
tannin. The sugar which Is produced in this way is called 
“Jaggery.” From good sap, 1/12 the weight of Jaggery can 
be produced. 

THE GROWTH OF THE TREE. 

As our pictures show, the cocoanut Is a tall, handsome, and 
picturesque palm. While it is found in many parts of the 
tropics where it is able to obtain enough water, It yields the 
best results between the latitude 70*N and 12®S, which are 
outside the hurricane zone. Authorities differ as to whether 
Its original home is in the Islands of the Pacific Ocean or 
whether It Is, like all other species of the genus to which it 
belongs, a native of tropical America. The nut thrives best 
where the mean temperature Is from 76® to 85 ®F and the 
mean annual rainfall Is not below fifty Inches. It derives 
special benefit by growing on the sea shore, as the palms 
require constant and adequate moisture, and soil tliat does 
not becomo sour and waterlogged, for their highest develop- 
ment. Mountainous districts are not favorable to the co- 
coanut, nor are localities with a torrid and dry temperature. 
Moat experts agree that the best and most prolific estates 
are located near the sea, upon fairly level land, where rivers 
and torrents have brought down deposits of rich, friable loam. 
'•The nearer the coast the better the nut” is the general 
dictum, although trees grow with fair success up to an alti- 
tude of 2,000 feet provided that the temperature requirements 
are fulfilled. But the cocoanut palm does not fionrlsh on 
steep slopes nor In positions that are overshadowed and shel- 
tered, and it cannot tolerate the presence of stagnant water 
in the neighborhood of Its roots. Asqple sunlight, a sufficiency 
of moisture and large quantities of In the soil constitute 


its essential requirements, and that is why it prospers on sea 
beaches or in places near the sea. 

Obviously, soils vary according to region and location, but 
the best is an alluvial loam. Given this advantage the trees 
reach a state of great luxuriance. Light, deep, sandy loams 
overlying coral or some other porous substratum are also 
suitable, but the plant depends to a cunsidorable extent on 
the fertility of the soil and requires a liberal supply of 
humus — I.e , decayed vegetable mutter. Oocounuts do not 
prosper on pure sand alone, unless it be rex>eatedly fortified 
by quantities of manure and humus. Heavy clay soils and 
all those with an an impermeable substratum which are likely 
to hold stagnant water, as well as all shallow soils, should 
be carefully avoided. 

When the trees come into bearing the ripe nuts are usually 
gatherotl every two months by means of a knife attached to 
a i)Ole When the trees have leaclied a height of more than 
fifty feet however “cocoanut collectors” are employed. These 
pickers climb the trees until they reach the top where they 
are so near to the fruit that they <*an readily tell which Is 
ripe and which la not. At the same time they are able to 
search for and destroy the beetles which attack the cocoanut 
tree. Very high trees can be climbed only when the 
weather is fairly dry since In the wet weatlier the trunks 
are too slippery. The coir substance, which clings to the 
stem must on no account be interfered with, since it assists 
In retaining the moisture around the hud 

It IS better to let the nuts rcnmlti unhusked for two or 
three weeks after gathering, since this always insures a 
larger yield. It is estimated that 40 nuts per year can be 
counted on from each tree, though some give a much larger 
yield. The first transport of the cocoanut from the estate 
Is frequently accomplished by binding them together Into a 
sort of raft and floating them down canals to tlie sea. 


COMMKRClAt iMPOBTANfK OF COCOANUT PRODUCTS. 

Not only has the shortage of fats bei'cme menacing to 
health and life In America thus ensuring, as we have said, li 
wide market In the Occident for cocoanut oil, but It Is ex- 
pected that a constantly expanding market for this product 
will be found among the 600,000,000 of the population In 
China. In “All About Cocoanuts,” the interesting volume by 
Belfort and Iloyer a somewhat curious reason for this is 
given, to the effect that at the outbreak of the Russo-Japanese 
war oil producers In Europe and America made a sudden 
raid upon soya bean oil as a substitute for more expensive 
edible oils. This forced the Chinese to buy cocoanut oil as a 
substitute. But although soya oil receded in price the Chinese 
consumer has meantime become accustomed to the cocoanut 
oil and even prefers It. 

The following figures represent the imports of cocoanut oil 
and copra for the fiscal years of August, 1913, to July, 1914, 
as compared with 1918-1019: 

Cocoanut oil: 


August, 1913, to July, 1914.. 

August, 1918, to July, 1919.. 

Copra imports: 

August, 1913, to July, 1914 

August, 1018, to July, 1919 . 


74,067,372 

345,737.913 

100,868,374 

206.500,410 


niBMOORAPHY. 
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The Coco-nwf, by Etlwln Bingham Copeland 

All About Cocoamita, by Roland Belfort and Alfred Johan- 
nes Hoyer. 

Coco-mts: The Console of the Ea«t, by H. Hamel Smith 
and F. A. G. Pape 

Cocos Nutnfera, by Dr. F. W, T, Hunger. 

Coconut Orotoinff %n the PhtlippUte Islands, by Dean C. Wor- 
cester, War Department. Bureau of Insuiar Affairs, Manila, 
Philippine Islands. 



Chemical and Physical Properties of Dye-Stuffs' 

Acid and Basic Dyes in Gelatin Solutions 

By J. Traube and F. Koehler 


[The ortQmal article is both too long and somewhat too 
technical to be reproduced here in iU entirety. It is of such 
great value^ however, CHpcaally in view of the remarkable 
eicpansion of our dyeing industry that we are glad to publish 
an abstra^st of such portions of it as are of general interest , — 
The Editob 1 

I N a previous nuiniber of this jouruul (1915, IT, 42) we 
publhuhcd an a<5couiit of our researches conoemlng a large 
number of salts, adds, bases, narcotics, etc , with respect 
to the degree of rapidity with which a gelatine Jelly at a 
given temperature (about 26*'C.) passes over into the hydroaol 
conditions upon the addition of one of the said substances, as 
also the rapidity of formation of the gelatine jelly from the 
hydrosol condition In the presence of the acid substance. We 
found ourselves In agreement with the previous researches 
of Pauli, Hchiblg and others, to the effect that the dissolving 
of gelatine corresponds to a process of swelling while the for- 
mation of Jelly corresponds to a iBrocess of shrinking. We 
found further that the laws determined for gelatine are appli- 
cable to other colloids such as albumen. This suggested that 
it would be of esFpecial interest to extend these researches to 
the domain of dyestuffs. . . . 

We are indebted to the “Bndlschen anilin-und Sodafabrlk” 
for the following dyes, rhodamlii B extra, night blue, rose 
aniline, eosln B extra, erythrosln G, pure red B cone , phloxtn 
P, Bengal rose A.T, anthraqul non-green G.X,N., wool-violet 
S, methyl-green, crystal-violet, rneth j lenc-green BX, Toluldln- 
blue, methylene-blue, Nllenblue A cone., malachite-green BX, 
Indlgo-carmlne 

‘ From L. Casella & Company wo received new-blue R, cyanol- 
pure-green O, water-blue, acid-green extra, tannin-heliotrope, 
cyanol-green 00, formyl- violet SB, hrllUant walk-blue, Indazin 
N, acld-vlolet BS, nuphUndon BB, Isamine-blue 6B, tetra- 
cyanol SF, diamond phosphine II, cyanol FF, trypan-red and 
patent-blue V 

From C A. F. Kahlbaum we obtained safronln Q extra, Bls- 
ninrck-hrown extra, neutral rod extia, quinolin-yellow, martlus- 
>ellow*, plcrin-acld, gentlau-vlolct BB, Indlotrope BB, pure 
brown G. Congo-re<l, orange I, napthol-grcen B, azo-blue, azo- 
ruby S, Bordeaux R, naphlol-^ellow S, thionfn-blue, methyl- 
orange, brllllant-Congo G. light-green S, dlamlne^blue 3B, 
guinea-green B, VIctorla-'bluc B, and rhodamln B 
Finally, wo obtained from still other sources benzo-purpurin 
B and nlizarln-sapblol, chrjsanillne S, and chrysoldlu S. 

It Is only loo well known that In the case of many of these 
dyestuffs one must take into account certain impurities and 
adullerntlons. 

THK HAPIDITV OK SOI! TIOV AND OP FORMATION OF A OETJlTtNtt 

JRTXY 

We made use here of the snmo simple method employed in 
our provlouh work: (1 cem, of a 0.1 per cent dyestuff solution 
was mixed with 4 c<nn of 6 per cent perfectly pure and neu- 
trally reacting Nelson’s gelatine which had shortly before 
been heated to about no^C., regeunt glasses of equal width 
being emplo.v ^ > After a certain lapse of time the glasses con- 
taining thftr congealed gelatine vvere placed In a thermostat 
(usually at 26*C.) and the melting of the gelatine was de- 
termined by moans of small balls made of solid glass (these 
being better than beads). In the control solutions water was 
added in place of the djestuff solution. The direct error of 
observation ci>uld not have iK'en greater as a general thing 
than from one-half minute to one minute; however, in Jellies 

*Trans(aeeii for the JSolmti/to Amenoon Atonthlg from the /nterna- 
tionole.Itsiuchrift fuer Physikalisoh-ChemUrhe Biotogie (Berlin). 


of almost complete opacity, which were illuminated with an 
arc light, the error may be somewhat greater. 

Since it was observed that the time required for solution of 
the jelly apart from the substance added depended primarily 
upon the length of time it took the Jelly to form, the solutlon- 
pericNls for pure gelatine and for various dye-stuff gelatines 
wore first determined. . . . The Jellies were kept in an Ice 
box. [Table omitted.] The first observation made was that 
the well-known continuous alteration (lasting for weeks) of 
a gelatine Jelly, which can be perceived by the lessening of 
the vapor pressure, etc., corresponding to a shrinking process 
. . . and since such a hysteresis is not confined to gelatine alone 
this gradual process of shrinking is of much significance with 
respect to manifold biological and technical questions con- 
cerning the most various colloids, problems for example con- 
cerning dyeing and tanning processes, the period of Incuba- 
tion, etc. 

It was further observed that the highly colloidal basic dye- 
stuff, night blue (which contains dextrin) has a strong shrink- 
ing effect while the weakly baste rhodamlii B behaves not 
much unlike water. Among the acid dyestuffs anthraqninon, 
like benzo-purpurin, has a strongly swelling effect while 
Bengal rose which like night blue does not permeate plant 
tissues — after a lapse of three days — has a shrinking effect. . . . 

We next allowed the gelatine solutions which had served for 
the experiments to congeal once more and after a lapse of 
twenty-four hours placed them again In the thermostat at 
26’’0. and noted the time required for solution. [Table 
omitted ] 

Later, the gelatines were again placed in the thermostat 
(after a lapse of another twenty-four hours) after previously 
being congealed In a freezing mixture at — 10®0. and the so- 
lution time again noted [Table omitted,] 

It was found that after several days d> e-stuff Jellies, such as 
the gelatines of anthraqninon benzo-puii>Brln in which the 
dye-stuffs have a swelling action gradually undergo liquefac- 
tion starting from the surface even at ordinary temperatures 
or In the Ice box. while In the enhe of dye-stuffs whlCli exert 
a shrinking action, such as Bengal rose, nlglit blue, etc., a 
similar liquefaction was not observed even after eight days. 
This phenomenon which was discovered to be quite general 
among the various dyestuff Jellies examined Is partly, but not 
entirely, dependent upon the collecting of bacteria and bac- 
terial toxins. 

It must be noted that the above mentioned dye-stuff-gela- 
tine hydrosols. also can bo refrigerated at — 100®C. Into solid 
carbon dioxide plus ether. The subsequent molting at 20®O. 
revealed, however, only very slight differences In the solution 
times compared to hjdrosols which had been congealed at 
0*‘C 

Since the differences in the degree of shrinking and swelling 
of the dye-stuff Jellies Increase in proportion with the dura- 
tion of the time during which the jelly is kept before the 
solution test, the following experiments were all carried out 
In such a manner that the Jelly had previously been kept 
seventy-two hours In the Ice box. The degree of concentra- 
tion of the Jellies was the same as above and the temperature 
in the thermostat was 26®C. to 26.5®C. Several days later 
(four to eight days) the experiment was repeated at a tem- 
perature of about 28*C, [Here follow the series of figures 
obtained which are omitted,] 

The most noteworthy result of our experiments as alhown 
In the tables is the demonstration that basic dyestuffs exert 
a shrinking action while add dye-stuffs^ on the other hand, 
exert chiefly a swelling effect, though a lesser portion of them 
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i^Lso )iaTe a slinking effect, Tbe add dye-stuffs which exert 
a shrinking action (Bengal rose, erythrosln. phloxln, pure red, 
pure hrown, azo blue, etc,) belong as we shall see to the im- 
permeable or slightly permeable dye-stuffs. It is these whose 
Jellies do not deliquesce in the air. 

It is a well-known fact that the non-crystallized basic dye- 
stuffs sometimes contain admixtures of dextrin, etc., while 
the add dyo-stuffS contain sodium sulphate, sodium blsulphate, 
etc. Since, however, only 0.06 per cent of the dye-stuff was 
contained in the Jelly, the small quantities of such salts pres- 
ent are practically without Influence upon the swelling ; other 
eaperlments proved that even 0.5 per cent of dextrin had no 
Influence upon the swelling. . , , 

In the shrinking and swelling action exerted by colloids on 
the part of dye-stuffs we believe we have discovered a new 
factor which sheds light upon the most various phenomena 
not only in the technology of dyeing and tanning but lu his- 
tology and possibly in photography, since what has here been 
proved true with regard to gelatine Is likewise applicable to 
numerous other colloids, albumen, the fibers of plants and 
animals, etc., as shown by our experiments. 

The greater the shrinking effect exerted by a dye-stuff the 
less necessary is it in general to assist the fixation by the 
employment of a spodal mordant. [The accompanying tables 
are here omitted,'} 

As shown by the tables basic dye-stuff may be expected 
as a usual thing to accelerate the formation of the jelly while 
most acid dye-stuffs retard the formation. 

Tue CAPACITY FOB DIFFUSION IN JELLIES AND ITS KAPIDITY; ALSO 

SWELLING AND SliBINKING IN RELATION TO CELL PEBMEABILITY, 

In a comprehensive study concerning the absorption of col- 
loids by the vegetable “plasma-skin’* Ituhland arrives at the 
conclusion that the capacity fur diffusion and the rapidity of 
diffusion of dye-stuff solutions in Jellies, especially In gelatine 
Jelly, run parallel “without exception” to the capacity of dye- 
stuffs to penetrate living plant cells; also that “the living cell 
resembles an ultra-filter operating at a high pressure by reason 
of its seinl-permeable plasma-skin with respect to colloids,” 
and likewise that “the dispersive power of the Jellies of the 
plasma-skin constitutes the decisive moment for the capacity 
and rapidity of absorption,” 

Ruhlond’s views are highly esteemed and Justly so, and we 
should probably have never thought of criticising them but 
for the circumstance that the facts proved by us with regard to 
the capacity for shrinking of the basic dye-stuffs and the 
capacity for swelling of numerous acid dye-stuffs have forced 
upon us the conclusion that the capacity for swelling and for 
shrinking and therewith the capacity likewise of Jellies to 
liquefy, or to congeal, as well as to lessen or to Increase the 
friction of the cell sap, must be one of the factors which exerts 
an Influence upon the permeability, and especially too upon the 
“storage” and rapidity of storage of dye-stuffs. 

[We are obliged here to onut the detatled criticism made by 
the authors concerning Ruhland*s methods and conclusions 
together tetih the elaborate tables which accompany it, merely 
giving their final conclusions , — Editor ] 

When we compare the permeabilities determined by Euh- 
land (which must be determined for basic dye-stuffs in other 
plant objects as well as for add dye-stuffs) with the diffusion 
values obtained by me, we undoubtedly perceive that they 
largely coincide. In spite of this It Is not possible to regard 
the penetration of fdant cells by dye-stuffs merely as a dif- 
fusion In Jelly— in other words as an ultra-filtration. 

Among the basic dye-stuffs wo will refer only to rhodamin B 
and Bismarck brown; It Is well known that in many dye- 
stuffs the differences of diffusion are very great where grada- 
tions of permeability are not specified. 

With respect to add dye-stuffs we found very marked ex- 
ceptions In t&e case of wool-violet and Martlus-yeUow. We 
may mention, also, methyl-orange and fast-brown O which 
dfffuJK readily but permeate with considerable difficulty. Bosin 
and phloxln and also erythrosln and Bengal-rose diffuse better 


than might be expected from their Very low degree of perme- 
ability. Add green, light-green S, and naphtol-green permeate 
readily and diffuse poorly. 

The very drcumstance that we found very different perme- 
alblUty values for basic and add dye-stuffs (though making 
use of similar sections of plants) whereas the figures for the 
Jolly diffusion of add and basic dye-stuffs exhibit similar 
intervals, Indicates that there are concerned Impemieability 
influences other than Jelly diffusion alone. We know that Salt 
ions such as potassium, ammonium, etc., penetrate cells with 
comparative ease because of the fact that they have swelling 
properties (Just as narcotics do) ; but we also know, on the 
other hand, that shrinking ions such as caldum, SO*, or non- 
conductors such as varieties of sugar i>enetrate only with 
great difliculty. Wlieii we find, therefore, that basic dye- 
stuffs nearly always have a shrinking action, while on the 
other hand acid dye-stuffs mostly, or at least very frequently 
(and in Increasing measure with the lapse of time) exert a 
swelling action, we can hardly avoid the conclusion that we 
have here the key to the different behavior of basic and add 
dye-stuffs with respect to caimclty for storage and rapidity of 
storage, and furthermore, that the properties of swelling and 
shrinking cannot be excluded from the problem of permeable 
Ity. . . . We are of opinion that when dye-stuffs such as eosln^ 
phloxin, erythrosln, and Bengal rose permeate less readily 
tlian they diffuse In Jellies, It Is necessary to take Into con- 
sideration the shrinking properties of these dye-stuffs (these 
properties being greatest in the poorly permeating dye-stuff 
Bengal-rose). 

JELLY DIFFUSION AND DIALYSIS 

[This section begins with a table here ormttedy giving the 
rapidities of felly diffusion and dui lysis as noted by various 
observers — Editor ] 

An examination of the foregoing table justifies us In conclud- 
ing that the rapidity of gelatine diffusion is parallel in general 
to rapidity of dialysis Only in the case of neutral-red Is 
there a slight difference. Furthermore, the dialysis values 
. . . are much less exact than the values of the Jelly diffusion 
and are derived moreover, from various observers According 
to Hoeber, guinea-green B diniyses rapidly, while according 
to our own observation guinea-green R diffuses very slightly 
in gelatine The value concerned Is 4(2). 

According to Teague and Buxton dye-stuffs are arranged 
with respect to tlie capacity for diffusion in one per cent agar 
almost in the same sequence ns In respect to their capacity for 
dialysis through a cellulose filter Eosin, methylene blue, 
chrysoldin, and safranln diffuse strongly, Congo-red and azure- 
blue diffuse very slightly, and night-blue not at all 

While we by no means claim that the rapidity of diffusion 
and that of dialysis run parallel to each other without excep- 
tion, the coincidence of values shown above leads us to con- 
clude that the ijernieablllty of plant cells may be regarded 
quite as Justifiably as a simple dlalytlc process, as It can be 
considered as a proc'esa of Jelly filtration. We do not deny, 
Indeed, the iMissibillty that jelly filtration occurs in plants, 
but convincing proof thereof is thus far not at hand. 

The analogy of the results given by gelatine, agar, and 
cellulose, Justifies us in believing that for different colloids 
the snine or nearly the same sequence of diffusing and dialyz- 
ing substances exists. 

THE COLLOID \L CONDITION OF DYE-STUFFS. 

Ruhland has Justly observed that the direct ultra-micro* 
scopic examination of dye-stuffs has laid bare many contradic- 
tions. Since dye-stuffs are frequently impure, containing small 
admixtures of sodium-sulphate, dextrin, etc., which influence 
the ultra-microscopic image, such contradictory results are not 
to be wondered at. In spite of this we are of opinion that 
more precise ultramlcroscoplc investigations are best adapted 
to furnish a concept of the colloidal condition of various dye- 
stuff substances. 

Rubland believes that certain indirect methods, like the 
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method first proposed by Uoeber of the predpitaibility of add 
dye-stuff solution by varying concentrations of calcium chlo- 
ride or nickel-chloride» as likewise the Jelly diffusion methods 
of Bcchold (utilizing the i>riDclple of uUra-flltratton) are to be 
preferred, although these methods are certainly far from 
perfect. 

Pelet-Jollvet correctly points out that the methods of pre- 
dpitation are primarily related to a chemical exchange. The 
sodium salt of the dye-stuff Is exchanged at least partially 
with the caldum salt or nickel salt concerned, whose difficult 
solubility will primarily Influence the process. In spite of this 
we are also of the opinion that in general, or at any rate 
usually, the values obtained by this method admit of the con- 
clusion as to the dispersive power, but the method should be 
c*ontrolled by the direct ultra-microscopic method. 

The same restrictions must be applied to the principle of 
ultra-filtration. 

If this principle be strictly accepted the measurements of 
diffusion would yield an exact nensure of the dispersive 
power and if we admit further that the rapidity of diffusion 
and permeability always run parallel, wc shall arrive at the 
theory advocated by Ruhlnnd according to which the magni- 
tude of the colloid particles is decisive with respect to the 
permeabiUty. But this is really a revival of the old “sieve 
theory’* of M. Traube — at any rate so far as colloids are 
concerned. 

Attention must be called, however, — In opi>o8itlon to the 
principle of ultra-filtration — to the alterabllity of the dispers- 
ing Jelly through the substance added If we filter through 
gelatine various diBper.sed particles of the same colloid or 
different colloids having the same degree of swelling or shrink- 
ing effect, we are Justified in determining in this manner the 
relative magnitude of the particles, but if we try to compare 
dye-stuffs having a marked swelling effect with those having 
a marked shrinking effect, we shall inevitably arrive at false 
conclusions concerning the degrees of dispersive power. Thus 
for example, a dye-stuff of the eosln group may be only 
slightly colloidal, and yet In consequence of Its capacity for 
shrinking It may take the place of a highly colloidal condi- 
tion. In spite of these restrictions, however, which must be 
considered in estimating the value of the ultra-filtration 
method, we are of opinion that it is usually possible to obtain 
In this manner an approximately correct Idea of the dispersive 
power of the dye-stuff colloid IIo\^ever, Ruhland’s “sieve 
theory” should be restricted in this case also by saying that 
the diffusion and permeability are influenced, not only by the 
magnitude of the imrtlcles but also bv the capacity for swelling 
or shrinking of the dlspersoid with respect to the dispersion 
medium. 

:^rOT.15<'tTT.AB WKtOHT. COLLOIDAL CONOITIOW AND DIFFUSION, KTC. 

In a work by Truubo and Onodera It was shown that in 
aqueous solutions of free alkaloids sub-mlcrons do not become 
visible until the molecular weight exceeds a certain minimum 
magnitude. Thus there is indicated a dependence of the col- 
loidal cotidflitlOQ upon the molecular weight; however It is 
pointed out that the molecular weight Is not the only factor 
In question, but that constitutional Influences are present, 
though, perhaps, of secondary character. It was not known at 
that lime to one of us — namely Traube — that similar views 
had already been proposed with respect to dye-stuffs. Erafft 
has pointed out the significance of the molecular weight with 
respect to the colloidal properties of dye-stuffs. Buxton and 
Teague have sh^wn furthermore that the capacity for dialysis 
and therewith dispersive power, in spite of certain devia- 
tions, bear a quite unmistakable relation to the molecular 
weight; Wo. Ostwald has published In his volume of Colloidal 
Chemistry a table in *^hidi the same results are indicated. 

[Here follows a table which we omit shoieing the deffree of 
parallelism between molecular wdehts and colloidal condition. 
— Edttqr.1 

To begin with we would like to call special attention to the 
fact that tbe Jelly diffusion can by no means be regarded 


always as a measure of the dispersive power. We may also 
remark that the high mdecnlar weight of the group: Eosln, 
phloxln, erythrosin, and Bengal rose, can be traced to the 
greater number of atoms of chlorine, bromine, or iodine; fur- 
thermore, the nature of the atom doubtless iplays a part With 
the exception of these dye-stuffs, however, it cannot be doiibted 
that in general the capacity to form colloidal aggregates — as in 
the alkalolde— -Increases in proportfon with the molecular 
weight, even though other influences cannot be excluded. This 
relationship between molecular weight and dispersive power 
is of the highest importance with respect to the principles of 
colloidal chemistry. . • . 

CONCEBNINO STORAGE AND DTEINO. 

. . • The rapidity of storage is an exceedingly important 
factor. We will now enquil'e what factors are Chiefly oper- 
ative in causing a dye-stuff to be precipitated at a definite 
locus of the cells. 

The reason that the basic dye-stuffs have a considerably 
greater capacity for storage than the majority of the acid 
dye-stuffs, is to be attributed above all to thoir property of 
producing a shrinking effect. The greater the shrinking ef- 
fect exerted by the substance the less will be its need of a 
mordant in order to fix It Dye-stuffs which have a swelling 
effect exhibit a tendency to permeate while those which have 
a shrinking effect have a tendency, on the contrary, to allow 
themselves to be absorbed. A dye-stuff having a strong shrink- 
ing effect, such as night-blue or naphtindon, naturally exhib- 
its this tendency in a fur greater degree than a slightly 
shrinking dye-stuff of great dispersive power, like methylene- 
blue, etc. Krafft has already pointed out that It is also true 
for highly colloidal acid dye-stuffs, like azo-blue and dlamln- 
pure blue that they are capable of dyeing cotton without a 
mordant. 

In our diffusion experiments in which 5 cem of 10 per cent 
gelatine were placed in small test tubes and coxcred with 1 
com, of a 0,1 per cent solution of dye-stiiffs, we found that 
after a lapse of eight days a complete clarification of the dye- 
stuff solution occurred In the aqueous superficial solution of 
azo-blue, isamln-blue, naphtindbn, and new-blue, with a de- 
posit of the dye-stuff upon the surface of the gelatine. We 
are here concerned with highly colloidal dye-stuffs which, like 
azo-blue, isamln-blue, and napbtindon, undergo no diffusion 
In the Jelly, or which like new-blue diffuse very slightly. 

An almost complete clarification with a dyeing of the gela- 
tine surface was observed In the case of heliotrope, water- 
blue, fast-brown, Congo-red, fast-red, Nile-blue, Bordeaux, 
Victoria-blue, brilllant-Oongo, and altzerln-snphlol These are 
all highly colloidal dye-stuffs and the process of dyeing can 
be most clearly observed here. The more dli^rsive dye-stuffs, 
which diffuse more strongly In the gelatine do not exhibit this 
capacity for storage or else show it only in a slighter degree; 
furthermore It need scarcely be mentioned that in the absence 
of the gelatine phase even the highly colloidal dye-stuffs are 
not deposited. The gelatine surface exerts an attraction upon 
the imrticles of dye-stuff whether these be acid or basic, pro- 
vided only the said particles are of sufficient magnitude. The 
particles become aggregated and form upon the surface of the 
Jelly a cohesive layer of the dye-stuff of measurable thickness. 
But it must be emphasized that we are here concerned with a 
colloidal ond not a chemical process, as is true in general of 
dyeing processes. 

It is a known fact that the capacity for absorption of sub- 
stances frequently bears a close relation to the activity of 
the surface. In the section following are contained the super- 
ficial activities of the dye-stuff solutions here investigated. 
It might be thought that a dye-stuff of great surface activity, 
e.g. rhodamln B would be absorbed in greater measure, in 
spdte of its great dispersive power, than methylene-blue for 
Instance; however, basicity also plays a port here and we 
lack technical Information concerning the dyeing power of 
the various dye-stuffs as such, to enable us to express this 
relation between surface activity and storage capacity. 
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We are coaceroed aaturally in the conelderatleti of the dye- 
ing capacity and storage capacity of dye-staffs, not merely 
with the dye-stuff Itself, hut aibove all with the electric charge 
of the locuM in which the storage takes place, with the pres- 
ence of the substances which are found there, with the medium 
In which the dye-stuff operates, and particularly with the pos- 
sible addition of a third substance to the medium involved. 

We must, therefore, at once reject the hypothesis of those 
authorities wlio uphold the chemical theory of the process of 
dyeing acoordlng to which the fibers must contain basic or 
acid groups in order to absorb acid or basic dye-stuffs re- 
specitvely. It is certainly true that when at the loci in ques- 
tion an-lonic colloids (like tannin) are found dye-stuff cat- 
ions are there deposited and vice versa; but on Die other hand 
the presence of free hydrogen ions at once accelerates the 
deposit of dye-stuff au-lons and on the other hand the pres- 
ence of hydroxul Ions accelerates that of dye-stuff cat-ions. 
It is well known in fact that it it customary In the technology 
of dyeing to add to the sodium salts of the acid dye-stuffs, 
assistant acids such as sulphuric acid, etc., or acid salts, while 
to basic dye-stuffs sodium carbonate, etc., are sometimes added. 

[We here otntf a series of detailed experiments along this 
line, giving merely the definite conclusions of the authors . — 
Editob.] 

Taking everything into consideration we must again lay 
stress upon the fact that in our opinion tlie storage and dyeing 
process is cc>lloldal In character and not stolclilometrlcul-chem- 
Ical In spite of the partial dceouiiposition of the dye-stuff salt. 
Definite Influences are exerted by the nature of the dye-stuff, 
the re8i)ecilve acidity or alkalinity of the dye-stuff jon, the 
swelling or shrinking properties connected therewith, the dis- 
persive power of the dye-stuff and apparently, also, the surface 
activity. A definite Influence is exerted furthermore by the 
add or basic reaction of the medium and the storage locus 
(limiting surface of the phase) ap, likewise, the presence of 
colloids ha\ing opposite electric charges, which occasions a 
floQCUlent separation. All the Influenctn* M'hlch oecuslotn a 
lessening of the dispersive power of the dye-stuff increase the 
absorptive power. 

THE SUHFACK TENSION OF DVE-STUFF SOLUTIONS 
[We omit the lengthy table with which this sectum opens 
It gives a list of baste and acid dye-stuffs with their «ttr/ace 
tensiom (determined by a stalagmometer) , a>id in parallel 
columns the average duration of Ufe of fish in a 0.02 per cent 
solution and of tadpoles in a 0.1 per cent solution — Kdttob.] 
While the detemdnafclou of the toxlcltles of dye-sluffs lies 
somewhat outside the scope of the present article we find It 
desirable to record Ihe degree of toxicity w'lth respect to both 
animals an(| plants of the various dye-stuffs examined The 
results of the Investigation of barley will appear shortly else- 
where : we give here only those resi>ectlng ‘*BlItzflsch ” Our In- 
v estigatlons Indicate that In basic dye-stuff solutions the sur- 
face activity 18 by no means a negligible factor It Is clearly 
connected with the complex magnitude which we term toxicity. 
The case is different with the acid dye-stuffs. 

Two fishes each were placed in 0,02 per cent solutions of 
prlcrlc acid, Martlus yellow, Bengal-rose, Brilllant-walk-blue, 
erythrosln, tetra-<?yanol, Congo-red, dlolnln-blue, Guinea green, 
fast-brown, Bordeaux, add-vlolet, methyl-orange, naphtol- 
yellow, add-green, crystal poncean, quinolin-yellow, water- 
blue, and fast^ed. 

Picric add and Martlus-yellow proved very poisonous, kill- 
ing the fish In 5 minutes. In fast-brown both were dead after 
0 hours, and one was dead in brilliant walk-blue and in 
Bengal-rose each. Both wore dead after 20 hours In tetra- 
cyanol and one each in crystal poncean and Congo-red. All 
the other fish were very lively. 

Two fish each were then placed in 0.1 per cent solution (l.e. 
five times as strong) of the following dye-stuffs ; cyanol, indlgo- 
cannine, Orange I, naphthol green, Ught green, bellotroxle, 
eoidn, phloxln, aso-blue, azo-ruby, anthra-quinon-green, bril- 
liant Congo, and thlo-earmine. 'After 2 hours the fish In 


Orange 1 and in brilliant Congo were dead; those in phloxln 
still exhibited reflex motons. We conclude therefore that 
nearly all the acid dye-stuffs are quite non-polaonous, Including 
those with great surface activity. . , . 

SUMMABY. 

1. Basic dye-stuffs In general exert a retarding action upon 
the rapidity of solution and ah accelerating action on the 
mijildity of formation of a gelatine Jelly Hem^c they have 
a shrinking effect As a usual thing the more colloidal the 
dye-stuff the greater the capacity for shrinking, 

2. Acid dye-stuffs In many cases accelerate the rapidity of 
solution and retard that of the formation of a gelatine Jelly. 
Hence they have a swelling effect in many cases. However 
there are many also which have a shrinking effect (Bengal 
rose, erythroHln, azure blue, etc.). 

3. Diffusion tests In gelatine show that in general, but by 
no means always, the capacity for and rapidity of diffusion of 
dyo-stuffs run parallel to the perineubllily in plant tissues, but 
that we are not Justified In regarding permeability as a simple 
process of jelly diffusion — tlie less so, since It lias been shown 
that tlie capacity for and rapidity of dialysis through paper 
filters, etc., likewise usually run parallel to the capacity for 
and rapidity of Jelly diffusion and permeability. 

4. In gcinoral the greater or lesser capacity for jelly dif- 
fusion, and therewith the principle of ultra-filtration, may be 
regarded as a measure of the magnitude of the colloid particles, 
but this is by no means always so, since shrinking and swell- 
ing substances constantly alter the medium. 

5. As in the alkaloids, so also In the dye-stuffs the dis- 
persive power is primarily dependent upon the molecular 
weight. The capacity of substances to form colloidal aggre- 
gates is accordingly chiefly a function of the molecular weight. 

6 The capacity of dye-stuffs to exert a shrinking or swelling 
effect is a factor which must he taken into account in the most 
various problems of biology as well as in the theory and 
technology of dyeing. Swelling favors permeability as a gen- 
eral thing, while shrinking favors storage The problem of 
permeability requires consideration of this new factor for 
its solution. 

7. New views with respect to the question of dyeing In 
general are based uiKtn experiments In gelatine diffusion; 
among other things the effect of the addition of acids to acid 
dye-stuffs and of alkalies to basic dye-stuffs may be made 
clear. A dyeing process is In general colloidal In nature and 
not a chemical process governed by stoichiometric relations. 

8 Measurements of the surface activity of dye-stuff solu- 
tions and determinations of the degree of toxicity show that In 
the case of basic dye-stuffs there is a definite (though not 
exclusive) connection between surface activity and toxicity 
with rcsiKJCt to tadpoles and fish. 


NEW METHODS OF PREVENTING THE PROPAGATION 

OF TYPHUS. 

A NEW “do-louslng*' method lias been developed by the 
Pasteur Institute of Paris and applied at Its various centers 
throughout France. Clothing, bedding, etc., which are to be 
treated are hung up In a large oven or chamber, heated to 4.5 
degrees C. and containing 20 c.c. of chloroplcrlne per cubic 
meter of air (l.e. 1 to 50,000). Chloroplcrlne Is well known 
as one of the asphyxiating gases used in the war. France 
possesses a considerable stock of this product, which like 
many others of Its kind, can now be turned to a good advan- 
tage. Prof. G. Bertrand, of the Pasteur Institute, has recently 
examined the disinfectant and parasite-destroying properties 
of this substance. After a 20^minute treatment In this cham- 
ber, the parasites are entirely destroyed throughout the whole 
thickness of matresses and clothing, and the latter can be 
worn Immediately afterwards without having suffered in the 
least. The present method, which Is due to a careful research 
on the part of specialists, will render the greatest service 
against the propagatdon of typhus. 



Commercial Fertilizer 

Brief Discussion of Its Functions and Methods Used in Its Manufacture 

By Thomas R. Harney 


F or years past, except for a period during the early part 
of the war there has been a steady IncreuKe in the amount 
of artliflclal or ''commercial" fertilizer used in the 
United i^tates, and now that we are preparing to get settled 
down after the turmiu>ll. It is probable that this Increase will 
oontinuo. This Is especially probable in view of the present 
d'lffleulties \\iUi the quantity and quality of farm labor, and 
of the growing agitation for intensive farming, since it c*an 
be shown by agrliculturul exi>orts tlmt in many cases the ju- 
dicious use of the proi>er urtlflcial fertilizer will serve the 
double purpose of saving labor and of increasing crop yield 
Since successful crop production, us a factor In the reduction 
of living costs, touches nil of us, a brief discussion of the 
functions of coimueiviul fertilizer and of its metliods of 
nninufucture may l>o of Interest. 



FIG 1 ACIDULATING RUITJ>ING WHERE ACID 
PHOSPHATE IS MADE 


In the prodiK'tilori of an> crop there are three principal 
elements wlilch the soli must supply, namely, nitrogen, potas- 
sium ami phosphorous. Through long established custom, in 
the fertilizer business these elements are usually knovm as 
“ammonia," “potash,” and “phosphoric acid,” and for the 
purpose of lielnjg. conventdonul I will so refer to them, though 
sdentlflcnlly names are intwrect, being the names of 
compounds containing the corresponding element, which com- 
pounds are seldonn present to any large extent in fertilizer. 

Certain soils, particularly those of virgin nature, may be 
sufficiently rich in all three elements; others, either naturally 
or through exhaustdon by continued cultivation, may need 
the ad«(^tUm of one, two or perhaps, all three elements from 
some ^ftslde source. The office of commercial fertilizer Is to 
aid th« natural farmyard manures In supplying this lacking 


plant food, In the proper proportions for a given soil or a 
particular crop. 

The nitrogen used in artificial fertilizers Is supplied from 
various sources, some of them inorganic^ as in the case of 
nitrate of soda and sulphate of ammonia, and some organic 
as tankage, dried blood, fish scrap, cottonseed meal, etc. 
Nitrate of soda is found in Chile, and In practically no other 
place in the world. Its preparation for use consists merely 
in “leaching" or dissolving in water to free It from insoluble 
impurities and in the subsequent evaiwraticm of the water 
solution to produce the crystallized salt. Sulphate of am- 
monia Is produced' by absorbing in sulphuric add the am- 
monia gas which is given off during the manufacture of coal 
gas in by-product coke ovens or gas producers. During the 
war the manufacture, or rattier the recovery, of this material 
was considerably increased, due to the fact that a largo part 
of the available nitrate of soda supply was required for the 
nuanufacture of nitric acid. I say the “recovery” was in- 
creased, for Vie have always produced many thousands of 
tons more than we have saved, allowing it to escape all over 
the country from the clUmneys of our houses and our power 
{plants, and from the vent-holes of our old-time *^bee-hlve" 
coke ovtms. Sulphate of amfluoiUa l» only one of the by- 
products of the distillation of coal, for the loss of which 
future generations will Jeer at us us n race of barbarians. 

There Is another sourt‘e of ammonJa, which has developed 
rapidly In the last few years, and which seems destined, per- 
haps, to play a very important part ki the future. It Is known 
as “cyanamJd," and is the product obtained by what is, to 
date, probably ttie most successful of the “alr-nltrogen" pro- 
cesses. The details of Its manufacture would require too 
much spaice for this brief discussion, but it may be sold in 
passing that by the aid of the electric current the producers 
of cyanamld have tapped what ap(>oars to be an Inexhaustible 
source of nitrogen. Every ounce of that element which occurs 
in the oyanamdd of commerce has come from the atmosphere, 
and os the atmosiihere is nearly eighty per cent nitrogen, it 
remaJne only to bring the process to the hlgliost possible state 
of effidency to have at hand an ample supply of nitrogen for 
fertilizers— or explosives. 

The other organdie ammicMil-ateB are too numerous to permit 
of complete discussion here, but in most cases their names Indi- 
cate the sources from whioli they are derived. During the last 
year or so the use of some of them as stock feeds has become 
so extensive as to make the current prices almost prohibitive 
so far as fertilizer ^manufacture is concerned. 

The sources of potash In the United States are also too 
numerous to allow a discussion here of its preparation. The 
“American Fertilizer Handbook" for 1919 says: “Production 
of potash in the United States during 1918 came from seven 
different sources, ns follows: Natural brines, alunite, dust 
from cement nvtllB, molasses distillery waste, waste sugar re- 
finery water, and wood ashes. The amount from other sources 
was negligible." Aluntte is a potassium bearing mineral found 
In some of the western states, and kelp is a sea-weed. The 
other sources are self-explanatory. Of the potash producing 
capacity of the United States, fifty per cent is represented by 
the natural brines of Nebraska and twenty-eight per cent by 
other brine lakes. (The Am^can FerttUzer Handbook, 1919.) 

Since practically all commercial fertilizers contain add pbos- 
pliate as their source of phosphoric add, the manufacture of 
this compound will be discussed at somewhat greater length. 

SAW MAtniAXS. 

The raw materials necessary for the tnanufacture of add 
phosphate are sulphuric add and “phoapbate rock," The 
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former le somettniM nwnuta^ured ta a idant o(»er«ted as a 
department <mC the ferttUaer 'worke, and eometixnea boocbt and 
shipped in fronv the outside. In either case It la need In the 
f6m of a water solution, usually containing about sxlty-flTe 
per cent, by weight, of sulphuric add — the approximate 
strength of “chamber add” direct from add chambers. The 
iduMgdiate rocfc is mined, in the United States, prlndpally in 
Vlorlda, Tennessee, and South Carolina, though there are 
large, undeveloped deiMMdts In other states, espedally In the 
west. It occurs In various forms, from the very hard “blue 
rock” of certain deposits la Tennessee, to the gravel and peb- 
bles of Florida “land-” and "river-pebble." It Is usually 
crushed, washed, and dried at the mines being delivered to tbe 
fertilixet plant, sometimes ready for the pulverizers, and some- 
times requiring a prelloxitnary rougb crushing. 

There is some difference of <H>lnlon as to the exact oiigin 
of the phosphorous In phosphate rock, but It Is pretty gen- 
erally agreed now that It was originally of an organic nature, 
suCh as anitnal remains, bones, excreta, etc. The chemical 
Gompoeitton varies almost as much as tbe physical form, but 
most plants In the country operate on rock containing from 
idxty-flvo to scventy-flve per cent of trl-culdum phosphate, or 
“bone phosphate of lime” as it is commonly called. 

CHRMICAT, BASIS OF MANITFACTUBK. 

The chemistry Invohed In the manufacture of phosphatic 
fertilizer is based upon the fact that there exists a series of 
compounds formed from phosphoric odd and lime, all of 
which contain these two substances In varying proportions, 
but which have very different characteristics otherwise. The 
two of these compounds which are of particular Interest from 
a fertilizer standpoint are known technically as “trl-cnldum- 
phosphate” and “raono-calduin add phosphate," the former 
being the bone phosphate of lime mentioned above as occurring 
in phosphate rock, and the latter the "acid phosphate” of 
commerce 

The chemical formulae for these compounds are, respective- 
ly, Ca,P,0„ and GaH4P,0,. As their names indicate, the for- 
mer contains three atotns of calcium (Ca), equivalent to 
three molecules of lime (CaO), to one molecule phosphoric 
anhydride (PiO,), while the latter has only one molecule of 
lime to one molecule of the anhydride, but In addition has 
tour atoms of hydrogen. Ttie presence of the hydrogen gives 
to tbe compound the title “add” phosphate. 

By the action of the proper amount of sulphuric acid tri- 
osid iiim phosphate noay be converted Into the mono-calcium 
compound, or to express it In a more sdentiflc manner, tour 
atoms of hydrogen are substituted for two atoms of calcium. 
The rlispluced oaldum forms caldum sulphate (OaSO«) with 
the sulphate (SO«) group of the add, and this calcium sul- 
phate then plays an inkportant part in the conditioning of 
the mass through tbe taking up of two molecules of water 
by eaich molecule of caldum sulphate, to form gypsum 
(OaSO^SHiO), thus serving as a dryer. 

Besides the differences in oonstltutloa shown above, mono- 
oaldium ackl phosphate has the Important property of being 
readily soluble in water, which trl-caldum phosphate is not 
In this fact lies the value of odd phosphate as a fertilizer, 
since when placed in the soil It becomes immediately available ' 
for plan * food through the action of moisture. On tbe other 
tri-caldton phosphate, or raw phosphate rock, while 
prot>ably rendered ulttmately available through tbe action of 
the dilute adds usually present Ifi soils, would require con- 
sMerabla tlffie, iperbeps years, to furnish as much i^nt food 
as the same amount of phosphorous in the form of add phos- 
idiate would provide in a few days or weeks. 

TBX PBOCB88. 

Fig. 2 Is a flow sheet of the add phosphate process, showing 
in outline the steps whldi are taken to convert raw phospbats 
rock Into commsrdal fertlUsmr. 

When the rock arrives at the plaht, It Is sometimes ready 


for tbe imlverlzer, and sometimes requires a preUmiaary 
rough, crushing. In case the cruehtng; is necessary the usual 
apparatus Is the familiar Jaw crusher, so set as to produce 
material which will paqa a oue-Indi ring. From the crusher, 
or from the cars, as the case may be, the rock is fed to the 
pulverizer shown In Fig. 4, where it is reduced to dust In 
the past it has been customary to he satlsfled If this dost be 
Buffldently flue for about 80 per cent of it to pass a 60- 
mesh screen (I.e., a screen having sixty medies to the lineal 
inch, 3,000 to the square inch) but the modem fendency is to 
work toward a greater flnenesa A good many of the later 
plants are using dust 90 to 85 per cent of which aill pass a 
100-mesh screen. 

The pulverizer, or "mlU” shown In the Illustration depends 
solely upon centrifugal action tor Its grinding. As may be 
seen by an examination of tbe picture there Is a central shaft, 
driven by a pinion and large ring gear. Attached to this 
shaft. Inside the casing of the mill are three amts, forming 
a “spider," and at the end of each arm, suspended In trun- 
nions, is a “roller” The main part of the roller is approxi- 
mately two feet long, with the roll proper at the lower end. 


Row Matcriol Raw Moto-iol 



FIG 2 STEPS IN HUB PROCESS OF CONVERTING RAW 
PHOSPHATE ROCK INTO COQCM10RCIA1< FERTILIZER 

and as the shaft Is revolved, the centrifugal force causes tills 
roll to press against a “bull ring” on tbe InsMe of the mill. 
The rock la fed to the inner cbamhcr of the mill by means of 
the spout shown at the right of the ring gear. This spont, at 
its upper end, leads to a rock bin to whlrii tbe rock la raised 
by a bucket elevator. 

Just back of tbe bull ring, and between it and the casing, is 
a flfty-merii screen, and when the dust Is sufficiently fine to 
pass this screen It drops through n chute Into a screw con- 
veyor operating under the mill, and Is delivered to the boot of 
another backet elevator which raises It to the top floor of the 
building. This elevator can be seen, faintly, at the extreme 
left of the picture. 

Some pulverizing units have the screen and ^ill separate, 
the dnst being elevated from tbe mill, screened and the oversize 
automaticaUy returned to the mill for another grinding, and 
where the extreme fineness mentioned above Is dealred, air 
separation Is used. This consists in raising the dust from the 
mill through pipes by means of a draft of air, and then sud- 
denly allowing tile air to expand in a "dust collector.” This 
expanMoo, of coarse, lessens the velocity of the air current, 
and the coarser iiarticles of dust are dropped while the finer 
and lighter particles pass on to the dust Mn. The coarser 
material returns to ^e mill tor another grinding. 
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PIG, 3 MIXING THE DUST WITH 1 10 4. THE PULVERIZING MACXIINB WHICH REDUCES 

SULPHURIC ACID THE CRUSHED ROCK TO DUST 


The next step in luamifincture is the mixing of the dust 
with sulfvhurie acid. This Is caiTled out lu the “mixing pan” 
shown lu Fig 3. This is u shallow, cast iron pun, tho station-' 
ury upper part of wliieh can he Heen In the Illustration The 
lower j:>art extends ))enettth the hour. As may be seen n 
geared driving ring eoii]([de(eIy surrounds the body of the 
pan, This Is drlveu by a pinion, concealed behind the staneli- 
Ion ttt the extreme right of tiie figure, and In revolving ro- 
tates the intn. The object of course, is to give a thorough 
stirring to the contents, and this purpose is still further served 
by the “plows,** the driving gear of which ts shown. A shaft 
from the beveled ring gear, shown Just behind tlie post at the 
right center of the illustration, extends downward through 
the stationary top of the pan, au<l ends in a four-armed spldet. 
To each arm, and extended Ktlll further downward into the 
mass to be mixed, is a cast steel bar, chisel pointed, and with 
the point hent slightly forward in the direction of rotation 
of the spider. As this j^ilder revolves, and the raaterlul in 
the pan Is carried inist hy the rotnIJon of the latter, this 



inutena) is given a \er> tliorough mixing. When it reaches 
the other side of the pan It meets another plow, hidden, lu 
the illustration, behind the hopper, which revolves in the 
opijosite dlreclhm from the first one, so that a very few ro- 
tations of the pun serve to complete the mixing process. 

In the oiperatlon of “mixing,” also known as “ocldulatlon,’* 
the dust is drawn by gravity from the dust bln on the next 
lloor, into the large weighing hoi>per, shown in the center of 
the illustnition. Tills hopi>er Is shown empty, when full the 
weight arm in the foreground rises in Its slot During this 
operation, an approximately equal weight of about sixty-five 
l>er i-ent sulphuric acid is being drawn into a measuring tank, 
not shown In the figure. When both are full, lhe.\ are run 
into the pun siiimillaneously, the dust by oiKmlng the slide 
shown at the bottom of the hopper and the slide shown la 
the stationary to^i of the pan, and the aiid by opening a 
valve in tho lead pliie line which can be seen crossing over 
to the center of the pan, behind the stanchion at the right. 
It usually requires only about a minute after both materials 



Fia 0 THE) TRACK UNDER THE DEN. THK QUEEN PHOSPHATE FALM TEfROUQH BLOTS IN THE FLOOR W THE DEN 

INTO DUMiPXNO CARS 
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are in the pan for the mixing 
to he compete. The operator 
watchea tb» action through 
the dnet charging hole, and 
when it in completed he rai»e$i 
a plug, the operating handle 
of which can be seen Just 
over the add inlet pipe, al- 
lowing the mixed mass to 
flow out through the bottom 
of the pan into what Is known 
as the “hot den" or simply 
the “den.” 

This den is merely a strong- 
ly constructed' room, capable 
of being tightly sealed except 
for one opening connected to 
a large exhauster which 
draws off the steam and gases 
generated by the action. The 
function of the den is to con- 
serve the heat generated and 
to keep the reacting materials 
pressed together unt 1 1 the 
action is complete. This ac- 
tion, of course, commences ns 
soon as the acid and dust 
come In contact in the pan, 
but it has been found to con- 
tlnne for some time after that. 

After from twelve to twenty -four hours in the den action 
has practically censetl, though it may go on slowly for sev- 
eral days or weeks, and the material, now “green“ add phos- 
phate, Is withdrawn This withdrawing Is aocompllshed in 
various ways — sisnetiimes by conveyor, aometiraes, In the very 
old plants, by liand, and In some of the moat modem plants 
4>y having the den top rettiovuble, allowing the den to be 
emptied by an electric crane and bucket. In the particular 
plant shown in (he illustrations, there are two slots In the 
bottom of the den, covered by loose boards while the den is 
being fllled, but which can be opened when desired. The green 
pho&qphate is rake<l through these slots by hand and falls Into 
dump cars oi)erating on the track shown in Fig. 5. As can 
be seen these tracks extend over the storage plies, and the 
car when fllled Is drawn out over the pile by the cable shown 
at the left of the figure. This cable oi>erates on tlie endless 
chain principle over a large motor-driven pulley, luid when 
the car roadies the pile which la being built up. a trip block 


automatically opens It, allow- 
ing the contents to fall on the 
pile. As the car comes bade 
the same trip block closes it, 
so that it is again ready to be 
fllled as soon as in position. 
Until the introduction of the 
electric crane and bucket In 
the fertiliser business, this 
was probably tlib most effi- 
cient method of emptying the 
dens. 

Fig. 7 Is a view In the stor- 
age and shirH>ing shed, and 
shows a pile of acid phos- 
phate In storage. The length 
of time which this material 
remains in the shed depends 
somewhat upon the time of 
year at which it was manu- 
factured — whether near to or 
far from the planting season. 
Most operators, however, pre- 
fer that It “cure” or dry for 
two or three weeks before 
an> attempt is made to ship 
It, since before shipping or 
w hen mixing with ammonl- 
ates of potash-bearing mate- 
rials. It must be put through 
a ••disliUegrator" or “< lod-bicaker” to break up the large clods 
shown at tlie foot of tlie pile In the Illustration, 

There are many metluKls of «*ariylng out this shipping and 
mlviiig frcMu the old hand methods of some of the smaller 
pliuit*^, to the highly efllrient “bat<ihlug” hoppers and auto- 
matic weighing machines of the large modern works. Where 
the add phoNphule Is to be sldpped out as such, without any 
added ammonia or potash, It is atniply put through a disinte- 
grator and broken up so that it will imss a three or four- 
mesh screen It is then ready for shipment. 

The method of mixing In tlie plant shown in the Illustrations, 
which might, perhaps, be considered a good average of all meth- 
ods, Is as follows. Add phosphate, one or more ammonlates, 
and one or more potash-bearing materials are weighed up in 
wheelbarrows, on small platform scales The calculations of 
the amount of each material are a temple mutter of arithme- 
tic, the cheaiiical analysis of each, and of the desired mixture 
being known When weighed they are dumped Into the 



FIG. fl. THR MIXING PTyANT 



PIG. T. Tire «TOBAa» 4NT> SHIPPING PI/ANT SHOWING PILES OF ACID PHOStPHATB IN STORAGE 
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boot of an elevator, the houalug of which can be seen, with 
the sunlight falling on it, just back of the two bags in Fig. 6. 
The elevator raises it to a disintegrator at the top, and frovn 
there it goes over a three or four-mesh screen, the over-slsee 
being returned to the bottom of the elevator and sent again 
through the disintegrator. The material which passes the 
screen is sent to a mdxer, very similar in constructloo and 
operation to the ordinary batch mixer, where It Is given a 
thorough mixing. It Is then delivered to the hopper shown in 
the upper left of Fig. 0. 

From this hopper it is withdrawn and put into bags. The 
bagging Is done by means of the bogging scales shown In the 
figure. The hoop shown on the fuunel-8hax>ed attaobment at 
the end of the scale arm can be clamped around the neck of 
a bag in such a way that the weight of the bag and contents 
will support it. When the bag Is full — ^usually 200 pounds of 
fertilizer — the hoop is raised by a i^rp blow and the bag 
drops off to he tugged, sewed and loaded In car or wagon for 
shipment. 

A PRACTICAL METHOD OP FILING DATA FOR 
REFERENCE 

By J. Madison Taylob, A.B , M I). 

The plan here offered has been In use many years by me 
and my friends. It Includes provision not only for unanimity 
In the aBsetnbllng of choice duta to be used by the collector, 
but can be lent to any one else. When the death of an in- 
dustrious collector occurs, his data should be available by 
any one else working on similar lines. This last point, the 
ultlmule disposition of valuable material, deserves especial 
attention. 

And first is uniformity of method In the selection, arrange- 
ment and classification. My plan of procedure of assembly and 
bestowal might be agreed upon and adopted until a better 
one should offer. A considerable group of research workers 
would thus become able to interchange data, and to mutual 
advantage. This system has been found practicable among 
a group of my friends not all interested In medicine, but in 
correlated subjects such as genetics, psychogenetlcs, sociology, 
anthropology, and human economics So excellent are some 
of these collectanea that wo would deplore their dispersal 
or loss. 

In my system the simple device is used of an ordinary com- 
mercial vertical filing case 12 Inches by 10 Inches, Wood 
material preferred as safer as a “flash fire” protection. This 
system or container is <*oiivenlcnt for tiling a full flat sheet, 
deleted from a medl-cal weekly, 8% Inches by 11 inches The 
standards ore removed and the full sheet taken out. ReliitCHl 
sheets ore then clipped togetiier and inscribed on the right 
shle (which thus appears up In the folder, bonce the lns<Tip- 
ilon catches the eye). They are groux>ed In a threefold 
manner, thus: (3) a general classification; (2) a particular 
grouping; and (3) the specific topic all In inanllla folders. 
More often the general subject is the only one stated. These 
are then filed by a secretary and await revision and dispo- 
sition. These excerpts are taken from publications differing 
In size, but the maximum space of the commercial filing case 
suffices for medical and most other publications, scientific 
magazines and the like, from which material is taken. 

1 find it convenient to use three different colored folders 
to indicate (1) tb4 general subject, a sort of “omnium gath- 
erum'* of heavy buff (manilla), (2) a pink one for selected 
or grouped tfttbjects, and (3) a blue one for the particular 
aspect of the subject under consideration and also such mem- 
oranda, notes, partial manuscripts as should be kept together. 

In the first reading of a journal my plan is to merely survey 
each article, to determine whether the subject or caption in- 
terests or not Often one finds some parts of use, or some ob- 
servation or ^nt, which I mark by a system of blue or red 
I>encilllngB. This article Is then removed, set aside, and it 
generally gets a second survey before it is filed (In buff 
manilla) and half the time Is later, and should be, rejected. 


If it proves choice or suitoble^ it Is furthw inscribed and 
goes into a pink, or even a blue folder. This routine, by the 
way, occupies so little time that ^evefi Journals are deposed 
of and kept up to date wltih no waste of effort, now that the 
habit has become almost an automatic doing. 

When I desire to Inform myself on a special topic 1 can torn 
to the general subject (which generally occupies sevaral ma- 
nilla folders) and rapidly pidk out special material to be 
placed in a pink folder, and when in haste I can run over 
these and get enough selected data for a blue one, and go to 
work. Note that materials thus assembled are original arti- 
cles or at least first-hand abstracts, and among these will 
be found references to other articles or to text books and 
the like. 

In providing space for general subjects some large topic 
may occupy an entire drawer, others only half a drawer. The 
lettered spaces can be relnscribed or specially labelled to suit. 
It is well to put all the manilla folders at the far end of a 
space, and together^ since they are subject to constant revisions 
and rejections. The folders fluctuate In bulk as they become 
filed, and as distributions or rejections are made. 

A number of useful devices were developed as experience 
grew but this outline may afford bints enough. Each indi- 
vidual making use of the system wilt devise yet others. The 
chief points 1 wish to emphasize are the desirability of the 
adoption of some uniformity in literary material, 

also the wisdom of preserving such material after one has 
taken pains to assemble so much, he shall then be able to pass 
the collection on to others. It would seem to me that one 
who has made a considerable repository should notify the 
librarian of some central or local library specifying the sub- 
jects he has covered and any other pertinent facts, such as 
bow large the stock is and what special topics the collector 
has been interested in. It may well happen that there is also 
a good deal of half finished, or pretty well completed manu- 
script. The title of these manuscripts should also be available. 
I keep such a memoranda, or table of contents in a blue 
folder. Should I pass out note ray '^heirs and assigns'* would 
probably cast all this material in the rubbish heap. Another 
or many others however, might be roost glad to get this data. 
I certainly would be glad to have had access to similar reser- 
voirs and manuscripts. 


STARCH FORMATION IN LEAVES, AND PHOTOGRAFIIIC 

PRINTS 

Photographic prints from negatives can be made upon the 
leai es of living plants, thus putting in evidence the formation 
of starch In the leaves under the Influence of solar light. The 
experiments can be carried out with especially good results 
by employing nasturtium leaves for the purpose, since these 
are found to have the desired qualities such as a good fiat 
surface, thin substance and absence of small hairs on fila- 
ments, and these leaves will readily become discolored through 
tlie i^emovnl of the chloropbyl. Suitably chosen leaves are 
wrapped about with black paper in such manner as to protect 
them from the light for about two days, in which case all the 
previously existing starch is absorbed. Then the leaf is 
exposed to the sun for an entire day under a good strong 
negative, a portrait for Instance, and the starch will now 
be formed anew at the expense of the carbon dioxide and 
water vapor of the atmosphere In the parts which are ex- 
posed to the sun, in quantity depending upon the strength 
of the light, which of course d^nds In turn upon the varia- 
ble thickness of the negative. The leaf Is thereupon cut off 
from the plant, scalded f<nr one or two mlnntes in boiling 
water, and then placed in a bath of alcohol until it becomes 
discolored, since the dilorcH?byl dissolves in ibe alcohol. After 
this treatment, the leaf is dipped into a bath of iodine water 
diluted to about the color of strohg beer, and the starch will 
become colored a blue-violet hue, thus forming a positive 
image. ,T>^e process affords an Interesting result add also 
sets forth the part played by the chlorophyL 



Fresh Information Concerning Yeast 

Research at the Berlin Institute of Fermentation and at the Mellon Institute at Pittsburgh 


P erhaps the plant which haa heen longest cultivated 
by mankind Is the yeast plant, altlmugh It la only in 
comparatively recent years that It has been recognized as 
being a plant, and it Is still more recently that the nature of 
Its activities has been understood; still, fermented products 
were doubtless used long before agriculture began. Extensive 
researches with respect to yeast have been occupying men 
of science in various countries during the last ten yours par* 
ticularly. Some of the results of these researches have al- 
ready been laid before the readers of the Scientific American^ 
especially with regard to the work done m Germany concern- 
ing yeast a vahiaible food mtaterlal, as u txisslble substitute 
for bone, ivory, etc, and as a source of fats, sugar and 
protein derived directly from sulistanoes It la the purpose of 
the proHimt article to supplement this information on the one 
hand by an account of the latest available knowledge con- 
cerning the researches conducted by the Berlin Institute of 
Fermentation with regard to the mineral yeast so loudly 
heraldoil, le jenst grown from inorganic substances instead 
of being obtained as a by-product from beer, and on the other 
by a rinvmi^ of the work done at the Mellon Institute respect- 
ing ttie iinproveinent In tlie quality of bread by the addition 
of certain mineral compounds which furnish a portion of the 
nutriment required by the yeast As will be seen the German 
reseurtlies — 'more ambitious Chan tliose conducted in tills 
country — while eminently successful in the laboratory, are as 
^et a failure economically. Whereas the group of chemists at 
the Mellon Institute have succeeded brilliantly In both better- 
ing the quality and lowering the cost of bread by means of 
mineral nutriniients for the yeast plant. 

Yeast is a fungus which is very simple in organization It 
consists of microscopic oval cells, three or four microns in 
length which multiply hy budding and readily separate from 
each other V«ist does not produce alcoholic fermentation 
directly but only under special conditions through the inter- 
vention of various dlsastases which it secretes In normal 
conditions, l.e when It is cultivated In the air it secretes only 
Bucrase and It Inverts sugar without causing fcnneiitation 
In this case it breathes like an ordinary plant, absorbing the 
oxygen of the air, setting free carbon dioxide, and consuming 
only the <*ompnra lively small quantity of glucose which it 
requires tor its nutrition and doing this exactly like any other 
fungus which is not an alcoholic ferment 
But ns soon as the yeast is deprived of air its respiration 
ceases and the secretion of zymase (a diastase having the 
property of breaking up glucose Into alcohol and carbon 
dioxide) begins, the result of this is alcoholic fermentation. 
In this latter case the cell acts as a ferment and the cellular 
niutlipllcation is less abundant than in the first case 
The yeasts employed in breweries are the cultivated yeasts 
belonging to the species Saccharomyces cerebUiae; after fer- 
mentation they are deposited at the bottom of the vat, where 
they can be recovered to be employed again Since they multi- 
ply during the process of fermentation there always remains 
under normal circumstances a certain excess which is used 
for preparing bakers* yeast. 

**««** 

When It was first proposed to make use of yeast for human 
food and animal fodder In Germany, the excess product de- 
rived from the brewers was employed, being dried, sterilized, 
and if necessary freed from its bitter flavor. This product was 

^Transforming Sugar Into Protslns and Fats, SoUntifie Amerioans 
Vol. lia, ly. 446. 

Deriving Fat from Yeast, Scientific Americans Voi. 114, p, 101, 
Buttons at a Byproduct of Yeast, Soientiflo Americans Vol. IIS, 
p. 428. 

Dried Seer Yeesit as an Article of Food, Sdenti^ Amerioans Vol. 
79, p. Sll. 


of great service dating from November, 1914; when employed 
as cattle food it took the place of 60 per cent of the protein 
previously furnished by Imported fodder In the form of cereals, 
hay, Oil, fish meal and drbHl meat. This dried yeast contains 
from 6 fo 10 per cent of water, from 50 to 60 of proteins, 
from 2 to 4 per cent of fatty substances, from* 22 to 35 per 
cent of organic matters of non-protein character (especially 
of carbohydrates, of which 20 per cent on the average consists 
of glycogen), and finally of from 5 to 11 per cent of mineral 
ash, 2 iH^r cent of the latter being phosphated substances* 
From 78 lo 88 per cent, varying according to the animals 
<*on<*erneil, are assimilable 

Biewt‘rs* jeast either fn»ah or dry has long been employed 
In medicine, especially In the Ircatntent of bolls Invstiga- 
llon has proved that the curative virtues of this are not due 
to the fact that it contains living substances, the “figured” 
ferments dlastuses, zymases, for the slerllizeil product retains 
all these medicinal valiums When uschI as a human food, 
yeast can be eoQsuiiR*d In ainounls of as large as 100 gr. 
per day 

Germany contained not less than 80 factories for the drying 
of jeast The dried yeast sold to l>egln with for 28 marks per 
100 kg. but its price rose to 80 marks. It is dried in the 
same manner as milk in the preparation of powdered milk, l.e. 
by depositing It in a thin layer upon revolving cylinders heated 
by steam anil provided with scrapers 

The manufacture of tills yeast was checked when the brew- 
eries went out of commission because of the lack of raw 
material These yeasts from the brewvries were cultivated of 
course by the sectiiid method of proliferation de^ribed above 

Yeast cultivated by the first method in purely mineral 
mediums has recelvtMi the name of mineral yeast. The possi- 
bilities of obtaining this so-called mineral yeast was demon- 
strated long ago. by Pasteur In particular. But in Germany 
the question was more urgent It was necessary to produce 
the yea^t rapidly ami In great quantities, and it was also neces- 
sary that It should he as rich as i>ossible In assimilable 
products. 

After a dilute aqueous solution containing sulphate of am- 
monia, phosphate of potassium, salts of lime and of mag- 
nesia, and sugar (molasses) Is planted with a very prolific 
yeast and is furnished with a sufficient amount of air, the 
yeast will develop rapidly without fermentation and without 
producing alcohol* This yeast separated by a filter press 
and then dried is mineral yeast. 

The raw materials which it is possible to employ Include; 

1. Instead of molasses the residual waters from the sugar 
houses, which contain not only a certain amount of sugar but 
also nitrogenous substances and salts of potash 

2. The residual waters of starch-works, which contain be- 
sides sugar nitrogenous compounds and mineral salts of nu- 
tritive value for yeast. 

3 The residual lyes remaining from the manufacture of 
cellulose paste by the bl-sulphite procesa; these contain both 
sugars and nutritive salts 

4. Urine and purln, which serve particularly as a source 
of nitrogen. 

All of these raw materials have been thoroughly tested 
since 1916, and have been found to yield materials readily, 
but in the laboratory alone and in industrial tests (as much 
as 30 cm of the solution ever in operation at one time), 
abundant quantHles of a yeast which animals become easily 

•At any rat© this Is true In theory, in practice, however, when 
yeaat li cultivated tn purely Inorganic medluina the prolLferatiou be- 
gins with difficulty and proceeds slowly ; while the reason for this Is 
M yet unknown, ftt Is pnAwbly due to an excess or a kick of some one 
of the salts. When yeast la cultivated In any sort of must on the 
contrary, such as that used In 'browerles, the proUferatton begins at 
once and oontinnes with great rapidity. 
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habltufttod to pro\liU*d It be ad(le<l to other foods to wiiich 
they are accustomed. 

Unfortunately genuinely Industrial and commercial at- 
tempts at inanunfcture, which took pla<‘e during the sugar 
campaign of 1017, 1918, were a complete failure. It had 
been expected that 88 per cent of the sugars employed could 
be transformed In the course of from 6 to 8 hours Into a dry 
yeast containing only 10 per cent of w'ater However, It was 
found that to accomplish this abundant aeration was required, 
and this could not be obtained except by the use of such power- 
ful bellows as to render the process imijosslble from the 
technlonl and economic pf>Int of view Furthermore when 
without the aeration the content of the yeast with regard to 
the proteins, already t^onslderably less than In beer yeast, 
was rcHluml from 00 to 35 pi'r a consldi'rable fraction 

lit the combined nitrogen in the raw materials was lost; 
In fact, in tJie form of free nitrogen It passed into the 
Btmosphei(‘ In the gasi'ous state 

Later attempts were successful In reducing the blowing ro- 
quin*d by tm^iiis of a new inetho<l and the distribution of air 
upon Uie yeast within the technically acceptable limits, but 
the resulting yeast utilizes only 82 per cent of the sugars 
employed These results remain to be carefully verified so 
that thus far the process cannot be regarded as commercially 
successful The objection has been raised that It would be 
moro advantageous to make use of the row materials listed 
above either in the form of cattle food or as fertilizing 
material. The answer to this is that while this would cer- 
tainly be a better form of utilization of the raw materials, It 
would subject their value to the uncertainties Involved in 
farming, namely, the changes of the weather and the various 
diseases to which the cattle are subject, to say nothing of 
the fact of the much greoter length of time Involved. 

Furthermore, mineral yeast Is far from being worth as much 
as brwers* yeast. When drle<l its content of nitrogenous 
substance is rarely as high as 60 per cent, that of carbohy- 
drates Is also less; whWe that of water and mineral salts is 
much higher Finally, (^rnparative experiments w'llh regard 
to Its digestion and assimilation by animals and by men, 
either witli or without the remo\al of the bitter taste, show 
that the total percentage of a'^slnillation 1& ahvays less, some- 
times (Hmslderably so , for each of these groups are footl mib- 
stan<*es, esiK-HHully the fatty matteis 

We are iiidelited for the data in tlu‘ preivding paragraphs 
concerning the German pnK'ess and n*sults to an article in 
the Chmnkvr ZeUung of Berlin an nlvstract of w'hlch appears 
in a recent number of Le (h^mc Cinl of Paris 

In 1911 one of the largest brtsid-maklng (H>n<*erns In the 
United States, having bakeries In several cities, established 
a fellowship In bread-making at Mellon Institute, Pittsburgh 
The w’ork was continued for several jears, with highly gratify- 
ing results, since the quality of the product w^as Imth im- 
proved and standardized, wdille the cost was lowennl These 
happy i'onsequences were chiefly due to the furnishing of cer- 
tain mineral substances which acted as a fo<Hl supply for the 
yeast. The investigations In question were <*arried on bv 
Messrs. Henry A Kohmann, Charles Hoffmann, Truman M 
Godfrey, Lauren H Ashe, and Alfred E. Blake Tlndr conclu- 
sions were first made public In a paper presented In abstract 
by Mr Kohmann, at the Urbana Meeting of the American 
Chemical Society, April 19, 1930. 

The first Important problem presented to this group of in- 
vestigators w^as the effect of certain mineral salts, such as 
are coiumonly found in natural waters. ut>on the fermentative 
activity of yeast The company referre^l to had been puzzled 
by the fact that it was found necessary to change both the 
quantity of y(‘a$t and the period of ferment in different lo- 
calities in ordef to produce bread of as nearly standard 
quality as possible, In spite of the fact that the raw ma- 
terials were Identical Investigation showed that variations 
In the activity of the yeast ware due to the differences in the 
mineral content of the waters used In^ making the bread. 


However, among the larger number of substances exam- 
ined it was found that remarkably few exert any important 
Infiuence upon fermentation in bread. The salts of the min- 
eral acids, such as chlorides, nitrates, nitrites and sulphates 
exert practically no Influence. The carbonates, which are 
very common la natural waters^ are objectionable because 
they neutralize the acids of the dough and thus interfere 
with the progress of the fermentation, the carbonates of mag- 
nesium and the alkali metals being especially detrimental. 
The potassium salts were expected to exert a decided Influence, 
especially the phosphates because of their high percentage In 
the ash of yeast, but were found to have only a very slight 
effect, that of the phosphates being not noticeable. 

Because of their frequent occurrence In water the salts 
of the alkaline earths were studied in detail, with results of 
surprising Interest, particularly the calcium saltA 

CONCLUSIONS 

Before going moro into detail it is advisable to put before 
the reader the most Important conclusions arrived at during 
the research. These are five in number: 

I By the use of milnute quantities of ammonium and cal- 
cium salts and potassium bromate In bread from 50 to 65 
per cent of the usual nmnunt of yenst can be saved 
II. Incident to the economy in yeast thus effected there is 
a savlhg of about 2 per cent of fermentable carbohydrates, 
calculated upon the total flour used, due to the greatly dimin- 
ished consumption of these by the yeast 
TIL The proper use of nutrient salts for the yeast gives 
greater control over the dough and aids In obtaining better 
and more uniform bread, regardless of locality 
IV. The added salts conserve the inherent qualities of the 
dough and consequently maintain its stability and strength to 
a far greater degree than by the old method 
V The finished loaves are impnived in quality, flavor, tex- 
ture, bloom, and uniformity 

AMMONIUM SALTS, 

Experiment pr4»ved that like many other adds glulaiub* acid 
matures or ages the dough and also Increases the gas set free 
by the jeast This accelerating effect was observed In bread 
and likewise In fermenting cane sugar, dextrose, and malt ex- 
tract In fermentation of this kind other acids falh*d to in- 
crease the fermentation as did glutamic acid hydr<»chloride 
So wo WH're led to believe that it was not a matter of acidity 
but that glutamic add hydrochloride owes its accelerating 
effect to this nitrogen content. With this Idea In mind, we 
conducted baking experiments with other nitrogenous sub- 
stances Ordinary peptone such as is used for cullurt* media, 
as already knowMi, accelerates alcoholic fermentation greatly 
but this substance is expensive and. accordingly, attention 
was directed toward cheaper materials which would accom- 
plish a similar result The salts of ammonium were found 
fully as dfidenl as peptone 

I3arly In the research It was obscrvetl that the Increased 
fermentation, due to the ammonium sulphate, matured the 
doughs in a much shorter time Bread fermentwl 3Vjt hours 
with the use of nmimonium sulphate was pra<dically as ma- 
ture as the control bread In 4yj houns Obviously then, this 
salt can be used for the production of bread In a shorter time 
On first thought one might Infer that this action would be 
taken advantage of in Increasing the output of a bakery; this, 
however, is not the case The oven capacity, more than any- 
thing else, governs tiic productive power of a bakery. Al- 
though a short fermentation period is highly desirnlile to the 
baker shop, there is a limit beyond which it Is not safe to 
go. Unforeseen delays are frequent In the daily operations 
and since these often occur when the dough Is already work- 
ing, over-fermentation Is the result. The shorter the fermen- 
tation period, the greater will be the over-fermentation when 
delay occurs. In our opinion, according to present practices, 
the fermentation period should not be less than 4^^ to 5 
hours for hard wheat flours, excepting in special cases in 
which It Is necessary to produce bread In a very short time to 
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meet rush orders. In general, the Increased fermentation due 
to the addition of ammonium sulphate can best be utlUzed by 
reducing the amount of yeast that is ordinarily required. 

In small quantities, the volume remains practically un- 
changed, while it is diminished by 1 g. or more. Alkalis are 
very detrimental in bread and this, no doubt, explains the 
inefflclency of ammonium carbonate. Moreover, it was ob- 
served that ammonium carbonate imparted an objectionable 
odor to the bread. The carbonate may be used successfully 
only when sufficient acid is used to neutralize Its alkalinity. 

Ammomiium fluoride accelerates the fermentation quite as 
much as other ammonium salts if used in small quantities, 
but in larger quantities It retards fermentation to a marked 
extent. 

There was a decided Increase In volume and gns produc- 
tion with the increase in (he calcium chloride content of the 
dough. Tho texture, flavor, and general appearance of the 
bread were Improved as well The loaf volume was in- 
creased considerably more than the gas production, which 
would indicate that calcium clilorlde has an effect upon the 
gluten of the dough as well as uiwn tho yeast Tn the light of 
some experiments conducted by Hardy uiwn the effect of 
electrolytes on the strength of wheat flour, this stvois highly 
prolmble. 

It had been previously demonstrated by one of these investi- 
gators that the losses In bread-making depend to a large ex- 
tent upon the amount of fermentation which the dough under- 
goes In a normal fermentation the losses were found to be 
5 15 per cent, while with the same flour the total losses weie 
only 1 81 iKT cent when the loaves were placed Into pans at 
once upon mixing The bread olitained In this way was de- 
cldesllv poor, as is always the case when it is \er.\ much 
uiider-fennented, and it was made in this wai merely to 
detect any diffenmee In losses due to fermentation. In self 
rising breail the losses w'eie found to be only 0 44 per cent 
This dlffereiKt' in the losses of the two types of bread was 
explairuMl as follows (1) Ymst pioduces 1 04 jmrts of alco- 
hol to ever> i>art of <arhon dioxide, both of which are largely 
driven off during the proci'ss of baking, while in sall-rlslng 
bread there is no alcohol produced (2) It is iic<*essary to 
ferment yeast bread In tin* sponge and dough stages from 5 to 
8 hours, and, us it is allowed to rise in loaf form in the pans 
but one hour or less, only a small part of the total gas pio- 
duced Is actually used in aerailon, w’hile salt-rising bread is 
made Into loaves and placefl In the pans immefllatel> upon 
mixing the dough and \ery little gas is lost (8) The gases 
produoe<i by yeast consist of earlmn dioxide, while those pro- 
diieeil in the salt-rising ba( tcnuni consist of about 1/8 carbon 
dioxide and 2/3 hydrogi'ii, which is only 1/22 us heavy as the 
former. 

The fact that the losses in oidlnary hn'iid are dependent 
upon the anvouiit of fermentation led ns to suspect that with 
the use of yeast stliniulants the decomposition of sugar w'oula 
be less timn m a normal dough, because tlie initial fermenta- 
tion is much slower and the total gas prodiKtlon Is less With 
this Idea in mind, w’e made three imnnal doughs and three 
with a reduction of 50 i^r cent in thi‘ usual amount of 
yeast and with 05 g ammonium sulphate and 1 2 g mlcluni 
chloride in 1.000 g. of flour The gas evolved la the usual 
time from 50-g. portions of tho doughs was collected in 
Bunsen gas holders and from tho total weight of gas produced 
the quantity of sugar decomposed was calculated, assuming 
that the carbon dioxide evolved represented 45 per cent of tho 
loss in sugar. 

It will he noticed that tho conbumptlon In sugar is consid- 
erably higher in the control dough than in the one with 
added salts. The difference represents tho saving in sugar 
that is eifecteil by the use of ammonium and calcium chlo- 
rides in bread. 

USK OF POTASSIUM BROMATR. 

In connection with the use of these salts as jeast nutri- 
ments in bread-making, with special reference to the lossesi 


mention will be made briefly of pota^Hiuln brnnmle as used in 
conjunction with them 

In the fennenlntion of bread, a two-fold object Is accomp- 
lished, namely, the maturing or aging of the dough and the 
aeration of tho bread The former Is accomplished during 
the fermentation period, which takes from 4 to 6 hrs in the 
best practice, and the latter during the proofing period, wlilch 
requires from i/j to 1 hr After the dough is sufficiently 
matured, or aged, It passes through the dividing and moulding 
machines, which prt^s out practically all of the gas. Then 
It Is put into pans and allow tsl to proof, and only the small 
fraction of tho total gas which is prodii<*ed while tho bread 
is In the puns actually functions in aerating tlie broad The 
effect of the potassium hroinate upon the dough is essentially 
an aging, or maturing offoct and is characterized by the ex- 
ceedingly small quantities re<iuin‘d 

ITp to a oeitain point the gns retaining power of dough and 
the loaf volume are Incrensinl by fei mentation , then the dough 
liecornes **rotten,” I e , if no longer retains the gns well and, 
accordingly, tin* ^olllme is greatly reduced 

A desirable quantity of potassium broiiiato — say 0015 g 
per batch of dough containing 000 g of water- ages the dough 
so decidedly that 25 or 30 per cent of the usual amount of 
>enst can be saM'd wntliout imparting to the bread any of 
the eharaoterlstics of nnder-fermentation, such ns heaviness, 
daik {‘tdor and coarseness in texture In fact, the bromatc In 
these quantities Improves the dough with n»si>e<‘t to texture 
e\en though the >e.ist is reducisl by 25 per C4‘nt This pro- 
nounced effect is attributed to tho oxidizing power of this salt, 
foi It has been found that by passing oxygen through the dough 
a similar maturing action Is ohtiUmHi, but of a h*sser degree 
This Is probably duo to the condition of tho oxygen — In one 
case WM* ha\e Tiiobs'idar ox>g4Mi and in the other we have 
nascent oxygen — the nascent oxygon being more powerful than 
tho inoh>culnr, and, therefore, ha\lng a greater maturing 
action on the dough The effectiveness of the nascent oxy^gen 
is indeed surprising, for the quantity of the [Hitasmum bromatc 
Is so small that the total avallalde oxygon is less than 1 cc. 
I>er loaf of bread. 

When p<dassiuni bromatc is used lii addition to ammoninin 
and raid nil) sails, It eflects a sin mg in veast of 25 to 30 
jM‘r cent ot tlie amount re<iiiliefl without It For instance, 
when 30 per cent of the usual amount of veast can he saved 
with the yeast stimulants, tho saving mav lie Increased to 
05 iR'f cent with the addition of p4)tasslum bromute. 

The aging, or maturing effect of potassium bromaio uinm 
the dougli, without ImTeasing the rate of fermentation or the 
sugar c'onsumptinn by the yeast, results in a much greater 
saving in sugar than that due to the yeast stlniulants alone 

Six hours’ fermentation is the approximately normal period 
in the liest baking prnctiet*, 5 hrs in the dough state and 1 hr, 
after th<» liread Is iriadt* up into loaves Tlie range betw’eon 
5 and 7 lioiiis* fermentation will cover most variations In 
baking proc 4 *ss, due to the requirements of different flonr» 
and the type of hnsid desired It is clear from the result«« 
<ited ulK)ve that the losses Increase ns the fermentation pro- 
eoeds and that they are uniformly lower in the now process. 
Tlie difforencx' in the nv4*rago losses la^tween the two processes 
ai* 2.23, 2 25, and 2 22 per cent In 5. G and 7 hours respectively, 
which Is practically a constant This Is to ho explainecl by tho 
fact that after 5 lunirs the rate of fermentation in the two 
pnicesses is practically the same The difference In doeonipo- 
Rition of sugar occurs mostly In the Initial siagCN of the 
fermentation before the nutriments greatly accelerate the 
activity of the yeast 

It will be noticed that with the normal amount of sugar 
and added salts the bread Is much richer in this substance 
than the control, while if 2 25 per tent less sugar is used in 
the batch, the broad la slightly richer In sugar than the 
control bread. 

It is Interesting to note that for .several hours there Is an 
inereaHC in the sugar content of the dough, the old process 
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reuchhig a maximum about 2 hours after the dough Is set 
uud the uew one at about 4 hours. In the light of this fact, 
It is evident that sugar analyses upon dough cannot serve 
os an Index to sugar consumption by the yeast. The results 
are of Interest, however, in demonstrating the activity of 
diustatic euKynu^, lii the new process the sugar content Is 
higher at the end of the fermentation period than at the 
beginning, showing that the production of sugar Is greater 
than the consumptlou. In tiie old process, this does not obtain, 
us there Is nearly 1 ]>er cent less sugar at the end. The dif- 
ference In the sugar content between the two doughs at the 
l>eginulng is due to the fact that less sugar is regularly used 
in the new process 

The economic saving possiiile by the proper use of nutrient 
salts, in the advent of u ratlier general adoption, sums up to 
surprising figures Take, for example, the saving in sugar on 
the average Hour production of the State of Kansas — say 20 
million barrels or nearly 4 billion (xmnds. A saving of 2 
per cent on this amount is SO million pounds, and it Is mainly 
sugar that is decomiiosed and thus lost in bread- making. The 
ecenomles In the yeast are greater than those In the sugar 
lOven the moderate use ot su<*h a iirocess means a considera- 
ble saving to tlie etnmtry, and Is a step toward conservation 
of resources. At the present time, UiN process la used com- 
rnerdally in the manufacture of iiioie than a million loaves 
dally. 

A further advautage Incident to this pnxs'sa of bread-mak- 
ing was observed in the in (Teased slaldllty and stiffness of 
the dough. 

The new process lias lieen ustsl f(»r breads of various types, 
such as pan breads, Vienna and French breads, also for rye, 
tlraham and whole wheat breads. Likewise, it has been used 
with spring, winter and Kuiisas flouis, and the different gratles 
of flour, and has been found to be universally applicable 

In conm*cUon with the different grades of flour. It should 
be said that the prot^ess cannot be used to give bread the 
appearance of being made from a higher grade of flour than 
la actually employed. The Improvement In color with the 
use of the new process Is due to the improvement in texture 
and <'anuot be regarded us u bleaching process The grayish 
color of the lower grades of flour remains In the bread made 
by the new process Just ns it does In the usual proi’eaa. By 
any process, the color of the crumb Is Imiproved by fermenta- 
tion up to a maximum and in tlie new process the same changes 
are noted; much less >east, however, Is required to accom- 
plish the desired results. 

The practical nindlcution of the new pr(HS)ss has met with 
success, and it is now in operation In a large number of 
bakeries. A nuiuber of these are under the diriH'tlon of one 
superintendent, who claims that the process has been of ma- 
terial aid In standardizing the manufacture and maintaining 
uniformity of the bread in the different localities. As already 
stated, certain differences were noticed in the bread in a chain 
of bakeries, although all the raw materials were identical. 
These ha\e bt'en practically overcome by the new process, 
which virtually standardizes the water used for the baking 
purposes. This would be expected, because the required nutri- 
ment is supplied by means of these salts used as yeast food, 
and the addition of further mineral matter, either through 
the water or otherwise, has less and less exect as the quanti- 
ties increase. It is a general rule that, in the addition of 
nutriments or activators in steps, the first portion added has 
n correspondingly greater effect than the succeeding portions. 

For the sake of convenient and accuracy in the use of 
these salts, they are in practice mixed with flour and salt, 
so that it requires 8 oz of the mixture for dO lbs. of water, 
or approximately 100 lbs. of bread. 

It is but natural to intiulre: What becomes of the chem- 
icals during the fermentation uud baking of the bread? The 
purpose of the ammonium salt, as already stated, is to supply 
tlie nitrogen requlreH h> the yeast and It it of Interest to 
know whether any of it remains In the bread. 


Bread No. 1 was made by the new process and it is not as 
iiigh in ammonia as No. V made without yeast nntriments. 
None of the breads has an aiimmmta content that It Is at all 
.srlgnlflcant, * 

The state of combination df calcium in the bread is scarcely 
subject to questton. It has been 'shown by Teller* that the 
phosphoric acid In flour exceeds by ten times the calcium 
and it may Im safely said that even by the use of the new 
]>roct*ss, the bread contains several times os much phosphoric 
acid as is required to combine with the calcium. Under those 
('ondltions, the potassium phosphate of the wheat undoubtedly 
Interacts with the caldutn sulffliate, as it does in worV io 
acciirdance with (he following equations; 

KILPO 4 +CaS 04 » CaHPO* -t-KHSO* 

2 K, 1 IP 04 -f 3CaftO* « Ca,(P 04 )i +K,S 04 + 2 KHSO 4 

It Is known® that the calcium requirements of the body can 
Ik> supplied by inorganic as well us by milk calcium. Abder- 
halden® has demonstrated taht the complicated organic sub- 
stances of our foods are replacs'able by the simplest struc- 
tural materials and that these are built up Into various tissue 
^u4)atances. It should be mentioned in connectloci with the 
iiHc of calcium salts in bread that Rudolph Emmerich and 
Ohcbx Loew® advocate the use of caldum salts In bread from 
a purely dietetic standpoint. 

The Increased lime content of bread by the use of the new 
process Is a very happy coincidence, even though Incidental. 
Unfortunately in modern methods In milling, the greater part 
of the constituents of wheat la lost to white flour. As indi- 
cated by Teller,^ seven-eighths of the phosphoric add and 
<4e>en-fourteenths of the potash and lime of wheat are found 
ki the stock f4'ed ; consequently, a partial restoration of the 
lime in white bread must be considered highly desirable. 


ARTIFICIAL CAMPHOR 

TiiK word camphor was long applied rather Indiscrimi- 
nately to a large number of solid products extracted 
from natural essences. At present, however, It Is con- 
nt'd to the product obtained from the “camphor tree” or Lau- 
ruM campftora, which is grown in .Tapun on a large scale and 
which Is also being planted in Sumatra, Java, and Bome<». 
Other plants contain this compound, which Is often found mixed 
with hormnd Among such plants are the rosemary, the fever- 
few, and the sweet marjoram, but it is from the laurel cam- 
phor that practically all of the drug used throughout the world 
is derived, thus giving .Tupan a virtual monopoly of It 

In recent years the consumption of camphor has consider- 
ably increased, while the production has diminished, the re- 
sult being a rise in the price of the drug and a more intensive 
cultivation of the tree. But in spite of the new plantations 
the situation has grown steadily worse. This la, of course, 
largely due to the fact that the extraction of the camphor 
entails the total destruction of the tree, since not only the 
branches but likewise the trunk and the roots are subjected to 
the action of steam Unfortunately the trees cannot be util- 
ized until they are from 100 to 160 years old, so that the young 
plantations set out within the last few years furnish no Im- 
mediate source of supply. An attempt has been made, but 
without much success to avoid the destruction of the tree by 
distilling the camphor from the leaves. 

These circumstances have naturally given an impetus to 
the manufacture of synthetic camphor, which made but little 
headway so long as the price of natural camphor was low. A 
study of this subject by a Professor Mallhe appeared in the 
Journal dea Uainea d Gaz (Paris) of January 26th, 1920. We 
are indebted to Le Oeme Civil (Paris) of February 2l8t, 1920, 
for the following resumd ; 


■Ark.*Agr Bxpt Sts. BvR. 42, 70. 

4Mattbew« **Manual of Alcoholic Fomieiitatlon/' pp. 104 and 106. 
^Bioohem Z 0. 186-207. 

•Wien med. Wlocb. 62. 177. 

TAjrk Agr. Bxpt 8ta. BuU. 42. 
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Perhaps no substance In the entire range of organic chem- 
istry has been the subject of such extensive research as cam- 
phor. Partial syntheses of camji^or starting with camphoric 
add are not difficult to make but ipiey bear no relation to the 
daduBtrial manufacture of artifid^ camphor. 

Camphor, deposited from the oil of camphor obtain by dis- 
tilling the wood with steam, is a solid substance which melts 
at 177”0. and boils at 207*C. It polarizes light to the right. 
Its formula is OxoHmO. Being of cetonlc function Its hydro- 
genation leads to a secondary alcohol, namely, bomeoL As 
usual with secondary alcohol the latter undergoes dehydra- 
tation, yielding a terpenlc carbide, camphene. These reactions 
indicate that there Is a very dose relation between camphor 
and camphene, and that this relation is of cnpltal importance 
In the obtaining of artificial camphor. 

Redprocally, when camphene is subjected to a hydratating 
action, by means of sulphuric acid, it yields either borneol or 
the isomer of the latter, iso-borneol, and this, when oxidized, 
produces camphor. 

Evidently then camphene constitutes the primary raw ma- 
terial required in making artificial camphor. However, this 
terpene exists only In small quantities in certain natural es- 
sences, from which It would be difficult to extract it in the 
pure form. It Is now prepared, therefore, by starting with the 
esence of turpentine which contains “plnene” or turpentene 
a carbide, which is an isomer of camphene 

The preparation of artificial camphor comprises three steps : 

1. the production of the camphene, 2. its transformation into 
borneol; 3. the passage of the latter into camphor 

1. When gaseous hydrochloric acid reacts upon the pinene 
contained in the esence of turi>entine, it forms a solid h^dro- 
chlorate with the liberation of heat. In order to transform 
this hydrochlorate of pinene into camphene a great many 
methods have been devised : thus soda and potash in alcoholic 
solutions produce this reaction , it can also be effected by 
acetate of lead dissolved in crystalltzalile acetic acid, b.\ am- 
monia, by pyridine, and by piperidine. 

2. The transformation of camphene Into bornecd consists 
In a simple hydratatlon. The metliod which appears to be 
best from the industrial point of view consists in heating in 
a water bath the camphene together with glacial acetic acid 
in the presence of a small quantity (aimut 2 p(‘r cent) of sul- 
phuric acid. 

3. The transformation of borneol or of iso-l)orneol into 
camphor consists In the well known problem of the oxidation 
or of the deh> drogenatlon of the secondary alcohol 

The oxidation can be exacted by the various agents in ordi- 
nary use, such as air or oxygen, in the presence of a catalyzer, 
ozone, or a solution of permanganate of potash in a<*etic acid 
or in acetone. 

The catalytic method of the dehydrogenation can likewise 
be employed with success. In this the vapors of the borm»ol 
or iso-borneol are made to pass over finely divided C4>pper, 
heated to a temperature of from 300 to 830® C. ^^hlcl^ causes 
them to split up Into hydrogen and camphor If the operation 
is properly conducted it Is possible to obtain practically pure 
camphor at once. This method might be employed with ad- 
vantage in tbe transformation of certain natural camphors 
which contain rather large amounts of borneol ; and which are 
upon this account difficult to use and are, therefore, sold at a 
very low price. By passing the vapor of these mixtures of 
camphor and borneol over copper heated to the aforesaid 
temperature, pure camphor would be obtained. 

It would seem that this catalytic process, which Is much 
less expensive than the oxidation process as well as easier to 
handle, must eventually receive the application it merits in 
the synetbesis of camphor. 

In brief the manufacture of artificial camphor comprises 
three series of well known reactions all of which are com- 
paratively easy of application. 

Since the raw material consists of turpentine the price of 
the artificial camphor would be goverfied by the price of the 


former. Before the war it was sold in Franfc for 05 francs 
per 100 kg. ; today the price is 600 francs and la steadily going 
up. The price of hydrochloric acid has likewise gone up. 
Nevertheless, it seems certain that the manufacture of syn- 
thetic camphor can be revived with an expectation of success. 

The process of manufacture as described above has under- 
gone certain variations. The most important of these }s that 
which passes directly from the hydrochlorate of pinene to the 
acetate of horny le by means of the action of lead aevtate 
In this manner one stage of the manufacture is eliminated, 
since in this reaction, which is made In an acetic medium, the 
isomerization Into camphene and the acetylation of the latter 
take place at the same time. 

Other synthesis also lune b<*en efftM ted, and like tiie fort*- 
gidng they alwaj*^ lead to a camphor which Is inacti\e with 
resjiect to polarized light, to a racemic camphor 

The ort(tinal artirU from whirh This abstract is vuttfe < on- 
tains a number of chetivu^al fomwlae whtch we hare not 
deemed it mccssar^f to quote Uctc — Editor 


WHEN TO HEAT WOOD BEFORE GLUINO 

Wh*thwi a hide glue Joint will lie strengthened or weak- 
ened by luxating the wood before gluing depends on the size 
ot tlie joint It is assumed, of course, that the work is being 
<lone In a glue loom that is warm and not draughty, and that 
the wood Itself is at room temperature. Under these cundi- 
ilons, if the Joint to be made is of small area, heating the 
wooil i-s unneef*ssary In fact It may bo detrimental, for the 
warmth of the wood will keep the glue thin; and, when pres- 
sure 18 applied, too mut^h glue may squei^ze out, leaving a 
starved joint It Is vit.\ <»a8y to appl> too rauoh pressure to 
a small area 

In making glue joints of large size (several Inches each 
way), heating the wood before gluing is of disttnet advantage. 
Many experiment*! at the Forest Products Laboratory, Madi- 
son, Wis, have proved tiliat when the wood in large Joint 
work is not heaU'd, the iolnts develop full strength only in 
si)ot& Weak spots and evon oirmi joints arc too frequently 
dlscNivered. 

Uniform high strength in loint^i of largo size may be secured 
by beating tlie w'ood in a hot Ih>x for 10 or 15 minutes at 120 
to 130 degrees Fahrenheit Ju^t before gluing. The heat from 
the wwcl prevents the glue* from i hilling and keeps It liquid 
until pressure Is applied 

It should be remembensi that h<*ating the wood retimls the 
M-ttIng of the glue to some extent. In heavy woods, from 
wdilch the heal escapes »lowl>, this retarding effect is more 
marked than in lighier wo^xls In all species glued cold at 
the laboratory tlie time under preeeure required to develop 
full lolnt strtMigth w'as less than 8 hours. When heated wood 
was uswl at least 10 hours were required to develop full 
lolnt strength in mahogany, and more than 12 hours In red 
oak and maple 


PULP OUTPUT REDUCED BY LONG STORAGE. 

How large a loss may be caused by decay in pulp wood 
thrmigh storage was learned in recent observations conducted 
bj the Forest Products Laboratory at a smlphate pulp mill. 

l*ulp woo<l which yielded over 3% tons per digester when 
uMcd green, after a year’s storage yielded only 3 tons Some 
which had been stored from 2 to 3 years jlelded only 2% tons 
jH^r digester. These losses in production, amounting In the 
latter case to over 25 per cent, occurred without any compen- 
sating reduction in operating expenses Hence the monetary 
loss was fully equal to what the lost product would have 
sold for f. 0 . b. mill. 

Such losses can be largely reduced by so operating the 
wood yard that the wood is used as nearly in rotation as 
]K>sslble, without allowing any to remain in storage as long 
as one yeay. 



By-Products Coke 

Recovering Valuable Products from the Gases Distilled from Coal 

By J. F. Springer 


ALIliOUOH one (»f the most abundant elements on earth. 
carlH>n is nor always eafcj to obtain. est)eclally If It is 
^ ^tloMlred to have It puio. 

Wotxl ohureoal inn> l)e taken to represent an effort to pro- 
duce pure carbon atnl wood i-lmrcoal cun doubtless be used 
as a means of rtMlndn;; iron ore to pig iron, but It Is quite 
expensive Bituminous coal contains carbon In two forms. 
Onllnunly, it also contains a substantial percentage of sul- 
phur. Quite aside from the nori-coiribu&tible content known 
as “ash,” the carbon is tlius associatiKi with other substances. 
rsuall>, <Ik‘ iiiipoitunt associates are sulphur and hydrogen, 
the h^drogiai occiunng In chemical combinations with carbon. 
Altogether, raw coal Is unsiutcd to the manufacture of pig 
iioii Tlie blast furnaces require carlmn, but sulphur and 
hydroi'arbons are not wanted Accordingly, It has become 
<'Ustoinary to separate, as fur us Is commercially possible, these 
undesirable sutbstanicos from the main boily of the coal, for 
the purpose of obtaining u fairly pure carbon The procc^ 
employed is coking By raising the temperature of the mU 
aiul at tlie same time preventing oxygen from reaching it, the 
lo di ocariioris will be driven off in a gaseous form and the 
sulphur content will be reiluced 

There are two piiucipul systems of coking In the one, no 
effort is made to save anything but the coke Valuable hydro- 
<arboiiH ate biiint as they leave the body of coal under treat- 
ment, or slmpl> escapi* Into th<* general aluuKsphero In the 
other Si stem, more or less of the associated material is saved; 
so that the pUM^ess yields <'oke and coal tar and other suh- 
slances The simpler system has Ix^en developed greatly in 
the United States and has in fact been In the ascendancy until 
ipiite reieriUy The ev^ke produced Is of excellent quality 
rrobubl> no otlier method excidls the best American practice 
In the iHunt of the quality of the coke The quality relates, In 
part, to the structural strength of the pieces of coke It Is 
ImjHirtunf in blast furnace practice that the layers or strata 
of coke In the stuck be firm aiul strong so as not to yield 
unduly to the superincumbent musses Tlie typo of furnace 
developed In the United States for the production of coke by 
the simple method describeil Is known as the boc-hlve oven 
A typical bee-hive oven consists of a domed structure of brick 
with two openings, oiio at the lughest iKuiit of the dome and 
the otlier on one sidt^ at the level of the lloor. This side 
opening is for the removal of the coke after it has been made 
In the Interior of the oven, and Is temporarily bricked up 
iluring actual operation The top opening provides for charg- 
ing tlie oven with a fresh supply of coal and for the exit of 
gases and tiames The (barging la u simple affair, consisting 
of simply filling the Interior up to a specitied level. As the 
lloor tills towards the side opening, the removal of the finlahed 
product Is not i^ilUcult A few days suffice for a complete 
cycle of all o|K‘ralIons I'he simplicity and ease of manage- 
ment and the liigli quality of wke have togenier conspired to 
nduin the bee-hive oven ui Amenenn favor long after Euro- 
ptnins had developed the by-product oven to a high state of 
efllcieticy The by^-product oven wms not seriously considered 
In the United States, despite its suceess abroad, until about 
1893 But since that time, it has steadily grown in favor, 
until In November, 1918, the by-product oven produced 2,600,- 
000 tons of t»oke. T?hls piuTorniunce gave It the supremacy 
for tlie first time over Ihe lK*t*-hlve oven This crossing of 
Uie curves of output may be taken as indicative of a perma- 
nent change of relative positions. At the same time, It may 
turn out that the bee-hive oven will never beco'mo obsolete. 
It satisfies too many requireanents of a practical nature. 

The l)y-i>roduct oven Is. necessoiily, a complicated affair. 


more or less difficult and expensive to build and maintain. 
Moreover, Its operation requires skilled attention. There are 
various varieties of this typo of oven. Some perform one funcs 
tion : some, another, dependent partly on the content of the 
particular coal coked and partly on the available market. 
Coke ovens in the Pittsburgh district would perhaps find the 
by-products of very set*ondar.v importance^ because of the 
market for high grade blast furnace coke. A by-product oven 
plant In the vicinity of New York City would be very differ- 
ently situated. It would have some choice of the raw ma- 
terial. as the coal In any case would have to be shipped to 
It There w^ould be no blast furnace market of any slKe. This 
latter case may be illustrated by an actual example. 

A large plant has lately bcnni built and equipped on the 
meadows near Jersey City. The plant produces: (1) coke for 
foundries, blast furnaces, (mimlas, steam plants, domestic 



SmUNO THE DOORS OK A BY-PRODlirT COKE OVEX 
HWKORK TURNING ON THE HEAT 


stoves, (“) gas for consumption in homes and liuslueas of- 
fices, (3) tar, from which such products as cnnisote oil, vari- 
ous other oils, pilch, lampblack and dyestuff raw materials 
may be obtained, (4) ammonium sulphate, which finds service 
as a fertilizer material, us a refrigerating agent, etc ; (5) 
tienzol, which may be used ns a dllutent of gasoline for motor 
use, etc , naphthalene, useful in the manufacture of dyes and 
moth balls. Here we have quite an array of by-products, some 
of them quite valuable. Coal containing high relative amounts 
of hydrocarlmns is employed as the raw material It comes 
from the Pittsburgh and Clearfield districts The plant is on 
the Hackensack River, one mile from Newark Bay. The Erie, 
the Lackawanna and the Pennsylvania railroads are all within 
easy reach. Coal may be shipped to the plant by all-rail 
routes or by a route carrying it first to a tidewater terminal 
port In New York harbor by rail and thence by boat or barge 
to the water-front of the plant. A certain amount of economy 
Is possible by utilizing Incoming coal cars and barges as out- 
going coke carriers. 


422 



U AT, X820 


SCIENTIFIC AMERICAN MONTHLY 


423 


Thla plant la a very considerable one, consisting o£ 165 
arranged In a single row, divided Into three Bectlons 
of 65 ovens each. Each section is termed a battery and la 
operated as a unit. The length of time required for coking la 
ai^bund 16 hours, which is in marked contrast to the time 
required by the bee^ilvc oven. It has been estimated that, 
with 166 ovens operating on a 16%-hour cycle, the dally output 
Is 2,200 tons of coke, 16,600,000 cubic feet of surplus gas having 
a thermal \alue of 610 b.tu. per cubic foot, 75,000 pounds of 



DUMPING THE QUENCHED COKE 


amnion luin Milphute, 24,000 galloiih of tar and 30,000 gal- 
lons of light oil All this comes from a daily Input of 3,000 
tons of coal. As to economy, It is <*lalnuMl that the tar and 
ammonia pay for the operation and maintenance 

Just across the river from the plant are located plants 
of the Public Service (jas Company and of the Public Service 
KUK?tnc Company. The big coking plant reetdvea operating 
current from the one (submarine cables being used for trans- 
mission). and supplies gas holders of the other with Illuminat- 
ing gas A tunnel beneath the river provides a crossing for 
the pipe lines carrying gas 

It mH> readily be Imagined that It umoiinls to a real prob- 
lem to kt*ep this great plant supplied wllli its dally quota of 
(HDal While coal comes in by water and rail, as already In- 
timated, it is necessary neverUieless to have a stock on hand 
to tide the* plant over inequalities and actual stoppages of 
delivery There is, consequently, a stock yard of 360, (X)0 tons 
capaeil> Ordinarily, the barges coming In with coal are 
able to continue service all through the winter; but. in 3917- 
1918, the weather l)ecaine so severe that no barge was able 
to bring in coni for a period of seven weeks, although there 
were 7-foot tides at Intervals It is well, then, that entire de- 
pendence Is not put upon the supply by barge, and that the 
railroad and the storage >ard are also available. 

Coal In tiie storage yard is piled normally to a height »of 
30 feet. But 40 feet is permissible without serious Interfer- 
ence with the mechanical arrangements for reclaiming the 
coal The wharf at which the coal barges discharge Is 800 
foot long. Here, as many as 24 barges may be docked at a 
time. But, this Is not to be understood as 24 1,500-ton barges. 
The unloading tower which deals with the Incoming coal 
barges Is equipped with a big clam shell bucket competent 
to grab 5 tons of coal at a time. This bucket is electrically 
operated and is able to unload 600 tons of coal per hour. 
The bucket Itself weighs 7 tons, is 14 feet high and is when 
open 16 feet wide. This monster bucket delivers to a big hop- 
per and the hopper in turn delivers, through a suitable regu- 
lating gate, to a system of pan conveyors. The conveyor pans 
are 36 inches wide, as are also the belts to which they deliver 


and which traverse a big system of Interlocking conveyors, 
located between the tower and the mixer building. At a suit- 
able point In the conveyor urrangemeuts the coke Is weighed 
and the weight recorded by a belt scale. From data obtaIne<l 
from such records, the rate of stocking has been ascertained 
to be some 450 tons per hour. 

The stock >ard is 3,200 feet long and ift filled by means of 
two horizontal cH>nveyor belts. The one belt carries coal 450 
feet, when it trips to the stocking and reclaiming bridge or 
to the second stock conveyor or else by-passes coal to two in- 
cline belts which supply a breaker. The second conveyor 
covers the reinnlulng 750 feet. Is reversible and handles coal 
and coke. 

The bridge is a big affair which extends across the shorter 
dimensions of the yard and which may be shifted along the 
3,200-foot length In fact, this bridge may be skewed 20 feet 
either way, but is automatically prevented from being thrown 
further out of normal i)osiUon The bridge is, at one end, 
equlpp<*d with a stocking boom which extends over one side of 
the storage space towards the center A grab bucket la op- 
erated to transfer coal along the 215 feet of bridge not covered 
by the stocking boom and may be used to reclaim to the 
stocking lielts. The unloading of railroad cars Is provided 
for by moans of two hoppers which receive from the cars 
and dellxer to a pan conveyor and inclined belt 

The coal as it comes frf)m the mines Is, not all of It, quite 
ready for the' ovens. Coal delive^red at tlie top of the crusher 
and inixei house passes o\er a scnsMi which separates the 
line fioin the lump The lump coal is dellNered to a breaker 
This Is an interesting device which tonslsts In part of a re- 
volvalde Iiiclliusl cylindrical screen This is 32 feet in di- 
ameter and 17 feet long and Is pro\tded Interiorally with 
shelves which serve to carry the coal up the Incline From 
the screen the eoal drops 10 feel upon steel plow i)olnts Coni 
that is nau’e or b‘ss broken up bus, as it nu)\os along Inside 
the screen, oppoituiutv to diop through 3 */j-inch perforations 
Theie are two short belts which cairy lines from the breaker 
to any one of tbiee mixer storage bins 



JjOAjnyO THE ODKB INTO THE CARS 


The coal Is mixed and then beaten to very small sizes In tW’O 
hammer mills. The first consideration in a plant like this 
concerns the chemical composition and coking quality of the 
coals ; but the semnd has to do with the mixing and the degree 
or degrees of fineness. The hammers are of high carbon steel 
and at their tips have a linear sxieed of 2% miles per minute. 
There is a screen arc plate whose raising and loviferlng affects 
the size of the crushed coal. So much for the mechanical 
equipment employed in getting the coal from storage, barge 
or cars to the ovens. ' 
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THB “PlISHBRS** WmCH THAVKL ACBOS8 'PUB FACE OF A BATTERY OF 
OVEN'S ANI> rUSlH THE COKE OUT OF THE INDIVIIMTAL OVENS 


PU«HINO THE COKB INTO A QUBNCHEB 
(’AR ON THE OPPOSITE SIDE OF OVEN 


Len\1ng the ovens, the coke passes over 13 coke conveyors 
which make use of a total of 4,250 feet of belting. These 
conveyors, If run at capacity, demand 27,600 kw.-hrs. of cur- 
rent per month. 

The coal, mixed and crushed, is delivered In weighed quan- 
tities to the ovens That Is, a big 15-ton specially designed 
larry cur conveys the coal in its four conical hoppers to four 
charging holes In the tops of the ovens and there discharges 
through Us quick-dumping gates. The lids belonging to the 
holes are removed prior to the arrival of the car The coal 
runs down Into the oven, whereupon a long steel bar is op- 
erated to level off the plies. After the leveling bar has done 
Its work, the small door through which it was operated Is 
closed, as are also the four lids of the charging holes. Just 
as soon as the fourth lid goes Into place, a certain valve Is 
opened and the way Is left clear for the outward passage of 
gas, via a 18-lnch pipe, to a big steel collecting main. There 
are two types of colectlng main — the lean and the rich mains 
During the earlier half of the coking period, the gas made has 
a high calorific average, the thermal content being put at 610 
B.t.a. per cubic foot at standard atmospheric pressure. This 
Is the rich gas and Is collected by the rich main. During 
the latter half of the operating period, the average thermal 
content drops to, say, 525 B.tu. This gas Is passed into the 
lean main. A certain amount of this gas Is required to pro- 
vide for the heating of the ovens themselves. 

Control of the temperatures of the ovens permits a schedule 
to be made of the cycle of operations. Thus, the whole period 
may be set to occupy a time which may be varied within not 
very wide limits around 16 hours. At the termination of the 
pre-dctermlned operating period, the valve admitting to the 
lean main is closed, and the four charging lids are pushed to 
one side Also, the big brick-llned doors at the two ends of 
the oven are taken off. One side of the oven is the “coke side.” 
There is, on the coke side, a steel guide or rack, through 
which the new coke Is shoved by a heavy ram operated by 
pouror. The ram pushes the hot coke into a steel quencher 
car. The mechanical device which pushes out the new coke 
Includes othir functions in its duties. It operates on tracks 
which parallel the batteries of ovens and In addition to push- 
ing, levels the coal and takes off the doors. The car which 
receives the coke is of steel, has a sloping bottom and is 
equipped with side dumping doors. The dumping is accom- 
plished by a compressed-air device, supplied with air from 
a compressor located on the electric locomotive whose busi- 
ness It Is to haul the quencher car. When the car load of 
fresh coke Is hauled over to the quenching station, a big 


shower-device is operated and the nine tons of red hot coke 
Is in one-half minute cooled to a point where the remaining 
heat is but little more than enough to drive off the surface 
moisture, the quenched coke retaining about 3 per cent mois- 
ture The ear Is next hauled to a place of discharge, where 
the load Is duniiHHl upon a sloping surface. From this last. 
It may be drawn off as desired and carried conveyor or 
belt to the screens. 

It will be understood that the coke thus produced Is the 
main thing. It is, In fact, the fixed carlmn of the raw coal. 
The remaining carbon content Is all In the by-products, which 
are non-soUds. With the bee-hive oven, the coke Is the whole 
of what remains at the close of operations, except of course 
the ash. In the present type of by-product oven, the gas, 
ammonia and other volatile substances are driven off by the 
heat of the oven They pass through long steel pipes to points 
outside the by-product building where primary <s)olers operate 
to reduce the temperatures. From the coolers, the by-prod- 
ucts pass to the exhausters which are Inside the building. 
From the exhausters, the gas under pressure goes through ex- 
tractors which remove the tar, through reheaters and through 
saturators. All these operations are carried out inside the 
building. The gas Is next sent outside to certain direct cool- 
ers, benzol washers and purifiers. It is now ready for a 
gas-holder, whose capacity Is 30,000 cubic feet The gas has 
now been cleaned and purified and has received a certain 
amount of enrichment. In short, It Is ready for the con- 
sumer, Booster engines drive It through mains laid In the 
sub-sqeous tunnel underneath the river and Into storage 
holders of the Public Service Gas Company. 

The exhausters mentioned above draw the gaseous substances 
from the ovens, causing them to pass through the primary 
coolers which operate by the passage of cold water through 
tubes. The temperature of the gas is thus brought down auto- 
matically to This one cooling operation suffices to 

separate most of the tar, ammumla liquor, moisture and 
naphthalene. As the gas, relieved now of a great part of Its 
load, passes through the exhausters themselves, the tempera- 
ture goes up some 12 or 18 degrees. The special tar extrac- 
tors next operate to separate out the residue of tar. Prepara- 
tory to passage through the saturators, the gas has Its temper- 
ature raised to 140*^. The heating is done by means of steam 
heated tubes. In the lead-lined saturators, the gas Is caused 
to pass through very dilute sulphurtc add. The saturator 
operates, through a chemical reaction between ammonia In 
the gas and the sulphuric add, to extract all but a small 
percentage of the total ammonia. The ammonia as recovered 
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is ammonium sulphate in crystal form. The while crystals 
afe washed in water to remove the free acid, after which op- 
eration they are dried in centrifugal hydro-extractors. Am- 
monium sulphate la an important refrigerating agent used 
in certain ice-making and refrigerating systems. 

The plant includes a special laboratory building devoted to 
experimental Investigation and routine chemical tests. A 
second laboratory Is connected witli the beneol plant and takes 
care of the special testing required in connection with bensol. 
At the benzol plant Is recovered the light oil forming part of 
the by-products. This oil is made up of benzol, toluol, etc. 
Both benzol and toluol may be used as diluents of gasoline 
used for driving motors. Whether It is profitable to use them 
thus, depends naturally on relative prices. Benzol and toluol 
have also importance in dye manufacture. Toluol is the i)asis 
for the manufacture of TNT (trinitrotoluol) the violent ex- 
plosive. The broad method of extracting the complex light 
oil is of Interest. The gas from the saturators is “washed” 
with an oil adapted to absorb the light oil, and the mixture 
is then treated in a suitable still, which operates to drive 
off the light oil. The absorbent employed is a parafl^ne oil 
having a high boiling point. Naturally, the high boiling point 
Is neoessurj, so that the whole of the light oil may pass off as 
vapor without carrying absorbent oil with it. 


BROWNED ALUMINUM. 

To FBOT£( T alutriJnuin and aluminum alloys from corrosion, 
L von Orotthuss has trlts] the experiment of browning the 
metal eleetrolyth^Uy. The aluminum Is suspended In an elec- 
trolyte eiaisistlng of a sulfur compound of molybdenum and 
zl-nc Ih used for the anode. The cell is maintained at a tem- 
perature of 00" to 06"C The aluminum Is soon covered with 
a dark brown coating. The metal may be bent or rolled with- 
out cracking the coating. A piece of aluminum thus coated 
was immersed in a salt solution for two months without show- 
ing the slightest truce of corrosion. — ^Abstracted from Metall 
und LV:. .fan 22, 1020 


fuel ' VALUE OF WOOD. 


Two pounds of dry wood of any non-resinous species have 
about as much heating value as a pound of good coal. Speak- 
ing in tons and cords, a ton of coal may be taken as the 
equivalent in heaiilng value of 1 cord of heavy wood, cords 
of medium weight w^kmI, or 2 cords of light wood. 

The following table is an approxunation of the number of 
cords of seasoned wood of various kinds needed to give the 
same amount of heat as a ton of coal, on the basis of 80 cubic 
feet of wood, with a moisture content of 10-20 per cent to the 
cord* 


1 cord 


1% cords 


2 cords 


hickory ash 

oak elm 

beech locust 


bln*h longleaf pine 

hard maple cherry 
short leaf pine Douglas fir 
western hemlock sycamore 


red gum 

cedar 

redwood 

poplar 

catalpa 


soft maple 
cyprees 
basswood 
spruce 
white pine 


= 1 ton coal 


= 1 ton coal 


= 1 ton coal 


Resin gives twice as much heat as wood, weight for weight. 
Hence such woods as the pines and firs have more heating 
ix>wer per ton than non-reslnous woods. The resinous woods 
in the table are considered as having an average amount of 
resin (15 per cent). 

The fuel value of wood depends in many cases not alone 
upon its heating power, but also upon such qualities as eaey 
Ignition, rapid buming, freedom from smoke, and uniform 
heat. As a rule soft woods bum more readily than bard 
woods, and light woods more readily than heavy woods. The 
pines give a quicker, hotter fire and are conoumed in a 
shorter time than birch ; whereas birch gives a more intense 
llame than oak. On the other hand, oak gives a very steady 
heat and Is one of the moat satisfactory fuels 



THE BY-PRODUCT PLANT INTO WHICH THE OASES FROM THE OVENS ABB CONDUCTED AND THERE DISTILLED TO 

' RECOVER THE VARIOUS BY-PRODUCTS 




Some Phases of the Fuel Problem* 

Relative Advantages of Oil and Powdered Coal 
By George A. Orrok 


I X the early days of central-station develoinnent It was 
maintained that the cost of fuel was such a small per- 
centage of the average sales price of electricity to a cus- 
tomer that it hardly paid to go to the expense of condensing 
engines, as the saving Incurred was not warranted by the 
increased charges on the installation In those ancient 

days the fuel, while possibly the largest single item, did not 
exceed 10 per cent of the average sales price to the consumer, 
today our average prices are so low and the progress in eco- 
nomical power generation has been such that the fuel cost, 
still the largest single item, Is 25 per cent of the average 
sales price to the consuinor And Ihe fuel cost is still mount- 
ing. The cost of mining, increasing values of coal lands, re- 
strictions of output. Increases in the freight rates and cost 
of handling have more than trebled the price of coal to the 
Kastern couipunles and these Increases have more than bal- 
anced the economics shown by the labor designs and arrange- 
ments of central-station apparatus 
It had been considered by most engineering authorities that 
the fuel problem for our larger (M)mpanies hud been definitely 
settled and along fundamontnl lines. The steam generator 
may be considered ns iH»rfectcd, especially as efficiencies as 
higli UM 80 per cent to 82 per cent are attainable under test 
with all of the types of boiler at present used lu central- 
station practice. These efficiencies are not likely to be se- 
riously exceeded since the necessary radiation and chimney 
losses are rarely below 12 to 14 per cent, and the problem at 
the present time is how close the average boiler-room effi- 
ciency, over a year, can be brought to the iKisslble test effi- 
ciency 

With well-d<^gned stations and careful operating, good coal 
and n reasonable load factor, the average j early boilor room 
efficiency has bi^% malntnlned from 74 to 76 per cent in 
a number of the better plants For a plant using around 
300,000 tons of coal per year each additional i)er cent of 
efficiency means a saving of about 4,000 tons of fuel per jear, 
or ?20,000 at the present New York price of coal Very few 
plants arc provided with mstruincnts for obtaining these facts 
from day to day, hut the yearly use of ooul is obtainable with 
sufficient accuracy from the coal bills or railroad weights, and 
all r>hints can afford water meters on the fe<‘d-water lines, 
although few have them We may say that the poorer plants 
show a yearly boiler-room efficiency running from 60 to 65 
per cent, and the better plants an efficiency from 65 to 75 per 
cent, beyond which it is extremely difficult to go on Ac«oiint 
of banking losses, combustible in the ash, excess uir and 
cleaning losses 

Poor coal is responsible for large efficiency losses The ac- 
companying table, showing the effect of Increasing percentages 
of ash In the coal on boiler efficiency, has been prepared from 
averages of a large numlier of tests on anthracite, bituminous 
and Western coals These averages vary but show as a 
general rule that 20 per cent of ash content cuts dovsn the 
efficiency 15 to 20 per cent , 40 per cent of ash reduces the 
efficiency by about 70 iM»r cent, and with 50 per cent of ash 
It is practically impossible to miilntaln combustion, to say 
nothing of evaporating water or making steam. Iron oxide, 
with or without sulphur, accentuates this condition by pro- 
ducing a fusible ash which slags the grates and chokes the 
draft The (presence of combined water in most of the West- 
ern coals and lignites reduces the efficiency In a marked 
degr^, but not to such extent as the presence of ash. Ck>m- 

*Abetract by the Xleotrioal World of a paper presented before the 
▲ttodatlon of SMAaon Illointnatlng ComipaniM, New London, Conn.. 
Bept 15 to IS. 


bustlon is possible at a greatly reduced efficiency under ex* 
ceptlonal conditions, even with as high as 60 per cent of 
water. 

ADVANTAOC IN PULVERIZED FUEL. 

Apparently the main advantage In the use of pulverised 
fuel Is the fact that the surface of the solid particles of fuel 
has been augmented more than 200 times, so that Ignition 
and combustion are nearly instantaneous and the mixture of 
air and combustible is much more nearly perfect, very little 
excess air being needed. The chief difficulty is In the feeding 
devices and so proportioning the combustion chamber and air 


VvEUAaE LOSS IN EFFICIENCY DUE TO ASH IN COAL 


Per Can 
of Ash 

Anthracite 

Coal 

— Loss of Efficiency 
Bituminous 
Coal 

Western 

Coal 

10 

12 

10 

5 

20 

23 

20 

18 

30 

45 

40 

82 

40 

70 

75 

98 

50 

100 

100 

•• 

Inlet that 

the mixture Is complete. Sufficient 

heat must 


present at the ignition point to ignite every particle, and this 
temperature vanes from about 600 deg Fahr, with high vola- 
tile coals to 1.000 deg. to 1,200 deg Fahr for anthracite 

When these precautions are taken and the air Is preheated, 
furnace temperatures up to 3,000 deg, Fahr are easy of at 
tainmeut, smokeless combustion is assured, and practically 
all the combustible is consumcHl The combustion chamber 
must be proportioned for the maximum condition, in which 
nise the efficiency will be nearly constant over a wide range 

Most of the ash will bo deposited In the combustion chamber 
as dust with refractory ash or as slag if Its fusing point Is 
low Apparently there Is very little Urns of efficiency with an 
Increase of the ash content, as tests with high-nsh coals show 
the same efficiency as with low-ash content A properly de- 
signed combustion chamber limiting the gas velocities in 
the neighborhood of the firebrick surfaces will, it is claimed, 
o\ercoine the excessive cutting and slagging of the brickwork 
so prevalent in all of the earlier experiments, and this proceed- 
ing will greatly diminish the amount of ash and slag particles 
carried into the lube banks and uptakes 

There remains the fact that the coal must be pulverized 
and therefore must be freed from moisture Combined water 
to the extent of 5 to 7 per cent Is not serious, but free water 
o\er 1 per cent usually makes trouble in the pulverizing and 
handling. Outside of radiation and stock losses and Uie loss 
from excess air, this la the only loss large enough to be trou- 
blesome. 

The advantages Incident to a powdered fuel installation 
may now be summed up: 

L Ability to use all classes of coal with etpial (or nearly 
equal) efficiency. 

2. Reasonably smokeless combustion. 

3 Absence of loss of combustible in the ash. 

Against these may be placed these disadvantages; 

1. The cost of drying and pulverizing the fuel. 

2, Higher and possibly irregular temperaturesi with at- 
tendant disintegration of the firebrick furnace lining. 

Where good coal is used and yearly station boiler efflclendes 
of from 74 to 76 per cent are obtainable, it may be possible 
to increase the yearly efficiency by 3 per cent With a 66 
per cent yearly efficiency at least 10 per cent better results 
should be obtained. Where cheaper grades of coal are avail- 
able even more considerable savings are possible* 
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FIGS. 1 AND 2— COMPARATIVE COfiTS OP COAL AND OIL IN HEAT EQUIVALENTS 
t'ig 1 roal burned at 70 ppr Pont effl< ii«nr\ iird oil at 74 p«"r ooiil ofllc I<mih \ ls“i>o II t n per poiiiul in ml and that oil of 18 

Raiimf* 7 877 lb por gallon Pig 2 assumes ooal burned at 70 per rent efflrlency and oil at 77 per cent efficiency , other assumptions the 

same Saving of labor and In banking flres is not included 


This 3 per cent, or 00,000 a year, under our former sup- 
position, will be offset b> the cost of drying and pulverizing 
288,000 tons of coal per year, which for no saving would mean 
21 cents per ton as the cost of pulverizing Where the yearly 
efficiency Is 65 per cent and a 10 per cent saMng could be 
made, 75 cents could be paid for pulverizing For a plant 
using 1,000 tons per day the cost of pulverizing could not be 
far from 40 per cent per ton, leaving a net sa\Ing of o\er 
$80,000 per year. In general the pulverizing cost runs from 
40 cents to 50 cents for the largest plants up to $1 50 or higher 
in small installations 

It will be readily seen that the poorer the plant In design 
and operating practice, the larger will be the savings from 
the use of pulverized coal ns fuel, given the same coal 
conditions 

A late paper gives a list of powdered-coal installations for 
the generation of steam — elghtcMMi In all, Installed boiler 
horso-prnvor, 24,000, average size, 1,333 h-p . largest Installa- 
tion, l‘uget Sound Light & Power Company, 10 B & W* boll- 
ers, 4,100 h-p , next largest Milwaukee Electric Railway & 
Light Company, five 468 h-p. Edge Moor boilers, 2,340 h-p 
These are the only central-station Installations listed. Another 
company lists six Installations of which one is under construc- 
tion The total boiler horst*-power in this case Is 22,000 The 
largest plant will be the Rl\er Rouge plant of the Ford Motor 
Company at Detroit, where four 2,645-horse po\ver Ladd boll- 
eis are being Installed Besildes these there are numerous small 
installations not listed 

It was only a ftwv years ago that oil as fuel began to be 
used In a few locations wheie loal freights were high and 
oil freights low The newer developments of the Mexican 
fields and the steadily increasing price of coal now bring 
this subject to our attention 

The coal production In the United States la not far from 

600.000. 000 tons per year, of which about 40,000,000 tons is 
use<i in the making of steam by central stations for the gen- 
eration of electric power. 

The figures for oil production, including Mexico, are about 

400.000. 000 barrels, of which a lltUe less than half may be 
available for power purposes, Including gas-engine fuels Ex- 
cluding the portion use<I for marine purposes, possibly 40,000,- 
000 barrels, mostly topped oil, will bo available for steam pur- 
poses at a reasonable price. This would correspond roughly 
to 10,000,000 tons of coal. About 10,000,000 barrels of fuel oil 
per year are used for central-station purpose today 

Most authorities assume that oil firing will give a boiler 
efficiency 10 per cent belter than coal firing. Indeed, long 
run efficiencies of 80 per cent have been reported and test 
efficiency of over 82 per cent is common, .Taking oil as having 


a hinting value of 18,5(X) B t ii \>vv T»ouml, and a coal a value of 

1.3, .*>00 Bt u IMU poiiml, oil at 3 cents per giillou Is equivalent 
to $5 65 coal If only 4 per cent better cflhdency is maintained, 
then S-cent oil Is equivalent to $5 90 coal I have not con- 
sidered the saving in labor, hanking coal, ash handling, etc 
On this basis 1 have calculated the two charts In Fig. 1 
atul 2, which show the roi responding pine of oil and coal 
No difficulty need he apprehendtsl in the cliang('-ovcr Indeed, 
oil burning Is frequently successful in old-fashioned low set- 
tings; the grates are covered with firebrick and the burner 
inserted in the flredoor. It is generally agreed that steam 
atomizing is more efficient than air atomizing or nus-h.inwal 
atomizing, but mothanlcal atomizing Is largely used in ma- 
rine w^ork and in the smaller land lustalhillous With steani 
atomizing the use of steam may he as large as 15 per cent 
of the boiler evaporation, but the hesl results are obtained 
when careful regulation restrids tlie use of steam to to 
2Vj per cent of the boiler output 
The type of burner, while important, has much less effect 
on tho efficiency of combustion tlmn thi' size and design of the 
combustion space and the arrangements for the Introiluclng 
and regulating of the air necessary for combustion 



KIO 3— RELATION OF PRM'K OF CXIAI. TO PRICE OF OIL IN 
HEAT EQUIVALENTS 

Oil storage and firing devices, while costly in a new installa- 
tion, will cost less than coal bunkers, coal-liandling machinery, 
stokers and forced-draft apparatus The cost of operating 
the oil storage and feeding devices depends In a large 
measure on the mean annual temperature since fuel oU is 
extremely viscous and must be warmed sufficiently to be 
pumped and then preheated to secure good Ignition before 
injection into the furnace. As the flash point of fuel oil is 
always above 150 deg. I'ahr., the item of fire risk is very 
low, all of the so-called “wild hydrocarbons** having been 
removed in the topping process 
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We may now state the advantages of oil firing; 

1. An almost perfect control of firing and combustion con 
dlUcms, insuring high and uuilntuLned boiler efflcleuey over a 
wide range. 

2. Extreme flexibility 

3 Low labor cost both in the boiler room and bunkers 

4 Stability of co«»ls <lue to the ('ouditloiis of production 
and the Increasing demand for the produc*ts of the topping 
process 

The disadvantages are 

1. Limited appllcabflio to favorable localities. 

2. The relatively high cost of installation, which does not 
decrease with size of plant 


LIQUID OXYGEN AS AN EXPLOSIVE • 

By Albert G. Wolf 

Fob many years it has been known that liquid air or liquid 
oxygen mixed with some highly carbonaeeous substance makes 
a powerful explosive when detonated. During the war some 
exi>erimental work was done In America along this line. but. 
owing to the difliculty In handling, In part, and largely to In- 
st iffielent pressure by "Mother Necessity," no great measure of 
success was attained, and the method was dropped as being 
of no commerclul or practical value. In Germany, however, 
conditions were entirely different There, according to the 
publications of the German Oxhydrlc Joint Stock Co, the 
luetliod was brought to a fairly high degree of perfection 

The liquid oxygen, or, as used, a liquid consisUng of 98 per 
i-ent oxygen, Is made from air. The air Is first washed free 
from carbon dioxide Then It Is liquefied by the expansion 
process, multi-sfage compressors and ammonia refrigerating 
machines being used. After making the liquid air, the oxygen 
wntent Is raised by taking advantage of the lower boiling point 
of liquid nitrogen. The liquid nitrogen, evaporating first, 
leaves a higher percentage of oxygen in the liquid residue, and 
by carrying out this step in n specially designed apparatus in 
which advantage can be taken of the extremely low tempera- 
ture created by the evai>oration of the liquid nitrogen, a fairly 
high degree of efticiency Is obtained. 

Xn order to form an explosive mixture, a highly carlmna- 
ceous niaterlul with the power of absorbing liquid is necessary 
In uddition to the liquid ox^geu. This material should prefer- 
ably be Bhax>ed In the form of dynamite sticks for convenience 
111 handling and loading It is claimed that best results are 
obtained from cartridges niade of cork charcoal and a binder 
of parufiin The binder may also be any one of the lighter 
petroleum products. Kleselguhr (diatomaceous earth) with 
a binder of paraffin may also be used. In that t-aso the paraffin 
alone furnishes the carbon, and the explosive Is not as power- 
ful as when the charcoal cartridge Is used. A good ratio is 
said to \te 90 parts of kleselguhr to 40 parts of binder. 

In using this explosive, the liquid oxygen must be carried to 
the working place In tightly closed thermos bottles, in order 
to avoid loss by evai>oratlon The liquid oxygen Is then 
poured out into double-walled vessels, and the cartridges are 
placxHl In the liquid to soak The cartridges must be capable 
of absorbing sufficient excess of oxygen to Insure the presence 
at fhe time of detonating of enough to burn all the carbon 
to (tirbon dioxide and all the hydrogen to water. Otherwise 
tlie deadly «irlK)n monoxide gas will be formed on exploding 
the charge 

The cartridges are siiturutod when they sink They are 
then hastily removed from the bath, placed In the drill holes, 
lilted with electric blasting cups, tamping placed before them, 
and exploded Not much time must elapse between the re- 
moval of the cartridges from the bath and the detonation, 
the perinlBsible time varying from three to fifteen minutes, 
dei^iendlng on ilie nature and size of the cartridge, because of 
the rapid evaporation of the liquid oxygen. For this same 
reastm the diameter of the cartridge should not be less than 

•Keprlnted from the qbJ Mining Journal ^ Feh. 4, 1920. 


30 mm. The drill boles should be slightly larger to allow the 
oxygen vapor to escape while loading, otherwise the cart- 
ridges might be prematurely pushed out of the hole. 

Though electric firing gives the best results, It Is possible 
to use fuse and cap, or fuse alone. With the fuse, however, 
there is the danger of prematurely igniting the oxygen vapor 
and of getting an incomplete combustion. Fuse, of course, 
should not be used where there is the possibility of fire damp 
being present. 

Experiments have shown, according to the claims of Ger- 
man manufacturers, that to get the same force of explosion, 
the relative weights of various explosives must be used : 


Cork charcoal, paraffin and liqtild oxygen 58 

Kleselguhr, paraffin and liquid oxygen 115 

Blasting gelatin S6.2 


The advantages claimed for this method of blasting are 
primarily economy, safety, and greater strength of explosion. 
Economy Is claimed because each mine can operate its own 
little liquid oxygen plant for not much more than the cost of 
operating a compressor plant, making it necessary to buy 
only the cartridges of carbon There Is safety In handling 
and storage because the separate Ingredients are not ex- 
plosive. There Is absolutely no danger from misfires, because 
In fifteen to thirty minutes all the liquid oxygen In a drill 
hole evaporates; and, It Is claimed, with the lower-strength 
cartridges, there Is no danger of igniting fire damp. There are 
also the advantages that low temperature has no effect on 
the explosive, and, where proper precautions are observed, 
no poisonous gases are formed. 

To the average mine operator or miner, the disadvantages 
of this method far outweigh the advantages. There is the 
trouble of carrying the liquid oxygen containers and immer- 
sion vessels, in addition to the cartridges, to and from the 
working faces, the loss of a good percentage of these vessels 
and the resulting cost, the loss of a large percentage of the 
liquid oxygen, and the operation of the liquid-oxygen plant. 
Then there Is the danger from hasty and Improper immersion, 
with its resulting loss in efficiency of the explosive and the 
formation of poisonous gas in the mine. In large stopes, the 
complU*utloii that wf>uld arise from the use of liquid oxygen 
would he almost insurmountable 


MAKING THE ROOF SAVE HEAT. 

Two of the main functions of a good roof are the keep- 
ing lu of heat In the winter and the keeping out of heat 
in the summer, the former being by far the most im- 
portant, in this climate, at any rate. It is usually supposed 
that this power of keeping heat in or out as the case may be Is 
dependent upon the quality of the roofing, as a good conductor 
or a bad conductor of heat. Some highly Interesting studies 
made by Mr. W. M. Thornton of the National Physl<'al Labo- 
ratory in England, with regard to roof materials, prove, how- 
ever, that the brightness or dullness of the roof Is also an 
Important factor Mr Thornton found, in fact, that loss of 
heat through the roof depended more upon the nature of the 
surface and the degree in which it radiates heat than on 
the conductiblllty of the materials. The same grade of gal- 
vanized iron roofing which is an excellent heat Insulator when 
polished loses 50 iier cent more heat when it Is blackened 
Inside and more than five times us much when It Is blackened 
on both surfajces. 

One of the best of roofing materials proved to be pine 
covered with tar paper; tiles are also excellent, but are, of 
course, much heavier, as well as more expensive. Flhro- 
cement was likewise found to be \ery good, and is improved 
by painting with aluminum. A specially admirable roof when 
one wishes to have a house covering which is both light and 
warm Is one made of corrugated flbro-cement covered on the 
underside with a continuous layer of tar paper, the cushion 
of air enclosed between the two layers adding materially to 
the warmth of the root 
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CAIiCIUM: MOLTBIXATE) tTDRBQ-MObY BDCN m 


Qualities of the Molybdenum Steels* 

New Alloy That Came Into Use, During the War, for Aircraft Crankshafts, 

Gun Shields, and Similar Purposes 


I N the pourse of the war there were Introduced Into praetlcul 
use a series of new alloy steels which bid fair to be(N>me 
of ^(reat valut* to tlio automotive Industry Reference Is 
to molybdenum steels, which are generally of the nature of 
terriarj' or quarternary alloys. During the war molybdenum 
steid was used for the hghUng turrets of tanks, for gun shields, 
helmets, aircraft engine crankshafts and connecting rods, and 
for other parts requiring great strength combined wdth low 
weight. 

Among the chief advantages claline<l for alloy steels contain^ 
Ing molybdenum are that It does not require the same care In 
heat treatment as other steels, as practically the same phys- 
ical properties are obtained for a range of more than 200 
degrees Fahrenheit in the 
quenching temiierature 


sistance to the oorroslxc action of most adds and choiidoals. 

OKB DEPOSITS IN < OUOBADO. 

While its ores uie widely distill>uted, up to a few years 
ago iiiol>bdeiunii was con'<ldere<l a seiiii-prechms metal, no 
fle|)osits of nM.\ great magnitude ha\iug been discovered. A 
few sears ago a <*onipany acquired in>sse»slon of a deposit of 
mohhdtauim siilplilde at Climax Col, northeast of Leedvllle, 
At that iKiint an ore reserve has been developed which at 
liresent has a capacity of 1,000 tons a day, and It Ls claimed 
tiiat the ore which has already been <leveloped Insures steady 
t operation of the plant for more than thirty years. The 
entire t re la sly has not yet been developed 

The ore Is broken, deliv- 
ered to the mill by aerial 


Molybdenum Improves the 
static test results of various 
kinds of alloy steel to which 
It is addoil, such as chrome 
steel, chrome vnnndluui steel, 
etc. Moreover, molybdenum 
steel is said to be easier to 
machine than other alloy 
steels and the saving in ma- 
chining cost easily pays for 
the cost of the alloying ele- 
ment, it is claimed. 

THE ELEMENT MOLYBDENUM 

Molybdenum, one of the 
metallic elements, has been 
known for about 150 years. 
It derives its name from the 
word molybdrona, by which 
most minerals resembling lead 



A PILE OF MOLYBDENUM CONCENTRA FKS 


tiaiuwaj, ground and concen- 
trateil by oil flotation to fonii 
00 to 70 per cent molybdenum 
sulphide. The concentrates 
arc then converted Into ferro- 
iuol.\ bdonum or calcium 
niohlHlate, in either of which 
toim<^ the metal can ho Intro- 
diKcd into steel. The ferro- 
mol>hdeniun Js produced In 
tw o grades, lioth containing 
liom 50 to 60 per cent metal- 
1 1 c molyibclemnn The regii- 
lar grade la guaranteed to 
contain a maximum of 2 per 
(vt\t carbon, and the special 
grade, of 0 5 per cent In the 
great malorlty of Instances* 
tlie former 4nn be used. The 
calduni mfdylHlate contains 


In appearance were known In the ISth «entury It Is produced alxmt 42 per «ent metallic molybdenum, the rest being lime. 


chiefly from the sulphite molylslenito (Mo S,) whli-h is a rain- 'riiere Is said to he nr> free carl>on or sulphur in this compound, 
eral very similar In appearance to graphite Molybdenite and 


other molybdenum-bearing ores are widely distributed through- 


IN<ni:\SES TOUGHNESS OF STEELS 


out tlie world. 

• The metal molybdenum resembles platinum In general ap- 
pearance, although it is darker and possinuses a peculiar lustre. 
Its atomic weight is 90, its spedfle gravity is 0; Its specific 
heat 0.07, and It melts at about 4600 deg F Despite Its very 
high melting point. It alloys readily with Iron, the forro- 
motybdeimm having a melting point of approximately 2650 
deg, F. Metallic raolybdeninn exhibits a high degree of re- 

•Reprinted from Automotive Inffuetriet, January 20, 3020 


One of the claims made for molybdenum steel is In regard 
to toughness and this dalin Is based on ‘’reduction of area” 
tigures obtained In physical tests. Mol>bdenum sleds of any 
given elastic limit and elongation are eharacfcwlzed by an ex- 
traordinarily high reduction of area Reduction of area is 
also said to he nn index of nnichineabllily. For machine parts 
refiulring a high elastic limit, the cheapest mettiod of manu- 
facture consists In hnish-machlnlng the parts directly from 
the heat-treated forging. This ellminatt^s warping and sibling 
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of sezui-ftnaeblned parts. Furthermore, material submitted 
to the miuhlne sliop is completed witliout the loss of time 
nnd the confushm resulting from Intermetilate heat treat- 
ments All testing Is tliilshed before machine labor is ex- 
pended upon parts which might have to be rejected later, 
such relectlon involving the loss not only of material but 
also of lalior and ItKils 

inori DRAWING TrMPKRATUKBS 

One iiecullnrlty of molybdenum steel is that It will acquire 
desirable jihyslcal proiierties when drawn at a comparatively 
high lempeiatupe Tlie physical changes accompanying the 
usual heat treatment are well kuotvn When a piece of steel 
is heated beyond a certain crltlcnl temperature it undergoes 
a physical trnnsfoniiathin If It Is allowtxl to cool slowly from 
the hlghes^l lemperatUH‘ reached, the process reverses itself 
and the material n'turns to Its original state On the other 
hand, If the stivl is coedod rapidly, as by quenching, the 
physical changes which took pla<*e on heating, cannot re- 
\ei*se themselves, and the material then remains in a state 
of unstable equilibrium When the quenched steel has been 
reheated or drawn, piDsical reactions, which were retarded 
by quemlilng are alhnved to take place to an extent propor- 
tional lo the reheating temperature, and the molecular In- 
stability Inducixl l)y (lueiichlng Is somewhat modified 

It results Irom the alwve that the higher the drawing tem- 
perature after <juenchliig, the nearer tlie approach to a state 
of inole<*ular equilibrium, and conseiiucntly the greater the 
resistance of the material to any sub.s<»quent molecular change. 
One form of molecular change in stiHil Is that known as fa- 
tigue, whicii Is the result of continued niechanlcnl vibration 
It Is argued tiiut ihe higher the drawing temperature for 
given ph.vsU^l propi^rties, the greater ttie resistance to dy- 
namic stress or to fatigue Higher drawing temperatures 
mean ease In furnace regulation and manipulation, and, fur- 
Iherraort', the nearer the approach to the point of molecular 
4 »qulll‘hrluin, the less sensitive is the steel to temperature varia- 
tions. In otlier words, wider limits may be allowed in com- 
mercial heat treating practice It iicmmI hardly he empha- 
sized that the wider these limits the less chance there Is for 
failure of the treatment and for the necessity of retreatraent. 

KKT.ATED TO CHROMIUM, 

In the periodic system of elements, molybdenum Is classed 
M A member of the chrome family. In soimo respects its effect 
upon steel Is similar to that of chromium. It has^*en 
however, that by combining these two alloying elements, prop- 
erties can be developed in steel which are unobtainable by the 
use of any single element. 

Accompanylug this article are a number of photo micro- 
graphs which bring out the effect of different amounts of 
molybdenum on the structure of quenched and drawn chrome 
molj’bdenura stwd They also Indicate the uniformity of the 


steel when drawn at different temperatures. All of the steels 
of w’-hlc^h photo nvicrograpihs are shown were quenched in oil 
from 1600 deg. F , and drawn ns Indicated. Steels of two 
different specifications were made use of In producing these 
photo micrographs; all those bearing the number I contain 
023 per cent of carbon, 0.48 per cent of manganese, 0.18 ikt 
i*ent of silicon, 095 per cent of chromium and 0 73 per cTnt 
of molybtleniim, w^hllo all those bearing the number II con- 
tain 0 82 per cent of carlK>n, 0 49 piT cent of manganese, 010 
l>er cent of silicon, 090 |K'r <H»nt of chromium and 0.40 per 
cent of niolylMlenuin 

i HUOMK-MOI YHDKNUM SIKBU 

If chromium be addiHl to a (urlsm steel or a nickel stf'el, and 
the steel subsequently be heat-treated, their elastic limit and 
tensile strength are increased (up to a certain point) with 
the quantity of chromium However, It is iTni>o8Sible prac- 
tically to take advantage of the high elastic limits resulting 
from the addition of a cunsidorable amount of chromium, 
because It Is aeooinpanied by brittleness (as measured by 
low elongatloq and reduction of area). For regular commer- 
cial puriMJses the limit of diromlum is In the neighlwrhcxid of 
1 per cent, although for several purposes up to IV 2 Iht cent 
of chromliun is sometimes added. If «tecl with a normal per 
cent of chromium is taken and molybdenum is then added, the 
clastic limit is increased more than it w’ould be by a further 
equal addition of chromium, and — what is of the greatest 
importance — tfie brittleness is decreased at the same time 

T*hus a chrome carbon steel, containing 0 27 per cent carbon, 

0 64 per cent manganrtse and 0 99 iH?r <*ent chromium, when 
properly heat^reattKi, showed the following physical proper- 
tit's* Elastic limit, 130,000 pounds; tensile strength, 139,000 
pounds, elongation, 16 5 per cent; reduction of area (1 in. 
round), 58 per cent. Upon the Introduction of a moderate 
amount of molybdenum, so as to obtain a steel containing 
026 per cent of carbon, 064 per cent of manganese, 0.77 per 
cent of chromium and 081 per cent of molybdenum, the fol- 
btwlng physical properties were obtained: Elastic limit, 
143,000 iR>und 9 ; tensile strength, 151,000 pounds; elongation, 
18 5 per wnt; -reduction of area of 1 in round specimen, 53 
p<*r cent. 

While the results obtained from the chromium steel are of a 
high order, to obtain them In regular commercial practice 
requires very careful supervision of the heat treatment and 
of the chemical composition of the steel. It Is claimed for. 
molybdenum that it not only intensifies the effect of the chro- 
mium itself, hut has an Independent effect on thoset properties 
of the steel which are undesirably affected by the use of 
chromium alone 

CHROME KICKEL MOLYBDENUM SITIBL. 

The effect of adding molybdenum to ebrome nickel steel is 
well brought out by the following analysis of a Liberty motor 
crankshaft The chrome nickel steel originally used for this 




May, 1920 


SCIENTIPIO AMERICAN MONTHLY 


431 



r>RAWN AT 700 DEO F DRAWN AT IlOO DKCi F DRAWN AT i:J00 DKO. F 

TRANSVERSE KIi>mOXS OF TYPE II-A ALrX)Y MAGNIFIED .U)0 DIAMI'/rEKH 


crankshaft contained from 035 to 0 45 per cent of carbon. 
0 50 to 0 80 per cent of manganese, 0 10 to 0 20 per cent of 
silicon, 0.70 to 0.90 per cent of chromium and 1 76 to 2 75 per 
cent of nickel. This material showed an elastic limit of 129,700 
XKiunds, u tensile strength of 144,400 pounds an elongation 
of 17 2 per cent, a reduction of area of 63 7 per cent, an Iscod 
Impact value of 40 ft.-lh,, and a Brlnell hardness of 307. 

Another grade of chrome nickel steel used In connection 
with ninTaft production during the war had the following 
chemical composition 0.28 to 037 per cent of carbon, 0.30 
to 0.70 per cent of manganese, 0.10 to 0 25 per cent of silicon, 
0 05 to 1 36 i>er cent ot chromium and 3 04 to 3 60 per cent of 
nickel. This showed the following physical properties: 
Elastic limit, 107,000 pounds; tensile strength, 135,200 pounds; 
elongation, 19 0 per cent, reduction of area, 517 per ctmt; 
Iz«m 1 Impact value, 01 ft -lb , Brlnell hardness, 370 

Libel ty aircraft engine crankshafts were made from chrome 
nickel raol>bdonuui steel made by the United Alloy Steel 
CoriMirallon of Canton, Ohio This steel contained from 0 236 
to 0 305 per cent of carbon, 0 50 to 0 09 ia*r cent of manganese, 
0 09 to 0 15 per cent of silicon, 0 74 to 0 98 i>er cait of chro- 
mium, 2 85 to 3 05 per cent of nickel and 0 32 to 0.54 per cent 
of molybdenum This steel tested as follows: Elastic limit, 
130,000 pounds; tensile strength, 142,000 i>ounds; elongation, 
20 5 per cent; reduction of area, 05 iier cent; Izod Impact 
value, 67 ft -lb ; Brlnell hardness, 303 

RTKEL SriTKD FOR AlTTOMOBll.K PARTS. 

For siK'h aiiloraobile parts as crankshafts, conmKrtlng rods, 
steering knuckles, steering levers, front axles, etc, grade 
MO-2 steel is frequently used. Tests on Specimens from ap- 
proximately 4,000 finished crankshafts made from this grade, 
at the plant of a large Amerumn automobile Tnanufaoturer. 
showed the following average compositions and physical prop- 
erties: Carbon, 0 25 to 0.33 per cent ; manganese, 0 71 to 0.76 
per cent; chromium, 0.46 to 104 per cent; silicon, 0.11 to 0.22 
per cent; molybdenum, 0.32 to 0 46 per cent The physical 
properties averaged as follows: Elastic limit, 131,700 pounds; 
tensile strength, 149,900 pounds; elongation, 17J per cent; 
reduction of area, 01.8 per cent; Brlnell hardness, 304. 
Chrome vanadium steels used for crankshafts under the same 
operating and test conditions at the same plant showed ap- 
proximately the same elongation, reduction of area and Brlnell 
hardness, but the elastic limit averaged only 113,000 pounds, 
and the tensile strength 127,000 pounds. This same steel is 
used for cold drawn automobile axle shafts, and In this form 
shows an elastic llimlt of 146.000 to 360,000 pounds per square 
inch, and a tensile strength of 164,000 to 171,000 pounds per 
square inch. As an indication of the extraordinary tough- 
ness of molybdenum steel, the following results from a class 
steel containing from 0.76 to 1 per cent of molybdenum are 
Interesting. The test was made on a IH-inch round specimen 
24 Indies long. It showed a fiber strength at the elastic limit 


of 50,100 ix>utids. and a fiber stress at the breaking i>oint of 
107,000 pounds The twist degree per Inch, before failure, 
ivas 258 

These results were obtained from test pieces taken from 
the flnishiHl crankshaft, and they should be read in the light 
of the knowUnlge that It is possible to draw the steel at from 
1160 to 1200 deg F. The high drawing temperature reinovcvj 
quenching and forging strains, thus eliminating the need for 
straightening operations during machining. It Is stated that 
the shafts machined exceptionally well. 

NJ( Khl.-MOLYBDKNTTM STKELS. 

The addiUou of molybdenum to nickel steel containing no 
chromium results in markedly increasing the elastic limit 
and the toughness and ductility for a given elastic limit, as 
measured by a reduction of area and elongation This effect 
is particularly pronounced when the stwl is drawn at higher 
temperature Nickel molybdenum steels can be readily ma- 
chined, and can be heat-treated without detriment to their 
physical properties within a wide temperature range; they are 
exceidlonally homogeneous and free from fiber and flakes. As 
ail Instance of the honn^genelty of the steel and Its freedom 
from defects, it is raentione^l that in the manufacture of the 
Renault hahy tanks, over 99Vj per cent of the nickel molybde- 
num steel iiarts passe<l all stages, including ballistic testa, 
while 70 per cent was the maximum In the case of the straight 
nickel steel 

It is claimed for molybdenum steels tlmt they are less 
liable to warp In the course of manufacture, owing to the 
depth-hardening elTixl: of molybdenum, ivhich, among other 
things, permits the quenching of irregular .motions with a 
minimum of warping Tslils peculiarity of the steel is of con- 
siderable coiTunerclal value in connection with oil-hardened 
parts, as straightening oi>eratlons during manufacture are 
elhniunted. 

The following two tables show tliat molybdenum steel can 
he heat-treated at widely varying tempenitiires without detri- 
ment to Its physical projiertles. 


TENRIUE TEST OF ClIROMK-MOLVBI)E\UM STEEt, MO -3 

Analysis Range 


Gart>on 

MaiiKanesp 

Chromiuro 

silicon 

Molybdenum 

2a to .30 

.50 to 80 

80 to 1.10 

.10 to .20 

.26 to .40 


Fhysicnl Properties 


* 



(1\4 Inch round) 

Water, 

Elastic 

Tensile 

Elongation 

Red of Area 

Quench 

LUnlt 

Strength 

Per Cent 

Per Cent 

1500* F. 

149,600 

162,900 

16.0 

67.2 

1550** F. 

151.000 

163,400 

16 5 

67.3 

1600" F 

148,800 

103,000 

17.0 

57.8 

1050** F 

148,500 

161,400 

10.5 

58.9 

1700** F 

140,600 

102,400 

16.5 

66.8 

All drawn at 1000* F. 
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TKXSIU TKHT 01- t HKOMfc-M( KEL MOLYBDENUM STEEL, LM 
Anal>sl<« Range 


UarlKiii 

Manganese 

Nickel 

Chromium Molybdenum 

2.-i lO 3r. 

..50 t« 80 

2 75 to 3 25 

70 to 1 00 

.30 to .90 


Physical Properties 





(1 

inch round) 

Oil 

Elastic 

Tensile 

Elongation Red. of Area 

Quench 

Limit 

Strength 

Per Cent 

Per Cent 

1400** F 

175.200 

185.000 

16.0 

52.5 

1450" P 

179.300 

187.400 

155 

51.5 

1500" F. 

171,200 

182,700 

10 5 

55.1 

1550" F. 

174,200 

185,100 

16 0 

52,8 

1600" F. 

172,700 

183,500 

150 

51.7 

All drawn at lOOO- F. 





It will be seen from these tables that in spite of the wide 
range in drawing temperatures, tinne was only a slight varia- 
tion in the physical properties. 

What is referred to as the depth-hardening effect of 
molybdenum is ill ust rated by Bnriell hardness readings taken 
along diagonal lines of 8M!*inch square sections of molybdenum 
and chrome vanadium steel respectively. The maximum hard- 
ness in each case was 293, while the minimum hardness, ot 
the tvnter of the section was 202 in the case of chrome 
moly1>denuim steel, and 235 in the case of the chrome vana- 
dium steel, 

FIVE TYPES OV MOLYBDENUM STEEL 

Molybdenum steels are made In tlve types, as follows : 

Type MO, chrome molybdenum. 

Type MS, chrome molybdenum, higher carbon. 

Type LM, chrome nickel nK>lybdeuum. 

Type NM, nickel molybdenum. 

Type VM, chromo-vanadium molybdenum 

The type MO is made In three molybdenum ranges, as fol- 
lows: Class A, 0 26-0.40 i)cr c*ent molybdenum; class B, 0.60- 
075 per cent molybdenum, class O, 0.75-100 per cent 
molylKlenum It has been found, however, that the class A 
meets praelicnlly all i‘<jmmerclal requirements and Is usually 
flpedlleil. 


The MS type of chrome molybdenum steel is used for 
chassis springs and for heavy gears. The carbon content is 
made as low as 0.35 per cefat for forgings and as high as 0.6 
per cent for rivet sets, etc. Besides, the steel contains 0.600.90 
per cent of manganese, 0.10-0.20 of silicon, 0.80 to 1 10 per cent 
of chromium and 0.25 to 0.40 per cent of molybdenuin. Phys* 
leal properties obtained in the spring steel are as follows: 
Elastic limit, 180,000-210,000 iK>unds; tensile strength, 200,000- 
230,000 pounds; elongation, 12 to 15 per cent; reduction of 
iin*a, 37 to 46 per cent. 

ADDITION OF MOLYBDENUM TO STEEL 
There has been an Impn^ssion, based upon past practice, 
that molybdenum, when Introduce^ Into steel, will volatilize 
or oxidize out of the bath. This lii' denied by molybdenum 
producers who assert that the metal can be Introduced Into 
steel as easily as nickel, and with recoveries practically as 
good. Molybdenum, In the form of a ferro-alloy, may be in- 
troduced into the steel by any of the customary methods. Re- 
cent developments have shown that It may also be introduced 
in the form of calcium molybdate. With ferro-molybdenum, 
the alloy may be introduced In the bath Just after the charge 
becomes plastic, and a little before the mt^U becomes level, 
when It may be thrown In, msks and all. It should not be 
added with the charge because of possible loss on the furnace 
bottom. It may also lie added Just after the flnal additions 
of ferro-nianganese and ferro-chrome, that Is, a few min- 
utes before the furnace is tapped 
Instead of adding the alloy to the bath, it may be added 
In the ladle, in which case it is advisable first to melt it, and 
then pour it into the molten stream after the furnace is tapped. 
This latter method was the first one to be employed during the 
ivar, but it was later replaced by the previously described 
method. When calcium molybdate is used, it Is added In the 
early stages of the heat, preferably a little before the melt 
becomes level Whatever the type of furnace, It Is well to re- 
member that the molybdate must come lu direct contact with 
the molten Iron, and must therefore be added (in the basic 
furnace) before the lime begins to crmie up Shipped In sheet 
iron drums or In sacks, the molybdate is addeil, containers 
and all 


Researches at High Temperatures and Pressures* 

Investigation Into the Internal Conditions of the Earth 

By Sir Charles A. Parsons, F.R.S. 


J UHT ten >ears ago in this room Sir Richard Threlfall 
discussed the effects of temperature and pressure on 
various substances, and commenced by referring to a 
suggestion I made In 1904 to sink a bore-hole twelve miles 
dt*ep In the earth with the <yi)leci of exploring the regUni be- 
neath us, about which so little 1$ known. Last summer at 
Bournemouth I ventured again to direct attention to the 
de;^irablllty of such an exploration In the Interests of science 
generally, and to the possibility that It might ultimately 
lend to s<une doveloiyinents of practical Importance and utility 
Ten yeara ago no oxperlitwmts had been made on the be- 
ha\tor of rocks under the conditions existing at great depths 
Ik'Iow the surfac'e of the ground . but, prompted by my sug- 
gestion ip 1904, and after smne subsequent correspondence in 
rt'gard to the possibility of ttte ro(*k crushing In and closing 
Hie shaft, VtWflt. Frank I» Adams, of McGill University, Mon- 
treal, cotnmepced experiments on tlm strength of rocks to 
resist the closing up of cavities under the conditions prevail- 
ing at great depths below the surface. He published the 
account of these experiments in the Journal of Oeologp for 
February, 1912 

Adam’s method was to place a block of granite or limestone 

•Dlacourde dellvcrfd at the Royafl lagtltntion on Friday, January 
1*3 Reprinted froip yature F<*. 19 and 20, 1020 


in a tightly fitting c> Under of ulckel-'.teel. which was shrunk 
lightly around the block to ensure perfect fitting and support, 
hard steel rains actuated by a hydraulic press were arranged 
to cxc‘rt a known piessure against the ends t»f the jt^lock Two 
stiiull holes were iireviously drilled In the specimen, one axial 
la the center and one traverse, the diameter of the holes being 
0 05 in, or one-tenth the diameter of the specimen. The tem- 
l>erature of the container and 8pt*clmeu was rauintuliled at 
any desired point up to the softening point of stfvl In i^op^e 
experiments no heat was applied, while In others the temper- 
ature was raised to that estimated to exist at the depth below 
the surfucO of the earth corresponding to this pressure. 

When no heat was applied the holes In the granite showed 
no alteration under a pressure equivalent to thirty mljes 
deep, and in the case of limestone the specimen supported 
one-half of tills pressure without alteration Adams then 
raised the temperature of the container and specimen. When 
granite was heated to 550*C., a temperi|) 3 ]re corresponding to 
eleven miles below the surface, it stood pressute equivalent 
to fifteen miles, and might have stood more that th^ c<Ai- 
talner became weakened by the hey#: Limestone begiipi to 
decompose at a temperature of 4o0*C., W.even tt this 
Pnnperature It withstood a pressure corresponding /^o ten 
miles. ^ 


4 
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Adams cuadudes that small cavlUes in granite will not 
close In under the conditions of pressure and temperature at 
eleven miles below the surface, however long a time is alloweil 
to lapse, and that the cavities may persist to much greater 
depths, but the softening of the steel of the container pre- 
cluded the carrying of his experiments to still higher tempera- 
tures and pressures. 

So far as they go, these experiments ate reassuring as to 
the permanence and safety of a pit shaft twelve miles deep 
sunk through granite, but it would be more satisfactory to 
exp^iment on a larger specimen than one only in. In 
diameter as used by Adams and to heat the sped men electri- 
cally when submerged In graphite while keeping the container 
cold, the temperature being IndicaHMl b> a thermocouple in 
the epedinen. Tills coulA be (Carried out in u nlckel-stcel c<ni- 
tainer like that shown In Fig 2. 

In this connection P. W. PridKeman in 1911 submerged a 
sealed glass tube containing a cavity under an external hydro- 
static pressure of 24,000 atmospheres (<*orrespondlng to a 
depth in the earth of flfty-slx rnllos) fur three hours, and the 
cavity showed no change in size or form It, however, appears 
that temperature will probably place a limit to the depth that 
<*ould be reached before the closing In of the shaft commences 
to occur, for Judd, Milne, and Mallet agree In the view that 
the deepest origin of earthquakes Is between thirty and 
tlfty miles This would seem to iiulicate that at greater 
depths than thirty miles the temperature and pressure are 
such that changes of ^orm take place by plastic deformation, 
and not by sudden slips or the formation of faults, which are 
the chief cause of earthquakes. Again, Oldham states that 
beyon^ twenty miles deep seismic waves which are trans- 
mitted by compl*e8sion and distortlonal vibrations change In 
character in this respect that though the comprcssional 
waves are only slightly affected In velocity, on the other hand 
the distortlonal waves are reduced to one-half their velocity 
This would seem to imply that the modulus of elasticity In 
shear has, at tw*enty miles depth, owing to the rise of tem- 
lierature, fallen to one-hulf, and it seems probable that the 
lock also Is weakening In its resistance to shear, In fact, that 
the rock is l)ecomiug more plastic, and that cavities would prob- 
al)Iy close up at twenty miles below the surface 

The grcat«'8t depth to which a shaft has as yet been sunk is 
only alK)Ut 1 1/5 miles The deepest single-stage shaft on 
the Rand Is that of the Hercules East Rand Proprietary Mine. 
It Is 4,500 ft. vertically, and rectangular in section The 
deepest shaft in the world is that of Morro Velho, Brazil 
The bottoan is 6,400 ft, vertically below the surface, and it 
has been sunk, and is worked, in stages, two of which are 
about 1,200 ft vertical. The deepest shaft designed on the 
Rand is by the City Deep Co It is 7,000 ft. vertically, is 
circular of 20 ft diameter, and is to be worked in two stages 
ot 3,500 ft each The nmsf rapid sinking record was made at 
the Crown Mines No. 15 Shaft, where 31,0 ft were sunk In 
a month; the shaft is circular, and of 20 ft. In diameter. 

There are several Interesting departures from ordinary 
mining practice necessary. The haulage is arranged In stages 
about half a mile, principally in orrler to economize the 
weight of rope and also the power for winding In countries 
where the atmosphere is dry the sides of the shaft are cooled 
bir sprinkling water upon them, which by evaporation cools the 
rock. It IS| however, possible to augment the effect by ar- 
tificially drying and cooling the ulr before passing it down 
the mine. ’ 

When still greater deptlis of shaft are in contemplation 
further |nbthods of cooling in addition to these would probably 
be found necessary ; for instance, the carrying of the heat up- 
war/is by means of krlna circulated In a closed ring formed 
of steel pipea^ wdth a rising and *descendlng column. Though 
the columns tnighi be carried the whole depth of twelve miles, 
the hydraulic preteure at the bottom would be about 12 tons 
peif sqpara inch, and entail very costly pipes of great strength 
to resist ttie presAire. A cheaper plan would be to work 


in stages, each ring covering a ««tage of from two to three 
miles of the shaft, the heat being transferred from the top 
of one brine ring to the bottom of the ring above by surface- 
Qieat exchangers and refrigerating machinery to neutralize 
the heat drop on transfer. Those may bo called heat pumps, 
and would be driven el o<*tri cully 

As the d(i»th of the» shaft lncioa,vt*s, th»* pressure t>f 
the uir uixm the miners will be about doubled for every three 
miles, but what Is more serious is the imToascin tempera- 
ture of the Hir Itself caused by the udi alia tic c<mipression 
due to grnvlt.v, hy which it will be raised about ]00“F. For 
these reasons It will be necessary to place airtight parti- 
tions across ilie shaft at every mile or two, and to carry on 
the ventilation through these iiy moans of a pump to deliver 
the foul air iipw'^ards and an expander to allow the fresh air to 
descend These two machines w'ould be linked together, and 
the dlfforeiKe in their power supplied by an electric motor 
(This metluHl has l)cen often used with winter, and Is equally 
applicable to air ) 

At each partition heat exchangers and refrigerating ma- 
chinery similar to thtwe used for the bime would be placed. 
Another and preferaible plan would be to place numerous heat 
exchangers between llie ascending columns of air to transfer 
■heat fnnn one to the other The air would, in this <*a«e, not 
Itself act as a conveyor of heat to the surface, for which the 
brlnt* columns would be depended upon, but it would enable 
airlocks every three miles to suflice A further alternative 
and very simple method would be to convey liquid nir from 
the surface, and allow it to esouim at the part of the shaft 
requiring cooling It would ensure good ventilation. 

When sinking the deeper portions of the shaft, shields would 
probably be necessary to proti^t the miners from the splinter- 
ing of the rock which is caused by the Intense compressive 
strcM.^, whlcli splits off scales from the surface, sometimes 
with considerable violence. 

In 1904 the estimate of the time requlreil to sink twelve 
miles w^as eighty years, and was based on the records of that 
time With Itnprovcnl machinery and methods the records have 
lieen so much lowwed that an estimate of thirty years seems 
now to lie reasonable 

Threlfall traced the gradual evolution of the tht»ory of the 
effects of temperature and pressure on the allot roplc forms of 
various sulistances He described his apparatus and exp*‘i*i- 
inents designed to melt graphite under high pressure, his 
inference then being that under pressures up to 100 tons per 
square inch carbon does not follow the same law as many 
<dher sub.«*tam>es and does not crvsialt/e as diamond on 
cooling 

An interesting disc'overy was made bv Bndgeinan In 1911 
when studying the compressibility of mercury He found that 
it had a remarkable power of penterating steel containers, a 
ixiwcr not possessed by oil or water, which caused them to 
ijurs! at much lower pressures than when they were charged 
with oil or w'nter The phenomenon he altributetl to the act 
that mercury has the iKiwcr of dissolving small percentages 
of Iron, and will amalgamate with It w'hen the surfaces are 
absolutely frw* from oxide * 

In 1912 Brldgenmn published his remarkable researches on 
water under pressures up to 20, (KK) atmospheres. He found 
that there are four allotroplc forms of Ice besides ordinary 
ice, whlcii are found under various conditions of pressure and 
temperature with detenninato regions of stability All these 
forms except ordinary Ice are more dense than water; one 
is remurkahlo as existing from a tempernlure of -18*C! under 
a pressure of 4r>(X) atmospheres up to a temperature of 67* 
r under a pressure of 20,000 atmospheres 

Recently a pressure of from 200 to 1,0(X) atmospheres at a 
temperature between 50® and 700® C. has been applied to 
compel hydrogen to combine with nitrogen to form ammonia 
on a great commercial scale, a catalyst being necessary to pro- 
mote the combination and to establish the equlllbriiim between 
the gases and their product This action Is reversible as 
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rcKurOs temperature unU pressure. On the other hand, Iron 
Just molten Is an energetic catalyst in the transformation of 
(ilaniotul into graphite, but, contrary to expectations, as we 
shall see, no amount of pressure that has yet been aPPH^ 
appears to have cuustvl a ^e^ersul of this action. 

More than thirty years ago, having suitable apparatus at 
hand, I made u few experiments to try the effect of high 
pressures and temperatures on carbon, compounds of carbon, 
and some other substances 

The apparatus consisted of an 80- ton press, under which 
suitable containers were placed, and a turbo-generator of 24 
Kilowatts output at vSo \olis provided the current. It had 
been dlscovcre^l by Cheesborough that the carbon filaments 
or incandescent ]umi>s became \ery hard and resilient when 
heated In a liydrocurbon atmosphere of about 4 mm. absolute 
pressure, tnid I was anxious to try what would be the result 
if a rod of carbon were electrically heated when submerged 
In a Itquul hydrocarbon under high piessure Benzine, kero- 
sene, treacle, diloride, and bisulphide of carbon were tested un- 
der a pressure of 2200 atmospheres, or about 15 tons per sciuare 
Inch The results were not successful in producing a hard 
coating to the rod or in increasing materially its density and 
hardness except in the case of tetrachloride of carbon, which 
sllglnly consolidated and hardened It; on the contrary, the 
carbon deposited from the liquids always appeared as soft 
amorphous carbon like soot These experiments were extended 
by substituting, Instead of the liquids mentioned, silica, alum 
Ina, and other substances and increuslng the pressure to 30 
tons per square In(4i When the current density was suf- 
ficiently increased the rod was converted to soft graphite 
Molssiin in liKKl expressed the view that iron In a pasty con- 
dition was the matrix of the diamond, and that great pres- 
sure was the determining factor, which compelled a minute 
fraction of tlie carlxm present to apyiear as diamond; he 
further referrcil to the prohabllity that carbon is liquefied 
when under a ]>res8uro sulliclent to pre\ent its volatilization, 
and that from the liquid state it ma> pass Into the crystalline 
form on cooling Crookes, in his lecture delivered before the 
British Association at Klraherly In 190.5, emphasised the same 
view as to the probability of the crystallisation of carbon 
directly from the molten slate on woling 

Though my original experiments in 1888 were not favor- 
able to these views, it nevertheless .seemed desirable to carry 
the Investigations up to tlie greatest i>ossIble pressures attain- 
aide. Experiments were, <*onseq\iently, resumed in 1907 with 
a new equipment, which couslsteil of a 200-lon hydraulic press 
and a storage battery of 360 kilowatts output Tlie battery 
can he (xmpled for 2, 4, 8, 16, or 48 volts us required, and 
the mains and tlie main switch can carry currents up to 80,000 
anuiores to the hydraulic press, which is placed by Itself In 
a small, strong house partiv below^ ground, with walls of 2 
ft, thickness reinforced with steel bars; the door Is of steel 
3 In thick, ami tlie roof is of light galvanisf^ Iron The 
container under the press is further enclosed by 2 in. thick 
telescoping steid rings, raised Into position by steel ropes 
and counter-weights These precautions, as experience showed, 
were necessary, as several violent e\plo.slons occurred which 
cracked the steel rings and blow oft the roof A charge of 
Iron and carbon, w»hen confined and raised to a high temper- 
ahire, may be very violent If suddenly released by the melting 
of the pole-pieces; also some endothermic comtwunds have 
been formed which sw’elled the conlaluer and allowed the con- 
tents to escape. 

My expcrUqonts confirmed the conclusion at which Threlfall 
had Indeiiendently arrived: that under pressures up to 100 
tons pt‘r square inch and very Intense heating by electrical 
current, graphite Is not materially changed. But modifica- 
tions in the experiments were made and other methods 
adopted, as will be explained, which in some respects carried 
the investigation to still higher pressures and temperatures; 
these, however, lead to the same conclusion, 

I propose this evening to deal chiefly with the practical 


or engineering side of the subject, and to review the limits 
of pressure and temperature which are artificially attainable, 
and to make some comparison between them and the pres- 
sures and temperatures occurlng in Nature. 

When the blade of a knife is pressed strongly against an- 
other blade so as to make a dent in each, the pressure on the 
boundary surface of the metal at the notch will have av- 
eraged from 300 to 850 tons per st^uare Inch according to the 
liardness of temjper of the steel. Tlie pressures of the knlfe- 
odges of a weighing machine when fully loaded are also of 
the same order. 

When a needle is broken or a piece of piuno-wire is strained 
to the point of breaking, the maximum tension on the metal 
will be at the rftfe of 150 tons i>er square inch. On the other 
hand, the pressures that occur In the ehninbers of large guns 
do not usually exceed 20 tons per square inch, and the tensile 
stiesa on the plates of a ship In heavy weather should not 
e\<*eed 8 tons per square Inch Prom these simple Instances 
some idea Is gathered of the limitations Imposed by materials 
and dimenblons upon apijunitus for experimenting at high 
pressures because of the practical difficulty of hardening and 
tetni»erlng steel in large masses. 

When dealing with small amounts of material In each ex- 



l)erlment the dhinensions |>ermit of making the container and 
the rum of tungsten steel, wliloji cun be hardened and tem- 
pered throughout, and not only buperficially, as in the case 
of ordinary carbon steel The material Is hard and strong, 
hill not Imttle, and it retains these qualities up to moderate 
tt»in|M*ra tares, such as 600® O , to a much greater extent than 
an\ other steel 

lu one form of container or dies the liore is 1 1/4 In In 
diameter, and It may be used for a limited number of times 
for a pressure of 200 tons per square inch. It will, however, 
e\cntually <THck if this pressure is many times repented, the 
creeks usually beginning near the bottom of the die. 

For still higher pressures it is better to use a double re- 
entrant container with two rams % in. in diameter. Both 
the container and the rams are made of hardened and tempered 
tungsten steid, and are rendered fluid and gastlght by mild 
steel cups on the ends of the rams. 

If the charge occupies only a short length of the bore, as 
shown, the barrel of the container where the charge lies Is 
supported by the shear strength of ttie metal above and below 
the zone of pressure in addition to Its own strength as a tube. 
Under these conditions it Is as strong; as or stronger than the 
crushing strength of the rama, and pressures of 800 tons per 
square Inch may be repeated several times without cracking. 

In a container of this form several grains of fulminate of 
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mercury have been placed, eml>ed(led In graphite, and the 
pressure increased very gradually until it reached 280 tons per 
square inch (under this treatment fulminate does not usually 
detonate). The die was then heated by gas to more than 180* 
0., the temperature of detonation After two failures of the 
experiment, owing to the leakage of the steel cups, the third 
was successful, and no gus escaped and the container wus un- 
injured. The graphite was somewhat caked, but otherwise un- 
altered. Graphite mixed with sodium nitrate and fulminate 
was also exploded under the same condition. Graphite with 15 
per cent of x>otassium dilorute detonated when 290 tons per 
square inch had been reached. 

Many other reactions were tested in a suiillur manner In 
larger dies under pressures of from 40 to 200 tons. The ac- 
tion of concentrated sulphuric acid on sugar wus acetderated 
by a pressure of 50 tons, but, on the whole, these expeilments 
In dies failed to produce any Interesting results. 

Unfortunately, the heating of the die with its charge can- 
not be carried much above 500®C. witliout serh us weakening 
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of the steel and compelling a reduction of pressure The 
electrical heating of the charge In such small dies, while 
koi'ptng the die cool, presents great <llttlcultles in elecdrlcnl 
insulation on so small a scale to withstand intense pressure, 
but I tliink It might be accomplished in certain inslances 
It has iMMMi suggested, with the object of reaching higlier 
pressures, that a small die might be bodily Immersed In u 
large container Doubtless it could be arranged, but It would 
be very cumbersome to work with, and >vouUl only add about 
100 tons i)er square Inch to the maximum pressure. 

A better plan would be to follow the principle of the usual 
capped armour-piercing projectile, and to reinforce the rams 
and ends of the container by tightly tittlng copper or bronze 
rings around the necks of the rums, keeping the parallel 
part of the noses as short as possible 
When In operation the copper rings will he flattened and 
squeezed against the necks and shoulders of tlie rams, and 
nlso against the ends of the container, and by this means 
the parts that ordinarily would have to bear the maximum 
stress will have part of this stress transferred to other parts 
not so heavily stressed, and, consequently, the maximum 
pressure in the container can by this means be raised con- 
siderably, perhaps to 460 tons per square Inch 
In carrying out experiments on larger samples of material 
And In applying electrical heating to the charge, the con- 
tainer becomes too large to permit of its being made of 
hardened steel ; therefore, nickel-steel Is used, as for the bar- 
rels of guns, It Is heat-treated by quenching in oil from a 
high temperature after rough machining.' Containers (Figs. 


1 and 2) with the thickness of wall equal to the diameter 
of tlio bore will stand an internal pressure of 40 tons per 
square inch repeated almost indefinitely without serious en- 
largement of (be bore, but 100 tons necessitates reborIng and 
fitting of new [lacking to the ram after each experiment. 

Pig. 1 shows the arrangement for electrically heating con- 
ductors Immersed In fluids under high pressure The packing 
of the ram Is a cup leather-backed by a cup of brass; the 
leather firs I (akc^s the pressure, and the lip of the brass cup 
Is thereby expanded tightly against the bore of the container, 
and remains fluid-tight even though the leather should be 
carbonised by the lieal The lx»ttom pole Is electrically In- 
sulated from the container by vulcanized fitber washers and 
a rubber cup-ring, wlilch Is proteced from the heat by inug- 
iH^site stemming 

The current Is conveyed Irom the (*ontnlner to the top pole- 
piece of the conductor by pads of copi>er gauze, which can slide 
easily against the bore of the container and allow tor the 
expansion of the conductor. Experiments on liquids with this 
cs)ntainer under 4400 atmospheres gave the same results as 
inv' former experiments under 2200 atmospheres. 

Fig. 2 shows the container arranged to melt graphite under 
pressure by resistance heating. Here the charge is graphite, 
and Is divided by the bridge or ring made of pressed calcined 
inagnohiu or titanium oxide. The bore of the container Is 
electrically Insulated from the graphite by layeis of asbestos, 
millboard, and mica. 

The calories evolved in the combination of graphlie and 
oxygen are about 0 6 i>er cent, loss than those evolve<l in 
the combi nation of diamond and oxygen, indicating tliat graph- 
ite at ordinary temperature la, to this extent, a stable state 
The bulk-pressure which has opera tc?d in some of tiie ex[verl- 
ments would, however, seem to have been amplv sufllcicut 
to tuin the balance in favor of diamond instead of graphite. 
The uncertainty, on the other hand, as to the compresHlbilltle.s 
and specific heats of the allotroplc forms of carbon under 
high pressures and at high temperatures renders speculation 
of little value as to what may occur at the melting point of 
carbon. All we know is that, up to the [iressures and temper- 
atures reached In our experiments, no indication of a change 
from graphite to diamond has l>een produced. Tu one ex- 
periment very intense heating was applied for five seconds, 
but sufliclent In amount to melt the graphite core six times 
tiver, the only result liemg a slight alteration in the structure 
of the graphite The barrier in this experiment was calcined 
magnesia, and the hole in it was superficially converted to 
magnesium carbide* Tt niUMMirc'd, however, desirable further to 
investigate the possibility of carbon losing its electrical con- 
ductivity when approaching its melting point, as alleged by 
Ludwig and others, and of shunting the current from itself on 
to the contiguous molten layers of the insulating barrier sur- 
rounding It. There had been no indication of such a change 
having occurred even momentarily; it rather seemed that the 
graphite core had been partially vaporised and condensed In 
the cooler parts of the diarge. The experiment was repeated 
with rods of iron and tungsten emibedded in the core, so that 
should the temperature of volatilisation of the metals under 
ii p^es^ure of 15,000 atmospheres exceed that necessary to 
liquefy carbon under the same pressure, the presence of these 
metals, might produce a different result. No change, however, 
occurred 

Note — The temperatures at which carbon, Iron, and tungsten 
volatilise under a pressure of 16,000 atmospheres are unknown, 
but they are probably much higher than at atmospheric pres- 
sure 

This experiment also tested Iron as a solvent of carbon 
and as a catalyst from diamond to graphite under a pressure 
of 100 tons, and showed that under this pressure that action 
was not reversed. 

Fig. 3 shows the container arranged for treating powders 
by resistence heating with or without the addition of liquids 
or gases. The electric current is conveyed from the container 
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to t)iO end <»f the coudurtor a lajer of graphite which 

rests on the chaige under tieatnient The botttnn end of the 
conductor rest^ on or is spigoted into u cast-iron block which 
ivMts oil tlic bottom pole, this bh»ck Is soTnctlmos partially 
ineltfnl, hut < nn he euslli rcuew^**d. 

The ctm miner is charged by first stemming magnesite powder 
h> hand aiound the bottom jiole-pieco and block; then the 
i‘harge is placed on the top and presac^d to 5 tons per sciuare 
inch , the lop ram Is then removed, a hole drilled through 
the charge, and the crmdiictor Inserted, LiQuIds, If used, or 
carbon dioxide snow may then be introduced ; lastly, a layer 
of graphite U placed on the top, and the whole pressed to the 
desired pressure for the experiment. 

In one e\[teriment several pounds of eurbon dioxide snow 
were added to (he charge, which consisted of magnesia, and 
was s<» arranged that e\aporution of the heating carl>on lod 
took place In an atmosphere of carbon dioxide and carbon 
monoxide under a gamsms pressure of 4400 atmospheres, the 
condensate resulting being soft graphite. Upw^ards of two 



KIG 3 IH)NTAI\KR l‘^)U COMPUKajRINO POWDKRS AVTDl 
OK WlTIIOtlT LIQUIDS ANT> GASBS 


hundred chemical reactions arranged to deposit carbon wi*re 
tested under high pressure and central heating. After eacli 
expel Iinent samples were taken from various parts of the 
charge and carefully analysed for diamond, the methods of 
the analyses generally following those of Molssan and Crookes 
On the whole, there was no evidence that diamond had been 
prcMluced by any of the chemical reactions, some of which were 
ondutherndc, such us carborundum and sodium carbonate, 
which produced a grey solid which detonated when struck with 
a hammer, and nearly caused a serious accident. In one exper- 
iment the charge was olivine and water; when molten under 
10 tons per square Inch the pressure was suddenly removed, 
and artificial pumleo was formed by the expansion of water- 
vapor ab80i4>ed by tlie olivine when molten. 

Having nearly reached the limits of steady pressure obtain- 
able tn steel containers under a press, experiments with Impact 
pressures produced by steel bullets were tried, which pro- 
duced Ttiwch higher Instantaneous pressures than are obtain- 
able in any die. 

A rifle, 0.303-ln. bore, w’as arranged for wltlistandlng a 
charge of cordite 90 per cent. In excess of the Service charge 
The gun (Fig 4) was fixed with its muzzle 0 In from a 
massive block of steel, In w^hich a hole 0.308 in In diameter 
had been drilled to a depth somewhat greater than the length 
of the bullet, and In alignment with the bore of the gun; 
cylindrical bullets of steel with a copper driving band were 


chiefly used, shorter than the Service bullet and about one- 
half the weight. The aubstaiico to be compressed was placed 
either at the bottom of the hole» when a conical-nosed bullet 
<ff mild steel was used, or over the mouth of the hole, when 
a cupped-nosed bullet of tool-stq^l was employed. About a 
hundred experiments were made. 

The substances tested included graphite, sugar-carbon, bisul- 
phide of carbon, oils, etc., graphite and sodium nitrate, graphite 
and fuLnunute of mercury, finely divided iron and fine carborun- 
dum, olivine and graphite, etc. After each shot Uie bullet 
and surrounding steel were drilled out, and the chips and en- 
trained matter aiia]>ml. Fig. 5 shows the bullet in the hole 
after firing 




FIG 4 PRODUCING HlOH PUE9SURIC BY FIRING A BULLET 
INTO A HOLE IN A STEEL BLOCK 
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FIG 5. EFFECT OF FIRING THE BULLET INTO THE HOLE 
IN THE STBEI, BLOCK 

Several experiments were also made with a bridge of aro 
light carbon placed over tlie hole and raised to the limit of 
Incandescence by an electric current, and the shot fired through 
It into the hole at the moment the carbon commenced to 
vaporise, as observed In a mirror from without. Also, an 
arc between two carbons was arranged to play Just over the 
hole and the shot fired through it (Fig. 6). The residues were 
In all cases exceedingly small, and there was no evidence of 
any Incipient transformation of carbon in bulk Into diamond 
that could be detected by analysis. 

The pressure on Impact of a steel bullet fired into a hole 
in a steel block which it fits is limited by the coefficient of 
<H>mpres8fblllty of steel; with a velocity of 00(X) foot-seconds 
It is about 2000 tons per square Inch. Measurements made 
from a section through the block and bullet (Fig. 5) showed 
that the mean retardation on the frontal face after the Impact 
until It had come to rest was about 000 tons per square 
Inch. Several experiments were made by substituting a tung- 
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sten Hieel blodc hardened and tempered, and a hole tapering 
gently from 0.803 In. at the mouth to 0.125 In. at the bottom. 
The tnJld ste^ bullet was deformed by the tapered hole, which 
greatly increased the velocity Imparted to the nose. Progres- 
sively increased charges were used. With the 00 per cent, 
excess charge the block always split on the first shot, but 
this probably occurred after impact, and not until the full 
instantaneous pressure had been exerted, which was probably 
about 6000 tons per square Inch, or about equal to that at the 
centre of the earth. 

It would be interesting to repeat some of these experiments 
cm a larger scale With a projectile 0 in. or 9 In. in 
diameter and a velocity of 5000 foot-seconds, the instantaneous 
pressure would he the same, but Its duration (which is pro- 
portional to the linear dimensions) would be increased from 
twenty- to thirty-fold. It has been estimated that the rise in 
temperature due to adiabatic compression of incandescent 
carbon when subjected to 2000 tons x>er square inch is of the 
the order of about 10CK)*O., so that actual melting of the 
carbon would probably have occurred when the shot was fired 
through the Incandescent carbon bridge. 



FIG. 6 FIRING INTO THE HOLE THROUGJI AN 
ELEIOTRIC ARC 



KIO 7 THE flri'KKJ. HH>CK AND HIH^TON WHICH WAS 
FITTED TO THE RIFLE nARKEL 


Another experiment was arranged which uould ensure that 
carbon should be subjected to an extremely high temperature 
concurrently with a high pressure obtained by the rapid com- 
preasion of the hottest possible flame, that of acetylene and 
oxygen, with a slight excess of the former to provide the 
carbon. The arrangement was as follows (Figs. 7 and 8) : — 
A very light piston made of tool-steel was carefully fitted 
to the barrel of a gun of 0.9 in, bore; the piston was flat 
In front, lightened out behind, and fitted with a cupped copper 
gas^heck ring, the cup facing forward; the total travel of 
the piston was 86 in. To the muzzle of the gun was fitted 
a prolongation of the barrel formed out of a massive steel 
block, the Joint being gastlght; the end of the bore in the 
bloi^ was closed by a screwed-in plug made of tempered tool- 
steel, also with a gastlght collar. A small copper pin pro- 
jected from the center of the plug to give q record of the limit 


of travel of the piston. The gun was loaded with 2 drams of 
black sporting powder, which amount bad been calculated 
from preliminary trials. The barrel in front of the piston was 
filled with a mixture of acetylene and oxygen. It was esti- 
mated that this mixture would explode when the piston had 
travelled about half-way along the bore. When fired, the pis- 
ton travelled to within 1/8 in. of the end, as had been estimated, 
giving a total compression ratio of 288 to 1. As a result, it 
was found that the surfaces of the end plug, the fore end of 
the piston, and the circumference of the bore up to % in, 
from the end of the plug had been fused to a depth of about 
0.01 in, and were glass-hard; the surface of the copper pin 
had been vaporised, and the copper sprayed over the face 
of the end plug and piston. The end plug, which had been 
hardened and tempered to a straw colour, showed signs of 
compression, and the bore of the block for % in. from the 
plug was enlarged by 0023 In in diameter, both indicating 
that a pressure above 100 tons per square inch had been 
reached. A little brown amorphous carbon was found in the 
chamber, which was easily destroyed by boiling sulphuric acid 
and niter. There was no diamond residrue from this. Oon- 
siderlng the light weight of the piston and the very short 
duration of the exposure to heat, the effects would indicate 
that a very abnormal temperature had been reached, many 
times greater than exists in the chambers of large guns A 
calculation made by Mr. Stanley Cook, based upon the ratio 
of compression and a final pressure of 15, 900 atmospheres, lu- 
dlcateb that a temperature of between 15,260“ and 17,700“ 
C. was reached, the exact temperature depending upon the 
amount of dissociation or combination existing between the 
elements at the time. 



EXPERIMENT 

Cairuiatton hy f<tan!ey S Cook of the Temperature Reached in 
the Experiment of Comprenning a Flame of Acetylene 
and Oxygen. 

The temperature readied mnv be eatlniahMl from the final 
pressure, which the observe<l deformation of the block and 
plug indicates to have been in the nelghlsirhood of 100 tons 
l>pr square Inch. But it must be remembered that there Is a 
Change of molecular volume as a result of combustion. Thus 
the mixture, which as C,H, and 5(0) has 3% molecular 
volumes, would on combustion to 2CO| and H,0 have only 
3 mclecnlar volumw. The final temperature deduced from the 
pressure will therefore depend upon the extent to which 
chemical combination has taken place 
The original mixture being at atmospheric pressure and at 
a temperature of 290“C. absolute, a pressure of 100 tons per 
square Inch, after compression to 1/2R8th of Its original vol- 
iwne. would Indicate a temperature of 15,250“ T. If, however, 
complete combustion has taken place, this pressure would 
correspond to a temperature greater in ratio of 3^/^ to 3, 
viz., to 17,7(X)*0. The actual temperature must therefore 
have l>een something between these two values 
Let us for u moment consider the pressures and temperatures 
possible In Nature (in this I am Indebted to kind assistance 
from Prof, Jeans). The pressure at the centre of the earth 
is between 4,000 and 10,000 tons per square inch, according to 
the variation in density of the concentric layers 
Emden has estimated the probable pressure at the center of 
the more massive component of the binary star S Hercules 
to be 360,000,000 tons per square inch. 

Again, the densities of the brighter components of certain 
binary stars are estimated by Oplk to be a1>out that of Iron, 
and if we assume that their diameter is the same as that of 
the sun, that each has an initial velocity in space not greater 
than 30 miles per second, and that they directly collide, 
then, owing to their mutual attraction, Jeans calculates that 
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tlu’lr velocity \mU h«\e Increased to 450 miles per second, 
and that the pressures In the center as they strike and flatten 
would be of the order of 3,000,000.000 tons per square Inch. 
He also estimates that the heat equivalent of the energy 
would be sufficient to vaporise the whole mass 100,000 times 
over, Tills Immense pressure would be maintained for many 
minutes, perhaps for half an hour. 

T^et us consider what is the greatest pressure that can be 
produced artificially If the German gun which bombarded 
Paris were loaded with a solid steel projectile somewhat 
shorter and lighter t>ian the one actually used, a muzzle 
>eloclty of iilwul 0000 foot-sectmds might be rea<fiied (many 
jears ago Sir Andrew Noble hud reached 5000 foot-seconds) ; 
and if it was fired Info a tapereil hole, as I have described. 
In H largt‘ block of steel, this would give the greatest In- 
stantaneous pressure that can he produced artificially so far 
as we at present know, viz Hl)out 7000 tons per square inch , 
It Is only about 1 /1 50,0001 ii part of flint possible by the 
collision of the largest stars 

As to the teniiierature and <^>ndUlons of matter under thes*' 
Intense pressures, (*xtrapolntion from known data is valueless. 
We lm\e no knouhnlgo of the coefllclents of compressibility of 
matter under these conditions or of its specific heat What 
may be the ofte<'t on the atom? And will elements under such 
conditions be transformed Into otliers of higher atomic wuMght? 

Some of us nui> recall that in 1888 a lec^tuier, after desciilc 


Ing in this room the experiment In which oxygen at atmos- 
pheric pressure was passed in close contact with a platinum 
surface heated by the oxy hydrogen burner to nearly its melt- 
ing point, and then Immediately cooled by contact In water, 
said : 

“In this experiment ozone is formed by the action of n high 
temperature, owing to the dissociation of the oxygen molecules 
and their partial recombination into the more complex mole- 
cules of ozone. We may conceive It not Improbable that some 
of the elementary bodies might Ik* lormed somewhat like the 
ozone in the above experiment, but at very high temperatures, 
by the collocation of certain dissociated constituents and with 
the simultaneous absorption of heat.” 

It seems Indeed probable that the centers of the great 
stars and stars in collision may be the laboratories where the 
elements us they gradually degenerate are being continually 
regenerated Into others of higher intrinsic energy, and where 
endothermic processes, such as the rtcojublnatlon of lead 
and helium into radium, may bo taking place, absorbing in 
this process an energy 2,600,000 times that developed by the 
explosion of on equal weight of T N.T. 

The transformation of only a minute fraction of the mass 
of two colliding stars would therefore be amply sufficient to 
absorb the whole energj^ of their collision 

Emerson said many jears ago, “None Imt the elements 
can themselves destroy" 


Manufacture of Carbon Black from Natural Gas* 

Utilization of Low Pressure Gas in Fields Abandoned by Gas Companies 

By Roy O, Neal 


T llEUE ^eeiiis ti> be some confusion between the terms 
carbon black and lamp black, although in American trade 
lampblack is generally understood to be a soot formed 
liy the smudge process. In this process oil, coal tar, resin or 
some solid, or liquid carbonaceous substance is burned in an 
insufficient quantity of air, while on the other hand carbon 
black is n product lesultlng from the incomplete cond»Ui>tlon 
of gas and is de)M>sited by actual ccmtact ot lluine upon a me- 
tallic surtate 

The various carbons, such as gas roiori coke, till retort coke, 
graphite, carbon black, lampbla<*k, vine black, wood pulp black, 
willow charcoal, and blacks made from refuse material such 
as leather have different characteristics as to flocculence, 
strength of color, and physical structure Tliese blacks are 
made by one of the following methods* 

(1) Formation by illroit contacl of a tbune upon a de- 
Iiosltlng surface 

(2) Proiluctlon by combustion of an (»il, tar, etc, in an Inad- 
equate supply of air, the S(M)t is allowed to n1ow1> settle out 
on the floors and the walls of the collecting chambers 

(3) Carb(»nlzatlon of solids and subsequent reduction to 
a state of small subdivision 

(4) Production by heating cufibonaceous vapors or gases to 
a decomposition temperature by external heating, with or 
without air m the forming chamber. 

Each black has Its specific use that in most cases cannot 
be met by another black It Is often difficult to apply the 
usual tests to determine which to use on account of the modi- 
fication in proiierties upon combination with other substances. 
In what follows the block resulting from the Incomplete com- 
bustion of natural gas is taken up and is designated ns carbon 
black although often In the trade It Is referred to as gas 
black, natural gas black, ebony black, Jet black, hydrocarbon 
Mack, satin gloss black, and silicate of carbon. 

The estimated production of carbon black for the year 1218 
was 43,500,000 pounds, of which 30,000,000 pounds was man- 
ufactured in West Vlnglnia, and only 1,600.000 pounds was 

•Prom Monthly Reports of Iiwsstlgatlonii of the T7, 8 Bureau of 
Minos 


manufactured In Oklahoma Tills .vear will piobably show a 
deciGuse in production of West Virginia and a material In- 
crease for Louisiana, whore a large number of plants have 
remitly been Imilt In the Monroe. Louisiana, gas field, wlilih 
Is proliably tlie largest In the world today, the gas can be 
obtained for tw’o cents per tliousand cubic feet, whereas In 
West Virginia the (niriioii^bluck operators are pajlng about 
three cents The industry is necessarily a migratoiy one and 
usually finds Its homo in an isolated district w'heie there is 
an aluuidant sui>ply of gas with insufficient marketing facili- 
ties Judging fnun plant production, the average yield of 
carbon black In pounds per thousand niblc feet Is probably 
0 85 for Louisiana. 1.10 for West Virginia, 11 for Oklahoma 
and 1 4 for Wyoming 

Tlie estimated disirlbnlloa of carbon black per annum is 


Rulriier lndustr> . 
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Under other uses are paint, carlnin paper, t.vpe rIMion, tar- 
paulins, carriage cloth, black leather, paper, bookbinders’ 
board, shoe polish, electric composition insulators, celluloid, 
buttons, etc At present the export trade is small, pending 
the establishment of a stable basis of credit with Germany and 
Austria, but considerable quantities are shipped to England, 
France, Japan and China During pre-war times one-third of 
the annual protluction was exported. 

The first carbon black made in 1872 sold for $2.60 per 
pound; this price rapidly decreased until it reached the low 
mark of five cents per pound In 1912. In 1936 support was 
given the carbon black market when the beneficial results 
of the use of carbon black in rubber tire-making was dis- 
covered. The market price of carbon black has increased and 
has not since fallen below eight cents, during the past two 
years it has sold for as much as sixteen cents. The grade 
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of black above mentioned Is that used by the rubber and 
newspaper ink trade, and ccmstitutes the bulk of the pro* 
ductlon, although there are some grades, such as the Peerless 
black that bring as much as thlrty*live cents at the present 
time. The latter is used In limited quantities in making 
embossing and high grade lithographic ink. 

When planning the construction of a carbon-black plant, 
information on the following points should bo obtained : dis- 
tance from railroad or navigable stream, depth of wells, thick- 
ness of gas^earing strata, gns pressure, gasoline content and 
knowledge as to whether gas is casing-head or dry, amount 
of proven territory, history of field, drilling practice, location 
of field In regard to large centers for domestic and Industrial 
distribution of gas, distance from largo trunk pipelines for 
transportation of gas, open flow capacity of gns wells on 
prospective leases, and a test on the richness of gas for the 
approximate quantity of carbon black that 4jne expects to 
procure per thousand cubic feet. 

The carbon black value Is determined either by chemical 
analysis of the gas or by a test apparatus In which a known 
quantify of gas is burned and the carbon black that Is de- 
posited upon a plate is collected and weighe<l. By chemical 
analysis the yield of carbon black Is computed from the 
percentage of ethane, heating value, and the carbon content. 
Louisiana gas contains 8 44 per cent ethane, has a heating 
value of 062, a carbon content of 83 8 lb per thousand and 
only 0 8 of a i)ound is obtained i)er thousand cubic feet; 
whereas Wyoming gas which contains 43 1 per cent ethane, 
has a heating value of 1176, and a carbon (vmtont of 44 3 lb. 
per thousand, the yield is 1 4 pounds There are four coinmer- 
clal processes of making carbon black classified according to 
the quantity of carbon black piodu<‘ed The order la as fol- 
lows* channel, small disk, large plate and roller processes 

CHANNEl. l*RO<ESa 

Briefly the channel process Is as follows The gas from 
the wells is redncetl in pressure hy suitable regulators, and 
then goes through gasometers that regulate the flow by a 
butterfly vahe The gas then passes to the burners in the 
condensing buildings, special precautions being taken In the 
pipe-line design to obtain equal distribution of gas in all the 
bnlldlngs. The condensing buildings are sheet-iron buildings 
about 100 feet long and from 10 to 8 feet In width, arranged 
in rows along both sides of an alley Through the center of 
the alley, and at right angles to the condenser units, is the 
mum driving shaft, which operates the machinery within 
the units. 

On the interior of the buildings are tables of <’Imimel.s, 
beams having eight 8-Inch channels that travel on trucks Sup- 
ported hy a trestle 6 feet high and 66 Inches wdde The chan- 
nels have a reciprocating motion of about 55 Inches. The 
gas is burned through ordinary lava tips with an oven, Uiml- 
nous, and smoky flame, the draft being regulated by u slide 
door or slits at the base of the buildings or hy the cdilmneys 
There are about 1600 tips per building The carbon black Is 
deposited upon the underside of the channels Underneath 
the channels and spaced every four feet arc sheet lron hop- 
pers to catch the carlmn removed hy scra^iers set in the 
hoppers. Connected to the hoppers Is a spiral conveyor that 
carries the black to the bolting room The bolters are gal- 
vanized sheet-iron drums having a layer of 45 to 60-mesh 
iron screen hold by heavy wire as reinforcement over which 
fiber brushes rotate; the purpose of the devl<»e is to remove 
grit, scale and like material. From the bolters, the product 
is elevated by an endless chain to a storage bln, whence It Is 
pecked In 12%-pound sacks. 

The plants are usually built In 60-barrel units (60 ]>ounds 
per barrel) and have 18 buildings. The channels and other 
moving mechanism weigh about 200 tons. This is actuated 
by a 20 to 25-h p Internal combustion gas or expansion engine. 
The operating cost Is about 2 cents per pound (exclusive of 
cost of gas) and the construction cost at present is about 
$2,500 per barrel per day. 


ROTATXNO DISK. 

The disks are made of cast iron, 36 to 40 in. diameter, 
having a 6-in. face and, together with the gear and pinion, 
resemble fiat umbrellas The hopper and scraper radiate 
from the shaft and, like the burners, are stationary. The 
burners are in the form of rings with lava tips inserted about 
the upper part of the ring. The disks are sot In row's of 21 
each, with four rows to the condensing building, and a sepa- 
rate driving shaft for each row of disks The .pinions are 
of special design having teeth about 4 inches wide that mesh 
with 2-inch teeth on the gear. This arrangement is to take 
care of expansion and contraction. Other details of the plant 
are the same as in the channel system. 

Pf.Al’R PJlOCKSe. 

The plates upon which the carbon blaek Is deposited are 24 
feet In diameter, and made up of 48 st>gments, which aio 
supported by n central mast and cables. The plates are sta- 
tionary while the bmners and sctuixt rotate, making <nie 
revolution every eight minutes There are 1265 tips to each 
plate The plates are surrounded by a circular building 26 
feet In diameter, made of corrugated sheet Iron. The conve>or 
system, bolting, and packing process are the same as In tJie 
preceding systems One company has as many as 113 rings 
and a dally production of 10, (XK) iiouikIs 

llOIXEU METHOD 

In the roller process the gas Is burned through lava tips, 
having a round perforation instead of fish tall. The rollers 
are 8 Inches In diameter and three feet in length, making ime 
revolution In thirty minutes The scraix'rs are set on top of 
rollers and sciaiie continuously Fiom fi to 0 rollers are in- 
closed in one hood. In one visited there were 1150 

rollers and 40,000 tips, w'lth u prodintlon of only 300 pounds 
per day. The jleld per thousand cubic feet is very small hut 
the prmluct cimunands a high price, abotit 35 cents at present 
It Is used in making embossing and high grade lithographic 
inks 

THPKMAT. DErOMPOSniOV 

Thermal de(*omposltlon, or the subjection of oil vajvors or 
gas to cracking temperatures with or without the presence of 
air, is not a commercial success at present Inasmuch as the 
resulting carbon is lieavy, (•ontalns tanw matter and is off 
color A company in western Oklahoma elected a cracking 
chamber for making black from natural gas and found that 
the product was salable. A lobber said that it w*as not g<»od 
for any purpose except iH.»rhaps to lilacken the face of a 
inin.strel. The process, however, furnishes a promising field 
for future research Possibly by using a properly designed 
cracking ebambor, sudden cooling, using some catalyser, em- 
ploying pressure or the admission of a suitable quantity of 
air, the process will become a comimercbil success and capable 
of producing a black having the same properties possessed 
by the ordinary carbem iilack on the maiket toilav 

K.O^O^^^^S OF r\EBON in \Clv inditmtry 

Tt Is generally (‘onoeded that the most useful purpose that 
natural gas can bo applied to Is for domestic consumption, 
but whether gas is of greater economic value f<ir the manu- 
facture of cnrlKin black than for other industrial uses is a 
question that must be decided on the basis of c«>nditlons ex- 
isting m each locality in which a large supply of natural gas 
Is available. 

The utilization of low-pressure gas, discharge gas from 
natural gas gasoline idants, gas in isolated districts, and 
fields which have been abandoned by other gas companies on 
account of low pressure, for the manufacture of carbon black, 
is in reality often a conservation measure and is preferable to 
the common practice of letting the gas go to waste. 

The utilization of natural gas for domestic consumption Is 
possUdy the most beneficial use that can be made of gas, and 
It is not recommended that gas be used for the manufacture of 
<'arbon black where there Is an available market for the gaa 
for domestic purposes. 



High Temperature Electric Heat-Treating Furnace 

Development Due to the Emergency of the War 

By Geo. H. Holden, Assist. Inspector of Ordnance, U. S. N. 


B KFOllE the deoluration of war ugalnst fJeinnany* the 
naval arm of Atuerh'n^s military e»tiibUshnieut had made 
an Intensive siir\’ey of the varied industrial facili- 
ties. This, to a large extent, had been prepared through the 
assist ani-e rendered by (S)nihlned engineering societies to effect 
II r*(niiplete Industrial inventory, which, at the outbreak of the 
war, was practically compiled, so that sources of all material 
were available Tims the naval program of expansion — prep- 
aration — perfection — permitted the Navy Department to place 
large contracts with America’s chosen industries, whose later 
accomplishments, excessive production and excellence of qual- 
ity would be recorded of the stimulus and foresight of the 
preparation already outlined. 

To produce guns to fit out this large naval expansion was of 
such magnitude that it would confound any citizen not fami- 
liar with the activities Incident thereto. The arming of all 
transports, siippl.v l>oat, sub-chasers and tugs was imminent 


The writer will endeavor to present the actual production, 
on a major basis, in connection with the heat treatment by 
high temperature electric furnaces, on one of the large con- 
tracts. 

Prior to the actual construction of these furnaces consid- 
erable discussion was entered into as to the practicability of 
installing this type of furnace, owing to the fact that such 
data available was anything but encouraging and generally 
considered still in the experimental stage, as during 1915 and 
1016 one of the large steel compunies had conducted extensive 
experiments with several high temperature furnaces both of 
the experimental type and the commercial, and had collabo- 
rated with prominent electrical authorities to the end that 
considerable success and information was obtained. 

The following points are briefly presented for analysis, 
which will express characteristics both favorable and unfav- 
orable, based largely on tbe fact that maximum temperatures 



FIO 1 BPFBX^ 4>F VARIATIO.VH IN HXPAXWION OF THK 
I'OttCm.AlN HDFll WJ'IXIRY INSUIAIXHUS 


Also to insure that sea food would be available for our large 
growing population it was even necessary to arm the olfshore 
Ashing boats. As the reader will recall a number of atrocities 
were committed within the three-mile limit of our eastern 
shores by German marauders. 

The supply of gun forgings was confined to a half dozen 
manufacturers throughout the United States The tonnage 
which the Navy demanded was only obtainable through Im- 
mediate expansion and even though this expansion could not 
be readily accomplished, because the foregoing companies 
were worked to capacity, they did not have the capital sufficient 
to expand to meet the emergency demands of the Navy and 
further did not care to assume the risk of the war’s terminat- 
ing, possibly, before emergency extensions were accomplished. 
The War Industries Board, which had cognizance of the man- 
ufacturing facilities, directed, therefore, that expansions be 
made and subsequently cost-plus contracts were entered Into 
whereby the cost of expansion of various plants was paid for 
by the Government, llu» manufacturer assuming the respon- 
sibility of operating and producing material required. 
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TJlTIiUl TYPE OP PURNAOB EiMHOiOYINU A BED OP 
OBAiPHITK FOR OtHD HEAXrNU EI.I9MBNT 


uf at least 1,600 degrees are necessary in treatment of steel 
forgings. This particularly in such cases as do not respond 
to tho required static covered In the specifications. 

In connection with a few electric resistor type furnaces, tbe 
low temperature type has proven a success and it can be said 
that the experimental stage is over and was used extensively 
during the war for shrinkage and general manufacturing pur- 
poses where temperatures ranged 1,000 degrees F. or less. 

Where maximum temperatures exceed 1,000 degrees F. the 
electric furnaces have the following Invaluable characteris- 
tics. 

The Insulation, which to date 1017 has been adapted, has 
been absolutely erroneous and to some extent has been par- 
tially overcome, therefore, this type of furnace is still In the 
experimental stage and certain phases of tbe same when over- 
come will prove that the prospecta are very hopefttt 

It Is most Important that construction of furnaces be sucb 
that no metallic members be directly exposed to the high tem- 
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FIO 4 HTJHNAOE KQUIPMWNT APPROVED BY THE NAVY XMCPARTMICNT FOTTR HIOH TBMIPRRATITUK RRSIBTOR 

TYPE PURNACEJS* TWO QUMNOHINO TANKS WITH CAPAfTPY OP 11,800 CTJBK' KBET' OK 

WATIOR AND TWO COOiTylNO STACKS 


peratures dne to coofflclent of oYtonalon or expansion and 
fontraetion of same, except when adaptability will prove prue- 
tloable and where furnace design will compensate for same, 
as past experience has taught and demonstrated that simplic- 
ity and extreme strength are most essential when dealing 
with high temperatures. 

As an Illustration of this fact the Bureau of Standards In 
Bulletin No 362 entitled Thermal Expansion of Insulating 
Materials, and No 357, Coefficient Radiation, presents excel- 
lent data. In most lases the expansions are too Irregular 1o 
Justify the use of the general quadratic equations, but a 
thorough knowledge of the thermal behaMor of the >arlou8 
materials which enter into the construction of this tjpe of 
<*ommerclal furnat'e, will assure consldeimble siicc*eRs to the 
practical application of this theory, and the initial cost ot 
Installation. 

The procelain refractory Insulators used for suspending 
rt})(>ous have a wide range of the coefficients, namely, from 
Id to 196 millionths per unit length per degree centigrade. 
While this Is considered inslgniflcunt from a practical point 
of view, Its relation is obvious, however, w'hen used in con- 
nection with the columns and channels of a metallic wmjKj- 
sltlon having a coefDclent of extension expressed in inches, 
as will be noted In Fig. 1. 

The point-contact couplings at best are unsatisfactory as 
the pressure to be applied is uncertain and so important. At 
best the utmost skill and patience is required to obtain tem- 
peratures and results are unreliable, as check temperatures 
are desirous at times in order that forgings may be success- 
fully treated. 

It is most indispensable that a coupling contact be made 
at point of diffusion in order that temperature of furnace may 
be controlled, as in treatment of forgings in multiples or hol- 
low bored forgings. The furnace temperature proceeds at a 


more rapid rale In rising than the torging and to obtain uni- 
formly heated forgings they must be allowed to saturate to the 
furnace temperature. 

The \nrious steel compaiilt's rnanufaeturlng gun forgings 
ha\e attained a point of hlghe^-t effic'leiiry in the production of 
the same with the vertical oil-ftred furnaces in which the hu- 
nniii element Is a large factor oi characteristic concerned, par- 
ticularly in ki»eplng the teuipcralin es throughout the length 
of forgings at u unlfonii teiupei uture, or where a tapered 
temperature Is desired, owdng 1o the \arydng cross-sections of 
forgings. 

If this uniform temp<Tature Is not maintained when forg- 
ings aie quenched and subscKiuently drawn and tested iion- 
unlform results In physical tests will be obtained. 

One of the early exi^rlrnental iy\ye^ of this resistor type 
of electric furnaces was successfully used In the heat treat- 
ment of 14-ln A. P. sheila, but not until after the toreg<dng 
ln\aluable characteristics had been overcome, and It Is not 
^^rprlalng that the exix'rlments haxing this succes*^ hud run 
o\oi a period of one year, (\)nducted by tw'o leading electrical 
engineers 

This furnace, as shown In Fig 2, was 26 In Inside diameter 
and GO In high It was circular and a resistor type unit from 
wdilch the treating plan under discussion was developed. At 
first, no control at point of diffusion was made and when the 
furnaces hud attained the desired temperature current was 
cut out and before shell forgings w^as allowed to saturate 
uniformly throughout, the temperature at points where coup- 
lings had been inserted (In drilled holes) showed excessive 
\nrlatlon, which should not vary more than flve degrees to 
Insure proper treatment. Subsequently couplings at point of 
diffusion were attached. 

Another high temperature furnace was developed and after 
nine months of (constant experimenting s^ime success was at- 
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talned in the treating of 11 Vi in French shells on a commer- 
cial haslH. As may be seen In Fig. 3, this furnace had a re- 
fractory lined conduit on each side and the furnace was of 
the arch type gravity feed. About two bushels of graphite 
was consumed In 24 hours as the heating element The gra* 
phtte was laid uniformly along these conduits or troughs 
through openings at the ends and sides of furuacCf thereby 
completing the electric circuit The graphite was renewed 
constantly by laying same with a long handled shovel at points 
where graphite was about burned out The uniformity of heat 
diffusion was controlled by this uni (pie method of keeping the 
graphite at a uniform depth This typo of furnace gave con- 



PIG 5 THK NKTOIOME UIRBONS OOWKcn'F-n TO THE 
'IKUMlVAfi Rorw 


slant trouble and was subsequently reiUted with oil 

It was, therefore, recommended by ofTlolals familiar with 
the foregoing dlfllcullles that two of the battery of electric 
furnaci^ he fitted with oil type connections to Insure against 
delay In case any unforeseen dlfhcnlties should arise in the 
successful oiierailon of tliofeo funiaceH. 

The contratt required the total delivery of r»,OtX),000 of 3 In 
and 4 in gun forgings, delivery to begin six months after date 
of contract, to wit* 90 sets of 4 In. and 60 sets of 3 In gums, 
l)er cjilendar month— or aiiproxlmately 000,000 

To uccompllHh the heat treating of this large Nolume of 
material the company that received the contract were desirous 
of treating same h> the eloclric process, which whis a new 
departure unheard of on u commercial basis However, with 
the Navy Department's approval, a proposition was received 
from one of America's leading electrical manufuotiirers, which 
submitted a proposal to Install four high temperature heat 
treating furnaces and n^celved a tentatl\e contract during 
July. 1917, to proceed with the construction of the same 

fipeeiftcatwnA 

Furnaces — 27^<i ft. high, G ft. Inside diameter. 

High Tenoiperature Hardening Furnace, 400 Kw. 440 volts. 

Operating temperature 1,600 degrees F. Max 

Charge — 10,000 pounds steel. 

Thermal capacity, 1,600 degrees F. (2,000 Kw. H. Approx.) 

Radiation — 60 Kw, H. (Approx ) 

Furnace constructed per G E. design, 9 In. heat lagging. 


Ouaranteei, 

Operating at 440 volts, (A> Furnace at *600 degrees 
F., (barged with 16/)00 pounds steel at 00 degrees 
F., economy will be ziot less tt^an 6 pounds pet Kw. 

H, ; Cycle of heating— 0 hours. (B) Furdgee at 

I, 500 degrees F., charged with 16,0(M) pounds steel at 
GO degrees F , economy will not be less than 8 pounds 
l^er Kw H Cycle of heating — liours. Allowing 1 
hour for forging to soak at 1,600 degrees F. 

The electric furnace, as approved by the Department, Fig. 
4, was to consist of four high temperature resistor type fur- 
naces, two quenching tanks of 11,800 cubic feet of water capa* 
<*Ity and two cooling stacks. Furnaces were made up of a 
steel shell 10 feet In diameter In which a 12 In, floor of fire 
brick, asbestos cushioned was laid. In a vertical position a 
metal column frame of calorlte metal was erected. After the 
calorlte frame was set, centered and shored, a refractory lin- 
ing w^as inserted betw^een It and the steel shell, and starting 
from the frame studs, consisted of one row of high grade silica 
bric*k hacked by two rows of “Sllocer* and a packing of about 
two Inches of wool asbestos. The furnace face of this lining 
WHS then grouted and made air-tight at all Joints. Special 
refractory tube Insulators afforded entry for terminal rods, 
betw'een channels, spools of highly refractory (silica) material 
w*as inserted and on these a nlchrome ribbon was wound. 

This winding is well illustrated In Fig 5 Resistors or ter- 
minal couples are attached and after inspection of ribbons for 
contacts, the Cfivers of the furnaces are hung Flanges on 
the bottom of the cover castings sink Into a sand layer on the 
top of the furnace lining and serve as an air seal. The covers 
are built up of two sections — half domes — lifted by air valves 
and supported by a frame superstructure which rolls out from 
furnacT on standard rails and thus give clearance of the full 



FIG 0 IrMtPRGVKO UmiOS OF WALL INSULATOR 


diameter of the shell for the charging and withdrawing of 
pieces treated. The design and operation of these covers are 
Illustrated in Fig. 4. 

The temperature range Is effective from 800 degrees F. to 
about 1,800 degrees F. and while a maximum high range of 
1,600 degrees B\ is used, 300 degrees higher has been attained 
without inconvenience or danger to insulators or ribbons. The 
only visible effect was the distortion of the metal frame-work 
of calorites or aluminum steel. On the experimental bench, 
ribbons have stood up to 2,500 degrees F. without bad results. 

The furnace Is divided into four zones each under separate 
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FIG 7 THE CONTROT^ ROOM NOTO THE OPERATOR RETTINO A SWITCH DISK FOR THE MAXIMUM TEMPRRATI^RE 

DFISIRRD IV A 7A>NE OF THE FURNACTI 


aud ludeiK^nUeiU thermal control, ^vhloh gUcs greater elasticity 
of temperature range and enables the inctulluigist t(» compen- 
sate by graduated leslstance for the idiosyncrasies of tiauH- 
formation in the quench, which affects different sections of 
metul with greater or less degree of hardness or high static 
values. Each zone has an Independent Leeds-Northrup self- 
recording pvromoter. The pyrometer is e(|ulpped with a thiee 
wire motor driven corninututor controlling a galvanometer 
which acts directly upon a switch disc. The sotting of this 
disc go\erns the maximum* temperature desired and the main- 
tenuiRO of that temiierature when it is reached Fig 7 shows 
an operator in the act of setting a disc Hardening and draw- 
ing turiiaci’s are oporateil alike with the oxcopticm that ^^hile 
a uniform temperature is maintained on hardening, the grad- 
uated or step temperature is applied on draw heats \%itli ex- 
cellent results in the uniformity of physical characteristics 
obtained In breech and muzKie ends of parts tieuted 

The \M‘Iter will endemor now to present the actual troubles, 
developments and rectincatlous which wore ne<essary to phue 
the foregoing high temperature furnaces on an efllcient work- 
ing basis 

Shortl> after assumption of work on those furiiacvs. it was 
found that leslstor couples, which w'ere of mechanical design, 
were deteriorating very rapidly and in some cases caused rib- 
bons to become loose, and resulteci in an s wddeh burnt off 
the ribbons This causeil loss of the zone and necessitated 



rtQ. 8 . TIME REQUIRIOD TO BSMm TBl>tPERATURE FOR 
3-IN. TUBK8, 4-lN. JACKBrnS AND 4-1^. TUBES 


cooling down of the whole furimi^e to effect lepalis — the time 
loss and overhead i*osts atvuniuluting tli rough these repairs 
made the condition serious 

It wms found that curtain segments and columns were scaling 
so heavily that large pieces fulling on diunnels between re- 
sistance serM‘s caused numerous arcs which would also burn 
nlehiome riblions in two, causing gieat time l<»sses in operation 
on account of lepairs and replacenit‘nts of ribbons At this 
time unsuccessful attempts had been made to weld burnt rib- 
bons 

nie lasesNlt^ of rediniiig this lime loss resulted in exjieil- 
meiits on the welding of mchrome ribbons curried on by man- 
ufacturers of these furimn»s SuixTss attended the exiieri- 
luents ami a moiiitic at Ion v\us made in the elirmnation of tlio 
inecliunlcul couple, lo welding the ribbon directly on the ter 
inliiul lod iilkevvise this wehllng of niehioine eliminated the 
inec!innh*al rl'blK)n splice (see Fig 5) IdsiNiverv of air inlets 
at terminal entrames bi ought alMiiit a coirettion of heavy 
scaling pioblem A careful seal of all openings, electrical and 
optical, proved a leinedj 

A new^ trouble developed about :lO days after starting of 
luinaces, namel> th(‘ distortion and deteriiiratltm of the metul- 
lie frames. Tills liad lioeii anticipated and the subsequent 
elimination of the inefalUc frame and sulistitution of refrac- 
toi> Iiisnlatois, diiecilv into wall, as early as ()ctc»ber, 1917, 
lesultod Owing to tlie novelty ot furnace design and inex- 



FIO 9. PROiPOSEtD AND PBBSENT I^CATION OP 8 IN. 
JACKETS AND 3-IN. TUBES IN THE FURNACES 
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perlence of the greneral heat treating personnel on electric 
furnace resistance on so large a scale, practical application 
of this suggestion did not develop at this time. However, dis- 
tortion developed Into such serious proportions that the plug or 
wall Insulator was again given attention. and submitted to the 
Bureau of Ordnance which directed that the furnace be im- 
mediately equipqped with this Insulator, and now It Is possible 
to reduce the initial construction costs of electric furnaces for 
treating forgings 60 to 70 iper cent (see Fig. 6). 



FIG 10. OUBVKS OS’ DRAW IN PTTRNACEa NOB. 1 AND 4 
NOTE THAT CURVES CROSS DEiNOTINO DEFEiCT IN 
HEAT INSULATION OB’ FOBNACH NO. 1 


The innovation of electric furnace heat treating has proved, 
beyond contention that this method has done more than to 
compare favorably with the older oil and gas fuel methods 
The cost of power consumption as compared with that of fuel 
oil used in this plant for the heating medium— due to time 
factors and control of results possible with the electric fur- 
nace, and figured pound for pound raised to same temperature 
and held there — has been approximately 20 per cent lower. 

The series of tests referred to in the following remarks were 
conducted on the furnaces and were made to Investigate and 
check the furnaces while in actual full load operations, one 
against the other, to check efficiency of same and to see that 
specifications and guarantee of manufacturer had been met 
and further to effect proper certification of invoices covering 
final payment of same. 

Fig. 8 shows the time required to reach temperature for 3 
in. tubes, 4 In. Jackets and 4 in tubes. It should be noted that 
the actual charges heated average about 22,(X)0 pounds the 
weight in the sections varying widely, whereas the original 
estimates were based on charges of 10, (XX) pounds, approxi- 
mately uniformly distributed in the sections. 

The curves show that for 4 in. tubes, sections 1 and 8 reach 
temperatures on the surface in 4 hours, section 2 in 8% hours, 
section 4 in 4% hours, making an average of 4 hours. This 
is almost exactly the estimated time for this weight of charge, 
which is 4 0 hours for the charge to reach temperature 
throughout. 

Similarly for 4 in. Jackets the average time would be 4.2 
hours. The extreme time of 6 hours In section 4 being re- 
quired on account of the concentration of weight in the breech 
of Jacket, and also owing to the fact that the charge consists 
of only three pieces, presimtlng comparatively little surface 
through which heat can be absorbed. This is further em- 
phasized by the curve for 4 in. tubes, whldh, although being 
a heavier charge, are heated more quickly with less power, 
and with a very marked Increase in pounds per Kw.H. This 
is due to the greater surface presented by seven pieces. 

Fig 8 also shows the time required for a charge of 12-8 in. 
tubes. These tubes are practically the same size fo^ their en- 


tire length, but do not reach to section 4. They are supported 
by a heavy fixture in seetton No. 1. These omuUtloBS aee em* 
phastzed by the curves which gives 5V6 hours, 4 hours, sad 
2V6 hours for sections 1, 2, 8 and 4 respeetlTely. Thtdi tiid 
the curve for 8 In. Jadiets on n4xt kketeh repTSseat sxtxeaie 
conditions of unequal loading. These conditions ehn he largely 
overcome by lowering the diarges In the furnace. In order to 
put more work In the lower sections. This may be aocon* 
pushed by lengthening the suspending shafts five feet and the 
dotted corves on Fig. 8 show the estimated effect of such low- 
ering. Fig. 9 shows the present location of diarges In tiie 
furnace and the proposed location of 3 in. Jackets and 8 in. 
tubes, 5 feet lower In the furnaces. 

Fig. 10 shows curves of draw in furnaces No. 1 and No. 4. 
Note that these curves cross. This same phenomenon Is 
shown on Figs. 11 and 12 and is accounted for by a serious de- 
fect In the heat Insulation in furnace No. 1. 

Fig. 12 shows the minimum Input to the various fumaots 
liy section, which if added will give the radiation losses of 
each. 

A very marked improvement in the operating c}'cle was 
noted from this change of lowering charge in furnace both In 
time and Kw. H. consumption. 

The furnaces were gunranteefi to operate an economy of 
not less than eight pounds per Kw. H. The tests give 10.4 to 
1186 pounds per Kw. B.; depending on the distribution of 
charge in the sections, and the proportion of weight to sur- 
face in the pieces charged. The above is for 3 in. tubes, 4 in. 
tubes and 4 in. Jackets, the 3 in. Jackets representing such 
uu extreme condition of unequal loading that no comparison 
Is possible with the original estimate. 

In regard to the time of heating, it may be said that the 
conditions have been adequately met, as the estimate of time 
loiered one condition only, namely; uniform load In all sec- 
tions, and the furnaces did unquestionably meet this con- 
dltlon. 

The various test runs have been plotted against one an- 
other to make sure that the furnaces are duplicated Cut 
No 13 shows Kw. H. consumed in each scntlon for three hard- 



PIG. 11. CDMPAiRIBON OF INFUT FOB VARIOUS CHABOB8 


ening heats of 4 in. tubes, all these taken In different furnaces. 
Note the curves for furnaces No. 2 and No. 8 are exactly par- 
allel, but furnace No. 2 had not run quite so long as furnace 
No. 8 If the length of run bad been equal the carves would 
have been exactly superimposed. 

The run of Fiirnaoe No. 1, however, Shows a greater Kw. H. 
consumption and the curve Is not parallel to the other. This 
leads to the conduslon that there is a crack or other defect in 
heat insulation of furnace No. 1. This same peculiarity is 
shown on cuts 16 and 17, and also in the watt meter reading 
and temperature of casing in the test data, due to distortion 
of columns and dianads embedded into heat insulation. 
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BIJKTTRIC SPARKING IN MINES FROM LIGHTNING. 

By Gidobos S. Rice and L. C. Ilsuct, 

A BicMABKAfinB exs>logion of firedamp causod by a discharge 
of lightning at the new |||^ift at the Sltalpur coal mine, has 
been reported by the ChMt Inspector of Mines of India, who 
gave the following details: 

<*The explosion occurred during a thunderstorm, and the 
evidence showed that a flash of lightning had, to all apfpear* 
ances, passed down the shaft causing disruptive discharges 
at certain points between the guides and the winding rope, 
rending the latter at two places situated respectively 228 feel 
and 278 feet from the surface. The distance between the 
winding rope and the aide of the shaft was 5 feet 4 inches, In- 
dicating a spark gap of this width, and an Intensity of dis- 
charge which could not fall to Igtilte the explosive mixture 
of gas and air known to be present In the shaft '* 

The Compressed Atr Magazine, January, 1920 issue, which 
contained the above extract also goes on to state: 

‘Tn 1915, M Ferey described in a paper read before the 
Societe de Tlndustrle Mlnerule phenomena of a similar char- 
acter to the above. In a pit liable to sudden outbursts of gas, 
for the sake of safety, shot-firing was curried out from the 
surface. During a storm, in the year 1905, shots went off in 
two places after the detonators liud been connected to the con- 
ductors, we read In the Colliery Guardian, London. These 
shots were situated respectively 1,400 and 1,410 meters from 
the firing station. Realizing the possible danger from this 
cause, the precaution was taken to cut the conductors at the 
iMittoun of the shaft and to connect them just before firing 
Even under these conditions a shot went off spontaneously, 
owing, it is believed, to lightning” 

The Bureau of Mines, when It was Investigating shot-firing 
from the surface some years ago, found a number of cases 
where lightning had entered underground. In one case in a 
shallow mine In Pennsylvania lightning entered following the 
roots of a tree and caused the death of a man In the main 
entry. In another ense, in the Pratt City Mine which came 
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under the observation of the Chief Mining Engineer, lightning 
entering on shot-firing wires caused premature ignition and 
this led to the reconunendatlon of making a gap of about 5 
feet in the shot-firing line whitfii was not to be closed by the 
flexible cable until the men had all been withdrawn from the 
mine. 

Another case reported was that of a mine temporarily 
abandoned, belonging to the United States Coal and Coke 
Oocnpany at Qary^ West Virginia, where an explosion blew 
up following a flaOh of lightning which evidently entered the 
shaft and Ignited the firedamp. The Question of providing 


an arrangement to prevent lightning entering into mines Is a 
difilcult one, In mines where electric shot firing on an exten- 
sion 8c*ule is used. The ordinary types of lightning arresters 
are satisfactory protection against static electric currents 
produced by lightning dlscliurges, but if a “lightning bolt” 
actually hits the circuit, there is such an enormous amount 
of energy to be dissipated that the ordinary devices do not 
sulfice. 

Following out the same reasoning, a gup of sufficient length 



FIG 13 COMPAiRISON OF inJHNAjOBS WITH SAjME CHARGES 


to afford protection for static electric discharges resulting 
from electric storms would not necessarily be a proper protec- 
tion if the circuit were hit by a ^lightning bolt” 

There would seem to be need of still greater precautions 
than are suggested in the following paragraph from Technical 
Paper 108, Bureau of Mines • 

“A suitable gap may be provided by Inserting in each side of 
the circuit near the bottom of the shaft or the slope, or about 
too feet In by from the mouth of the drift, a flexible con- 
ductor about 6 feet long. Each of these conductors can be 
permanently joined to the end of one of the solid incoming 
conductors and the other end of each fioxlble conductor can 
be provided with a lug for fastening to one of a pair of screw 
studs in which the outcomlng solid conductors should termi- 
nate. A similar pair of dummy studs should be Installed 6 
feet distant from the live studs so as to provide a place for 
fastening the flexible conductors out of eJn^uit The dummy 
studs should he provided with a locked clamp or similar de- 
vice for locking the flexible conductors out of circuit” 

It might be feasible to so arrange a firing circuit that the 
Incoming lines could be connected to a high reslstanod ground 
at the same time a gap was made In the circuit Such a 
ground would tend to dissipate extraordinary discharges and 
to prevent such discharges from bridging or Jumping the gap 
In the firing lines. 

Again, It might be possible to so arrange the ground, the gap 
and the direction of the incoming and outgoing shot-firing lines 
with reference to the gap that the direction of the circuit to 
the ground Is a straight line, while the direction of the circuit 
through the outgoing lines trough the gap makes a right angle 
turn. Since lightning tends to follow straight lines this ar- 
rangement would probably be an added safeguard. 

Finally, care should be taken that all metallic circuits, such 
as pipe lines of other power circuits entering the mine, are 
kept at a proper distance from shot-firing lines in order that 
they shall not serve as possible paths for lightning discharge. 
If sudi precautions are not taken It Is conceivable that a light- 
ning discharge in a mine through a metallic circuit which is 
close to a shot-firing line may be partly discharged to the 
shot-firing lines at a point beyond the lightning gap.— U. S. 
Bureau of Mines, Reports of Investigations 


Geometrical Form of Rivers* 

New Light on the Design of Spur Dikes 

iX\ 


T he thwiry of the free flow of rivera in changing beds 
seems now fairly established, at least in regard to a few 
of Its parts. The shape of the bed is one of these In 
France this thetiry has received a decisive impulse through 
the work done by L Fargue, InapetMor CJenernl of Bridges and 
Highways, at the beginning of the last quarter of the 20th 
century. It is true that even before that time the Influence 
exerted by the shape of the bed, both In plan and In profile, 
on its depth had been recognized But it is Impossible to find 
in what had previously been published a general theory for 
the determination of the best design, 

Mr, Fargue’s work has been carried on by many other 
engineers, of which we shall only name Mr Girardon, whose 
report, presented In 1804 before the Navigation Congress at 
the Hague, marks a decisive step forward In the solution of 
tlie problem. This leiwrt shows in what measure it Is pos- 
sible to apply In practice Mr Fnrgue’s theory to water streams, 
as they occur In nature. 

All those iu\estlgatlons lm\o led to the fixing of a standard 
limit-form \^hich riveis with changing beds must approach as 
closely us posslhlo in order to possess stahlllly, navigable 
depth and to be able to take care of floods These conditions 
are by no means irreconcilable. The first to he considered is 
stablUty, without which the others could not obtain. The fol- 
lowing gi\eH the definition of this standard type, in geomet- 
rical form, as it were 

In the accompanying dlagiam Fig 1. the contour lines* at 
the low water bank, marked elevation 0, follow c'ontInuouH 
curves resembling the 8inc Curve At one and the same bunk 
they change from concave to convex, and vice versa, the op- 
posite bank going through the same changes in reverse se- 
quence, for the same cross sections taken at right angles to 
the cimter line of the channel. The distance between the two 
curves undergoes a slight periodical variation They diverge 
from the point of inflection toward the apex The distance 
between them further Increases continuously, in a still lesser 
degree, us they proc<*ed down stream 
These lines are thi‘ directrices of, so to spinik, ruled sur- 
faces, whose generating lines, at nglit angle to the directrices, 
flatten out more and more us they approach the apice.s of the 
convexities, and on the other liand l)ecome more erect betwwn 
the points ot inflecthm and the apices of the concavities 
The curved line of intersection of these two surfaces, each 
belonging to one of the bunks, is the center line of the chan- 
nel In i»lan this curve clivirlj runs close to the concavities 
and crosses the center line between low water banks, passing 
from one to the other. 

The contour lines, or lines of surface fllamenhs thus gen- 
erated, also resemble the SIiu* Curve and are similar to the 
directrices taken at the low' water hanks In horizontal pro- 
jection they converge at the concave banks and diverge at 
the convex banks. Lines of same elevation on each bank 
converge, the more closely the lower this elevation. Near the 
jHilnt of inflection they come In conta<*t at the center line of 
the bed The curves of lower elevation than the contact lines 
close and form crescent shaj^ed pockets at the concavities. 

Above the directrices chosen (low water banks) tlie generat- 
ing lines Increase in length by an Increment continuously de- 
creasing as one pro<*eeds from the convex to the concave apex 
The locus of the extreme end of these generating lines Is the 
foot of tho river bank, ooiiHlstlng of a rather steep slope which 
limits the river bed, generally in a firmer part of the soil. Pro- 
ceeding from a convexity to a concavity this slope — one bank 
only being considered at a time — converges toward the direc- 
trix, and its height may vary between the extreme limits of 

^Upon B Hufflclently reduced length, three two kinds of carves, 
which afiffer In principle, because of the slope, practically merge. 


zero to the height of the valley level above the low water bank. 
The slopes of the two opposite banks run gradually farther 
apart as one proceeds from the points of inflection toward the 
apices, for the reason that the width gained at the convex 
bank Is greater than the width lost on the concave side. 

Mr. Fargue In his two essays published In the Annales des 
Fonts et Chausse^s^ has Indicated the numeric proportions 
which these elements must satisfy in order to produce best 
results. In first place they establish the relation of the width 
at the points of Inflection to tho width at the apices, and of 
these widths to the distance from points of Inflection to the 
apices, and Anally, of those distances to the angles enclosed 
between the tangents at two consecutive points of Inflection. 
It is needless to giv^e here all those data Suffice to say that 
they have been computed, that they are theoretically Inter- 
esting ami that It w'ould be worth while to confirm them by 
calculations based on the principles of hydraulics. For Mr. 
Fargue has deduced them from observations only, and these 
have been limited In number They are, however, sufficient 
to establish the fact that there is an Ideal best type, and fur- 
ther to establish the general aspect of this type. 

It would be difficult to recognize In this geometric picture 
a river In Its natural or even considerably regulated state 
The resemblance is about as close as that of a mountain peak 
and a pyramid or a cone This, however, is the inevitable 
shortcoming of any attempt to represent by means of geometry 
or cnileiilatlon objects and phenomena as they occur In na- 
ture Nevertheless, In many cases even such impertcct repre- 
sentations are useful The conception of a standard type, 
geometrically defined, may servo as a guide for the regulation 
ot a river, although the latter could never be made to re- 
semble it very closly. 

In fact If we examine the various regulation systems pro- 
posed or exeiiited since the above theory was formulated, we 
shall find that all of tlicin, linpllclly or explicitly, are nothing 
more than tho applH*atlon of tho appropriate means to make the 
stream under consideration resemble ns closely as possible 
the standard typo, as seen by tho designer However, as It 
is Impossible in the majorll.v of the enses to obtain this result 
D)r the whole of the river, tho rogulatloii is attompteil In sec- 
tions only and often llmileci to the crossings at the points of 
inflootion One of the main points of Mr Girurdon’s report 
Is precisely the stating of tills \er.v fact 

The means of attaining iho desired form are many Mr. 
Fargue seems to admit that by fixing the banks, especially the 
concave bank, uccordfng to an appropriate design, the standard 
form will automatlc^ally be realized. He supports this state- 
ment with favorable examples, but we believe these to be 
due to fortunate circumstances, first among these the fact that 
the course of tho center line, In plan, vanes little from the 
theoretical course, especially so in regaxd to the distances 
between apices of the curves and their relation to the angles 
tliey enclose. When, as this is the case for the Seine River, 
these distances are excessive and Include long straight align- 
ments their design presents ^cullar problems and the con- 
struction of high dikes is not sufficient for their regulation^ 
except where u narrowing of the bed is useful. 

Some time the directrix (line of the low water bank) or 
a neighboring water line Is fixed instead of the high river 
bank. This is the system of the low training dikes. 

High dikes and low dikes used separately having sometimes 
proved insufficient, they have been combined, fixing the form 
of the bed by two direc'trlces on each bank. 

Again, along another line of thought, generating lines of 

^Fasc. 11, 1003 ; Form of the Bed of Navigable Rivers, and fase. 
HI, 1907; Equatlona of the Empirical Laws of Fluvial Hydraolica 
(both in French). 
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Ut0 utAhOarO liave been fixed instead of directrices. This 
Is the Astern <!^ the dipping spur dikes, submerged dikes, etc, 
as apirtied on the RhOne Riv^r. 

Both systems, longitudinal and cross dikes, have been com- 
bined In various ways on the Rhfino and later on' the Ix>lre. 
On the RhOne T-shaped dikes have been built which are ele- 
' ments of generating lines combined with elen^ents of low 
directrices. On the Seine spur dikes were attached to high 
‘ dikes, or a high dike was connected to a low dike by a few 
cross dikes. In short parts of the two groups which we Just 
have outlined were fixed in a haphazard way, without a well 
defined plan and therefore without the necessary elements 
of success. 

Approached with this broader view, the stddy of the regu- 
lation opens a vista on new variations. 

Why limit to two the number of dikes, high dike and low 
dike (Fig. 2) and thus substitute for the normally gentle 
slope of the convex bank two very high steps? Would it not 
he more natural to multiply the number of steps and follow 


closely as possible the standard form and arranged in such a 
way as to fill out with silt deposits following this form, and to 
reduce the necessary construction work to a minimum. 


RESISTANCE TO DECAY NOW A FACTOR IN CHOICE 
OP AIRPLANE WOOD. 

Aibpianph in the past have been so short-lived that it has 
mattered little whether the wood in them waa resistant to 
decay or not. Now with better construction and less accidental 
breakage of airplane parts, instances are coming to the at- 
tention of the Forest Products Tjaboratory of parts needing 
replacfMucnt because of decay 

The fact Is being recognized that many woods in common 
use for airplanes are not resistant to decay and may be de- 
stroyed ver>* rapidly when exposed to unfavorable weather 
conditioniR 

Fortunatelj, there arc woods whose value In aircraft has 
been denionstratcil which are highly durable Among these 
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intiro closely the straight course of the generating line‘s When* 
conditions favor the formation of de^wMlts buck of each ele 
mentary dike this system has the advantage of great saving 
In material (Fig. 8). Dikes arranged in smeessive steps 
would follow the horizontal projection (»f the stieam lines 
They W'ould have their maximum spacing nt llie apex of the 
convexities and converge gradually so as to unite in one single 
dike at the apex of the concavities. The banks would be as- 
cended in steps like stairs in a house. 

Nothing would prevent the crossing of the longitudinal 
dikes by cross dikes dropping from the elevation of one to 
that of another and being arranged like cross hatching on a 
topographical map between contour lines. 

The numiber of possible comlbinations is unlimited Once the 
principle from which they are derived is well understood they 
present themselves to the imagination. Therefore we shall, 
In conclusion, only Insist on this principle. Properly to de- 
sign the regulation of a portion of a river it is well to have 
in mind the scheme of the normal shape of its bed and its 
decomposition Into curved directrices and straight generating 
lines. The regulation will consist In the creation of a skeleton 
made up of directrices and generating JInos, resembling as 


perhaps tin* most notable is Port Orford cedar Two others 
whnli In tt*sts made by the lainuatory have prove<i very re- 
sistant 1o <ii*cay are Honthern cyiiri^ws and California redwood. 
Douglas lir, white oak, and black walnut stand fairly high in 
durability Mahogany and SpapLsh cetlar are reputed to be 
very durable, but no tests have bwm made on tfliem In the 
UnItiKl Slates. Spruce, which has been the favorite wood for 
aircraft. Is, unfortunately, appreciably h*ss diimble than any 
of tie sixHit*s mentioned. Likewise laissw<M)d, beech, birch, 
and maple may be classed with the less durable siKHries. 

The sap wood of practically all species decays readily. 
Hence in selecting wood for durability, only the heartwood 
should he accepted. 

In cases wliert' It Is not practicable to use a naturally dura- 
ble wood, the life of the wood part imaj bo prolonged by giving 
it a preservative treatment Sodium fluoride is a preservative 
which may be successfully used on parts that are to be glued. 
Coal-tar creosote, where Its color and odor would not bo ob- 
jectionable, may be used for parts that are not to be glued. 
Decoy in struts, propellers and some other large members can 
be preventeil by applying a coating of alu|nlnum leaf. This 
keeps the wood dry and dry wood does not decay. 






TIl«)t>LBY KOK rONVEYINU X>MMOnNTAFlEE BODY TO A TRU<'K I'HASSIS (liEFT) AND REMOVIXO THE BODY l-TtOlM 

THE TOUOK (HllUIT) 


Motorizing Railroad Terminals* 

The Use of Motor Trucks to Release Box Cars Held Up at Freight Yards 

By B. F. Fitch 


F OK yearn trucks ha\e been proven valuable transporta- 
tion raedlumSf but their adoption and seientitlc o^ierotion 
has lieen ijfnored by railroads whose business was prl- 
iimrily transportation This was possibly due to the fear of 
c*orut)eting service similar to the old theory a couple of 
decades ago that Interurbau llnev would detract from i ail- 
road earnings 

The ingredients to be considered In transportation cost es 
tlmates are tons, miles and minutes, and, generally 
the greater number of tons and miles, crowded into the small- 
est number of minutes, the lower the transportation cost 
Every unit of transportation from wheel-barrows to gon- 
dolas is valuable when allotted exclusively to the service it 
is best fitted to discharge. A team can successfully haul 76 
ton-miles and u motor truck 5U0 ton-miles in a teu-hour work- 
ing day. Compare this with railroad performance In which 
the average box car movement is but 25 miles per day. If 
loaded with merchandise to hut a ten-ton average, it dis- 
(*harges but 225 ton-miles in u 24-hour day It is therefore, 
obvious that box cars suffer a handicap 

Freight house operating practice demands that box cars 
lie Idle ten hours a day. If utilized exclusively for transpor- 
tation and kept continuously moving for the remaining fourteen 
hemrs, even at an average speed of but twenty miles per hour 
with ten-ton loads, the i>otentlal possibility of each freight car 
is 2,800 lon-milea dally. 

There is practically no limit to what the rails will ca^ry, If 
cars, when consolidated in trains, are at once started and kept 
it>ntinuously moving; therefore, It Is logical to charge inade- 
quate terminal facilities with the major portion of the box 
oar's tonnage deficiencies Inadequate terminals alone are 
not responsible for this nor can either the railroads or the 
public be censured for illegitimately using box cars in lieu 
of other facilities for short term storage. These are Influ- 
ences detrimental to box car efficiency, but without terminals, 
necessary evils. 

•Paper read at the conveottm of the SfaterUls Handling Machinery 
Maoirfaoturera' daaoolatlon, Smr York, Feb. 20, 1020 


The prime trouble is that, as an operating necessity, in 
absence of other facilities, box ears have been assigned to u 
service for which they were never originally Intended, and this 
make-shift usage has complicated switching Interchanges at 
all terminal ipolnts to the detriiment of high (mileage efficiency 
of all cars. 

Our national transportation practice and trade influences 
nt the traffic do not permit of any radical terminal changes. 
Any revolutionary attempts along this line mdght embarrass 
cmr productl<>n resonreos as greatly as a change In the mone- 
tary basis. Tiierefore, evolutionary Improvements only can 
be considered. 

Heflnements of present rail practice and additional faclll 
ties will occur, but rail transportation cannot be greatly im- 
proved because locomotives are no# practically up to the 
safety limits of rails and bridges and without Increasing 
weight of locomotives, draw bar efficiency cannot be In- 
creased, and without an Increase In draw bar efficiency trans- 
portation costs cannot be lowered. Thus, obviously the field 
for improvement is terminals. 

To demonstrate the fact that railroad transportation has 
outgrown railroad terminals, It is Interesting to note that 
from outer classification yards to pier station delivery at 
New York the cost to carrier Is not less than |3.50 per ton 
and, similarly, at Philadelphia not less than |2.60 pee ton, 
or a joint terminal cost of $6 per ton. Whereas, the main 
line haul between these two terminals, If estimated at a 
maximum cost of 6 mills per ton-mile, suggests a transporta- 
tion cost of 80 cents versus terminal costs of $6. Chicago Is 
no better off than Philadelphia and the haul Is about ten times 
as long ; hence, Joint terminal cost is as great as the transpor- 
tation or rail haul cost from Chicago to New York. 

After five years of terminal studied, inspecting innumerable 
stations built over fifty years ago which are still the Intakes 
and outlets of our great transportation systems, using the rec- 
ognized best equipment in the world, no wonder the subject 
of terminals is a topic of nation-wide discussion and, natnrally, 
all with creative brains are offering solutions. 
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Wltti uaUailted flnaadal resources the engineering talent 
of thl« country can quickly solve the problem. Ideal joint 
tnrmlnals at a cost of $60,000,000 to $500,000,000 are possible 
in all of our principal centers, but present chaotic conditions 
considered who will assume the responsibility of such abnor- 
mal financing? Bven If offered opi>ortunity to avail themselves 
of such Bie railroads would have to scrap present huge In- 
vestments and the scrapping of these investments at any Indus- 
trial center will disrupt realty values possibly to financial 
ruin of Innumerable manufacturing plants built in suburban 
localities on the theory that the Inducement which warranted 
the building would afford perpetual service. 

For this reason each present terminal layout must Iw con- 
tinued substantially as at present Conservatism recommends 
no radical changes, but demands revolutionary changes to 
better conditions for both carriers and shippers. 

Every city In the country has Its labyrinth of rails, team 
tracks, private sidings, obsolete main freight stations and sub- 
stations, between all of which box cars are shuffled or switched 
around, like cards in a solitaire deck, In the performance of a 
duty fot which the cars were never designed. 

The Innumerable switch cut movements of such cars con- 
fiscates capacity of the rails and the coat of handling these 
cars over rails, to detriment of through traffic, is primarily re- 
sponsible for excessive terminal expense 

If all the large dtles In the country could be furnished with 
Ideal sdentlflcally designed and mechanically operated 
freight houses, there is no question of accruing economies both 
In terminal practice and transportation costs, because the rail- 
roads then would enjoy a one point make-up and a one point 
break of all freight cars. The result would be loading of 
cars to weight or displacement capacity for uninterrupted 
direct movement to other terminals. This consolidated load- 
ing would naturally decrease the number of cars now dis- 
patched from a plurality of stations within any one city to 
the existing plurality of stations in all other cities 



DXOCOUNTABLB BODIBg BBINO LOADBO AT THE PEBWHT 
HOUBB OF TETB tOUlSVlLLB ft NiABHiVlliLB BAIIBOAD 
AT CTNCINNATI 


Despite this opportunity, even If attainable, the industrial 
trap car and the intro-terminal trap car will apparently al- 
ways complicate terminal Interchanges to detriment of switch- 
ing refinements. Terminal operating economies will be In di- 
rect ratio with the decrease In the number of Interchange 
switching combinations. So apparently new freight stations 
at hnge investment are no guarantee of great reductions in 
terminal expense, because freight station labor cost is but 
ft small Item as compared with total terminal expense. 

Betwen all the widely distributed freight houses of the 
varibus railroads in each and every 'terminal, box cars are 
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used in transfer or connecting line service. When so used, 
they are in various sections termed “trap,” “transfer'* or 
"ferry” cars. For Instance, In any city with seven non-com- 
peting railroads radiating to difiTerent sections, each line re- 
ceives dully in its dty cars some freight for each of the city 
connections. Numerically this means 42 cars in transit to and 
42 cars in transit from, a total of 84 cars. But dne to yard 
Interchange delays these cars average a third day arrival 
instead of a second day arrival; hence, 252 cars are assigned 
dally to such service. Thus 76,600 car days are required an- 
nually. 

Industrial expansion at any city with seven initial lines. 



SUB-STATION OP TRB DAIffllMP UB & OHIO BAIUtOAD, 
CINCINNATI, SHiOWlNO DUMOUNTABLB BODIBB BBING 
LOADED AND UNIjOADBD 


has, as a rule, outgrown station facilities and railroads for 
economy’s sake have strategically established sub-stations 
.ilong their rlghts-or-wiiy as traffic Influences for shipments 
from outlying districts. Since all the freight from these 
outlying districts has to be brought to main stations to be 
coDsuliduted In oars for dispatch from such main stations 
to destination points, and since all of the freight for these sub- 
stations comes out of main station cars on arrival, trap cars 
are nocessary In this main sub-station service of each line. 
The nuralier of cars so used Is u multiple of stations If, as 
above stated, each of the seven lines has three stations, 42 
cars are required, movement delays to which are ns great 
us connecting line cars; therefore, tho wasting of an addi- 
tional 27,8U0 car days. This explains one of the reasons for 
car shortage and an upiTntlng abuse which has been obsoleted 
hy the success of a motor terminals installation at Cincinnati, 
Ohio 

Briefly, this installation consists of overhead rails, electric 
cranes, electric hoists, motor trucks and a plurality of inter- 
chungeahie motor truck bodies. The system of operation re- 
quires an empty body for each station movement demand of . 
railroad on Its inbound main station platform. At the larger 
stations tfliere are several locations for such body settings, 
theieby decreasing the tracking distance for freight As 
the Height comes from the cars, It Is trucked to the nearest lo- 
cation containing a body carded for any connection or any 
sub-station. 

When loaded, those bodies are sealed and under telephone 
order of a Joint dispatcher, employed by the railroads, me- 
chanically loaded upon trucks and thus routed over city’s 
streets to connection. 

On arrival at outbound platform of the connecting line, the 
body is mechanically removed and an empty body, prevtouBly 
unloaded, is similarly put upon motor truck chassis for de- 
livery to Inbound platform of that house, where the opera- 
tion Is repeated and another loaded body forwarded in the 
same manner to some other freight house. 

It the load happens to be to a sub-station, it remains on 
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platform until dispatcher is advised by agent at sub^station 
that return load Is available. Then the loaded body of in^ 
bound freight to that substation is forwarded and the motor 
truck exchanges same for the previously reported load of 
outbound freight to be delivered at main station, where it is 
consolidated with other city freight in line cars made up 
dally to Innumerable other dostinatlon points. ^ 

f'rom the above it is evident that all freight, except possibly 
the portion arriving during the last hour of station operating 
day, whether between main and sub-stations or between main 
stations of the various railroads, is currently loaded and^out 
of the terminal. Previously this freight by trap cars suffere<l 
an average three days* delay and the shuttle movement of 
these Individual cars over terminal rails Interfered with the 
group movement of complete cuts of station cars. Hence, the 
congestion which previously made Cincinnati notorious as a 
check-valve in rail routings. 

In May, 1017, the Big Four Railroad permitted a test instal- 
lation between its five main and sub-stations. The innovation 
was an early success, but the other roads were skeptical of its 
enduring efficiency. In the early months of 1918 a special 
committee was appointed to analyze the entire terminal and, 
based upon Big Four accomplishments, recommend what econ- 
omies and benefits could be anticipated from completely mo- 
torizing Cincinnati’s terminal. 

The summary of this comparative report prophesied the fol- 
lowing, and as a result contracts were negotiated; 

Annual economy, $61,662.06; 

Advance movement of freight 52.4 hours; 

Increase inbound platform fioor area 14 8 per cent, 

Increase outl)ound platform fioor area In ratio v>ith station 
operation ; 

Increase main station trackage 21.4 per cent, 

Increase main station realty 122,660 .square feet; 

Release 66,862.6 cars for line service per annum. 

Extension of present labor, 30.4 per cent; 

Eliminating the rehandling of 86,076 tons of freight, lessens 
railroads' liability of loss and damage 
In 1019 equipment orders were entered and railroads com- 
menced station changes and superstructure construction. The 
terminal is not fully equipped, for both the railroads and 
the Oincinnatl Motor Terminals Company which is operating 
this equipment on contract basis for the railroads, has suf- 
fered exasperating delays. However, in recent analyses of ac- 
complishments It is proven that, owing to increased operating 
costs of railroads the prophesied 17.1 cents per ton ecimoiny is 
in practice actually a saving of 35.2 cents per ton, making 
the annual economies $126,507.76 instead of $61,652 46. 

This service has proven that all widely distributed station 
facilities can be laced up as a unit without Imestmont cost 
to the railroads, thereby giving to each and every terminal 
the benefits of a union freight station. The rates paid for the 
service are less than what interest charges alone ^vould be 
on the cost of constructing a consolidated terminal. The op- 
erating program of railroads and the esbibllshed perquisites 
of shippers are in no wise disturbed, but the railroads at large 
through the Influence of this cuiTent versus their past Inter- 
rupted movements enjoy an Increase of terminal rail, station 
rail, and station platform facilities. This Incronso can lie 
perpetually extended ut minimum investment, in ratio with 
increasing tonnage demands, which naturally will accrue nt 
any industrial city enjoying better shipping facilities. 

Extensions are now posslblo In the form of rail BUb-6tntion«i 
or off-track w^arehouso sub-stations by this system, and con 
be gradually provided when tonnage demands warrant. There 
is no necessity to finance elnt>orate facilities to take care of 
accruing demands which may not develop for fifty years. 

What has been done at Cincinnati can be adapted to the 
varying demands of all principal terminal cities. In some the 
connecting lino trap <*ar predominates as the greatest detri- 
ment to successful terminal operation; In others the sub- 
sffttlon trap car. 


The flexible possibilities of trucks are now dearly ^hftned 
for Industries whose transportatloni faculties are dependent 
upon rail extensions. Opportunities at each point are limited 
only to intelligent installations following detail analysis to 
establish the greatest terminal deficiencies of carrier to meet 
shipping demands of the public. ' 

Acomplisbments at Cincinnati warrant idealistic theories of 
the system as applied to the greatest terminal problem in the 
world. New York Is that problem, for as the established 
principal port of this country, our industrial expansion Is 
restricted hy New York's lack of port facilities, unless, as will 
ultimately happen, the nation at large refuses longer to suffer 
by reason of New York's conservatism and creates other 
trans-shipments ports. 

At present the railroads monopolize approximately 30 per 
cent of Manhattan’s piers for freight stations. To expand the 
port these piers are indispensable for coastwise and overseas 
steamers. Where not individually owned, the rental value of 
piers is out of all proportion with freight tariff returns. 

A few blocks inland, realty enjoys but a fraettoa of bulk- 
head rental values. If Inland Joint stations in say 12 zones 
were constructed on this otherwise comparatively non-pro- 
ductive realty, the railroad piers could be released for shipping 
and station facilities be attained by the railroads at practically 
no cost, because of increased rentals possible from warehouses 
and industrial floors above Joint, freight terminals. 

If all roads contributing this terminal had transfer stations 
at their rail bulkheads or a few blocks back from the Jersey, 
Staten Island and Bronx valuable waterfront, carload and less 
carload package freight could be immediately transferred from 
cars to motor truck bodies, which would bo designated for 
each of these Inland stations, and the freight cars thereby 
released for immediate reloading of outbound freight Tho 
number of bodies assigned each zone station would be sufil- 
clent to meet tbo tonnage demands. 

These bodies when loaded on trucks, would be routed over 
streets to nearest available Staten Island or Jersey slip for 
ferrying to Manhattan slip nearest inland station destination 
and vice versa on return movement. Until tliey were proven 
inadequate, public ferries could be used. 

If we add to the generally admitted $3.60 terminal cost to 
carriers the established minimum cartage cost of $2.50 per 
ton to shippers, the Joint terminal cost at New York Is $6.00. 
Under normal conditions approximately 30,000 tons daily 
moves from State Island and Jersey to Manhattan and 20,000 
tons dally from Manhattan to Staten Island and Jersey on out- 
bound movement, a total of 50,000 tons dally, which ut the 
above cited $600 joint cost Is an item of $300,000 per day. 

For the railroads alone at Cincinnati the interchange is 
furnished by the Cinclnnaii Motor Terminals Company be- 
tween stations within u ten-mile zone at rates averaging less 
than $1.00 per ton. The minimum is 80 cents and the maxi- 
mum $1.25. If trucks moved by short ferry routes (at no op- 
erating cost in ferry transit other than ferry tariffs) no hauls 
from rail bulkhead transfer platforms to Inland stations could 
exceed ten miles. 

It is impossible to prophesy what rotes for this Interchange 
can be established, but they would certainly not be over $2.00 
per ton. Owing to the short haul afforded shippers by these 
inland stations and the unlimited tail gate space, which they 
would enjoy at such, the cost to shippers could not avei*age 
over $1.00 per ton. Hence it is logical to infer a joint net 
saving of ^.00 per ton Is possible for 50,000 tons daily, an 
annual item of $46,000,000. No W’onder the high cost of living 
on Manhattan I But one year’s savings ^vlU more than cover 
the entire necessary outlay If the cost of inland stations is 
not considered. 

The Inland station investment is a realty venture requiring 
no financing on the part of the railroads, because assured 
rental returns from upper stories will tnvite outside capital 
to furnish the station facilities in ever increasing numbers 
as fast as the railroads desire to contract for the use of such. 



The Last Stand of the Reciprocating Steam Engine* 

Startling Picture of the Inefficiency of the Steam Locomotive 

By A. H. Armstrong 


D uring the year 1020 tlie people of (he United States 
will pay out for automobiles, not coinmerclal trucks nor 
farm tractors, but pleasure vehicles, a sum of money 
considerably greater than the estimated requirements of our 
steam railways for that year. The railways, however, may 
And it very dllhcult and x>erhaps impossible to secure the large 
sums needed without government aid, notwithstanding the fact 
that the continued operation and expansion of our roads is of 
vital necessity to the welfare and prosperity of the country and 
all its Industries. The will of tlie American public has al- 
ways been constructive and undoubtedly, In due time, its voice 
will be heard and properly Interpreted by its toprosenlutives 
In Wasftilngton with the resulting enactment of such laws as 
will permit our railways again to offer an attractive field for 
the investment of private capital. i 

The purpose of this paper is not to discuss the politics of 
the situation nor any necessary increase in freight rates that 
may be required to make our roads self-sustaining, but rather 
to offer certain suggestions as to the beat manner of spending 
the sums that must ultimately be provided for new construc- 
tion and replacements. 

During the war period many lessons have been most clearly 
brought home to us and not the least of these is that there 
la something inherently wrong with our steam railroads Dur- 
ing the three generations of Its development, we have become 
accustomed to look upon the steam engine as properly belong- 
ing to the railway picture and have given little thought to its 
wastefulness and limitations. It Is around the steam locomo- 
tive that railway practice of today has gradually crystallized 
During the winter of 1917-18 our railways fell down badly 
when the need for them was the greatest in their history It 
Is true that the cold weather conditions were unprecedented 
and the volume of traffic abnormal, but tlie weaknesses of 
steam engine haulage were disclosed in a most startling and 
disastrous manner. Delayed passenger trains In <*old weather 
can bo endured by the traveling public In suffering silence 
or voluble expression, according to temperament; but the 
blocking of our trucks with frozen engines and trains, result- 
ing in a serious reduction of tonnage in cold weather and a 
prolilblllve delay in transportation of freight in times of 
great stress, Is quite another thing and plainly indicates the 
inability of the steam engine to meet oveiloiwls and adverse 
climatic conditions. 

In marked contrast to the adjoining steam engine divisions, 
the 440-mlle electrified section of the Chicago, Milwaukee and 
St, Paul Hallway continued to do business as usual all through 
that trying winter of 1917-18. The electric locomotives brought 
botfh freight and passenger trains over the electrified tracks 
in schedule time or better; In fact, It was quite customary 
to make up on the 440-mile electric run fully two hours of 
the time lost by passenger trains on adjoining steam engine 
divisions. While the results obtained upon the Chicago, Mil- 
waukee & St Paul were perhaps nv>re spectacular due to the 
greater mileage electrically equipped, other electrified roads 
contributed similarly attractive records. The reliability and 
permanency of the comparison between steam and electric 
locomotive haulage Is sufficiently guaranteed, therefore, by the 
results of several years’ operation, to Justify drawing cer- 
tain conduslons regarding the merits of the two types of 
motive power. The following analysis of the railway situation 
is therefore offered for the purpose of exposing the fact that 
railroading today is in reality steam engine railroading and 
the general Introduction of the electric loco motive will permit 
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of fundumeutul and far reaching changes in the method and 
cost of hauling freight and imssenger tratas 
The writer is not proiK>siug the immediate electrification of 
all the railways In the United States, as many roads of lean 
tonnuge would render no adequate return upon the large 
cupitul Investment re<iuirod, but is offering the following 
table of total oiH»niting stiiti sties sLinidy as a measure of the 
mugultude of the )>roblem confronting us In the future In 
this country It should be noted, however, that we have during 
the past thirty years installed electric power stations equal 
to twh*e the estimated capacity required for the electrical 
operation of every mile of our tracks today. 


TABLL 1 — TOTAL TON-MILK MO\FMhNT All. KAU WAYS IN UNiTJCD 

BTArKb — YLVK 1918, 



IVr Cent 

Ton Miles 

1— “ Miscfllanuous, cars and contents 

2 — Revenue coal cars and contents 

.1— -Lot omotive revenue, driver wt only 

4 — Passenger cars, all dashes 

42 i 

16 23 
10^0 

10 13 

:ii5, 000,000,000 
] 97,000,000.000 

132.300.000. 000 

196.000. 000.000 

Total res enue, freight and passenger 

S5 50 

1.040.300.000.000 

5 — Railway coal 

6— ‘Tenders, all classes 

7 — Locomotive railway coal 

8 — Locomotive, non-dnvmg wt 

3 00 

0 50 

1 0 39 

2 55 

60,600,000,000 

78.800.000. 000 
4,700,000,000 

31.000. 000.000 

Total non-revenue 

14.44 

176,100,000,000 

GRAND TOTAL (AH classes) 

100 

l7/l5,40b,'(i()O.00O ' 


Tlie tonijugc passing over the tracks of our railways may 
be subdivided in a most interesting manner as idiown In Table 
I. The first four Items, representing 85.50 per cent of the 
total ton-miles made during the year 1918, may be regarded as 
fundamentally common to both steam and electric ofieratlon. 
By Introducing the electric locomotive, however, the last four 
items are reduc'cd to Ute extent of completely eliminating items 
(0) and (7), reducing Item (.5) by possibly 80 per cent and 
Item (8) by one-half. Of the total of 14.44 per cent affected, 
iheicforc, It may be assumed for puri>oses of comparison that 
approximately 12 ijop cent or 1 40,OOO,(X)O,<XX) ton-miles at pres- 
ent hauled by steam engines over our roads will be totally 
eliminated with elecfric l<K*omotilvo haulage This ton-mlle- 
uge elitninated Is equal to over 20 per cent of Hems (1) and 
(2) representing the revenue i^roduclng freight traffic on our 
railways. In other words, If all our railways were winpletely 
eleclnfled they could carry one-fifth more revenue proiluclng 
freight tonnage with no change in present operating expenses 
or track congestion. 

It IS evident that the greater part of the tonnage reduction 
effected by electnflcullon la Included in Items (6) and (6), 
representing the railway coal movement in cars and engine 
tenders. The steam engine tender will of course entirely dis- 
appear, while the railway coal haulage will be largely cur- 
tailed by utilization of water as a source of power and the 
establishment of steam power houses us near the coal mines as 
an abundant supply of good LHindenslng water and load de- 
mand will permit. While water power should bo utilized to 
the fullest economical extent, the greater portion of the 
railway power must undoubtedly be supplied by coal, due to 
the unequal geographical distribution of water power available. 

Even with coal as the source of power, it may not be fully 
appreciated Just bow enormous Is the saving made by burn- 
ing fuel In large modem power stations under the most efficient 
oonditiona possible, instead of under the boilers of 03,000 en- 
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ginos wlilch by neoessity must be designed and operated for 
service rather than for fuel economy. During the year 1918 
the fuel used by railways iif reported to be as Shown in 
Table II, 

TABLE II — ^RAILWAY VUEL 1918. 

Total cool production (all grades) 678,211,000 tons 


Used by steam railways 16S,(X)0,(XX) tons 

Percentage of total 24 per cent 

Total oil marketed in U. S 855,027,000 bbl. 

Used by steam railways 45,700,000 bbl. 

Percentage of total 68 per cent 

Goal equivalent of o41 at 3^ bbl 18,<XX),000 tons 

Total equivalent railway coal 176,000,000 tons 


A quarter of all the coal mined In the United States is 
consumed on our railways and the following analysis will 
point out son>e features of this extreme wastefulness which 
are Inseparable from steam engine operation. 

During the year 1910, exhaustive tests were made upon the 
Rocky Mountain Division of the O., M A St P. By. to deter- 
mine the relation existing between the horse-power-hours 
work done in moving trains and the coal and water consumed 
on the steam engines In service. Table III gives the results 
of these tests: 

TABLE in — C , M & BT. P, BY I BOCKY MOUNTAIN DIVISION. 

COAL AND WATER USED. 



WMer 

per 

H p -hr. 

Water 

per 

Lb Coal 

Coal 

per 

Three Forks- Piedmont 

39 6 

5 08 

7.75 

Piedmon t- Donald 

35 4 

4 70 

7.54 

Deer Lodge-Butte 

39.7 

4.85 

8 31 

Butte- Donald 

40.4 

4.86 

8.74 

Harlowton-Janny 

38 0 

4.09 

8.90 

Janny-Summit 

44.2 

4 65 

9.48 

Three Porks-Piedmont 

41.4 

6 51 

6 37 

Pied mont- Donald 

40 2 

5 63 

5 78 

Average of eight tests 

39.86 

6,04“ 

7.86 


The records were obtained during the portion of tlie runs 
that the engines were doing useful work In overcoming train 
and grade resistance, that is, all standby losses were ex- 
cluded. The through run, however, included such losses In 
the magnitude shown In Table IV : 

TABLE IV — STANDBY LOSSES. 

Coal per hour 

Fire banked In roundhouse . .. 150 lb. 

Gleaning fires for starting 800 lb 

Coasting down grade ... .. ..950 1b. 

Standing on passing track 5(X) lb 

Adding standby losses to the average of 7 86 lb. per bp -hr. 
obtained in the preceding eight tests, the total actual coal 
consumed under the, engine boiler in twenty -four hours divided 
by the actual work performed by the engine Is found to be 
10.18 lb. per h.p.-hr, at the driver rims. 

As the result of this particular series of tests It was deter- 
mined that the coal consumed while doing useful work was 
raised 30 per cent by standby losses. It should be appreciated 
in thli' connection moreover that this value was obtained on 
through runs with no yard switching service or adverse ell* 
malic conditions. It may be concluded therefore, that under 
nil conditions of service fully one-third the coal burned on our 
steam engines today is absolutely wasted in standby losses of 
the general nature indicated above. 

Supplementing these tests, a 80-day record was kept of all 
coal used on the entire Rocky Mountain Dlvi^on and the total 
engine, tender, and train movements reduced to horsc-p4»wer 
hours, resulting in a value of 10.58 lb. coal consumed per horse- 
power-hour at the driver rims. Both the above values were 
based upon constants of 6 lb. per ton train resistance at all 


speeds and 0.7 lb. p«r ton per degree of inirvature ae dete^ 
mined in part by dynamometer car tests and representative of 
general railway operation. Reducing the average coal values 
of the test runs and the 80-day record per horse-power-honr 
to electrical constants, we ari;)ve at the data shown in 
Table V: 

TABLE V — COAL EQUIVALENT PER KW-HR, ; STEAK OPERATION, 

Coal per h.p.-hr. at driver rims 10.27 lb. 

Coal per kw-hr. at driver rims 18.76 lb. 

Goal per kw-hr. at power supply on basis 66 per cent 

efficiency 7.66 lb. 

It is this last figure of 7.66 lb. of coal burned on steam engines 
to get the equivalent tonnage movement of one kilowatt-hour 
delivered from an electric power station that is of special in- 
terest to this discussion. Comparing coal and electrical rec- 
ords on the Butte, Anaconda A Pacific Railway before and 
after electrification results in arriving at a value of 7.17 lb. 
of coal previously burned on the steam engines to equal the 
same service now performed by one kilowatt-hour luput at 
the substations, a figure comparing favorably with 7.56 lb. 
above arrived at by an entirely different method. 

TABLE VI — ANALYSIS OF ROUNDUP COAL USED. 

Fixed carbon 49.29 per cent 

Volatile carbon . 38.12 per cent 

Ash 7.74 per cent 

Moisture . 4.88 per cent 

B.t.u 11,899 

Making due allowance for the fact that roundup coal is 
somew'hat low in heat units, it is nevertheless within the 
limits of reasonable accuracy to assume that the steam en- 
gines operating over all our railways are consuming coal at 
a rate closely approximating 12.75 lb. per kilowatt-hour of 
useful work done, as measured at the driver rims or 7 lb, 
per kilowatt-hour as measured at a power station and includ- 
ing for convenience of comparison the transmission and con- 
version losses inherent to electrical operation. 

An electric kilowatt can i)e produced for so much less than 
7 lb. of coal that we are now in position finally to forecast the 
approximate extent of the coal economy that would result from 
electrification. 


TABX^ ra— RELATION BET^VEEN KW-HR. AND TON-UILES, CHICAGO, 
MILWAUKEE AND ST. PAUL RAILWAY, AVERY -HABLOWTON — 

YEAR 1918. 



PsMtnflBr 

ynight 

Average weight locomotive . ... 

Locomotive milee, 1918 

Locomotive ton-miles 

Tnuiing toa-Bulei 

Total ton-mUet 

Kilowatt-hoon 

Watthours per ton-mile . 

Ratio locomotive to tout 

300 ton 
851.000 
105.000.000 

434.408.000 

889.406.000 
24,890.000 

39.8 
31 per cent 

284 ton 
1,431.500 
407.000,000 

2.003.099.000 

3.310.040.000 

12.3 per cent 

Watthours per ton-nule combined movement 
Ratio locomotive to total combined movement 


33.2 

15.25 per cent 


All power values in Table VII are given at the point of 
supply from the Montana Power Gompany at 100,000 volts and 
include deductions made for the return of power due to re- 
generative braking of the electric locomotives on down grades, 
amounting to approximately 14 per cent of the total, Owing 
to the excessive rise and fall of the profile of the electrified 
zone of the 0., M. A St P. By., its operation is materially 
benefited by regenerative electric braking and the value of 
82.2 watthours per ton mile for combined and passenger move- 
ment should possibly be raised to the round figure of 40 to 
make it apply more nearly to conditions universally obtain- 
ing on more regular profiles. 
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Hedacie referrlntr again to the ton-mile valves ot Table 1 ; 


Total ton-miles, ^1018 1,215,400,000,000 

Wattfaoura ton mile 40 

Kw-tbr. total movement 48,700,000,000 

Coal required at 7 lb. per kw-hr 170,000,000 ton 


The actual equivalent coal consumed on our steam railways 
for the year 1918 Is given as 176,000,000 tons, closely approxi- 
mating the figure of 170,000,000 tons estimated above from 
the operating results obtained on the C., M. & St. P. electrified 
zone. These several values check so closely as to justify the 
completion of the fuel analysis of the railways as shown in 
Table VIIL 

TABLS VUI — COAL SAVING BV ELECTBiriCATION 


Total ton-miles steam 1,216,400,000,000 

Reduction by electrification 146,000,000,000 

Total ton-miles electric 1,069,400,000,000 

K'W-hr. electric at 40 watts 42,776,000,000 

Coal on basis lb. per kw-hr 53,500,000 tons 

Equivalent railway coal 1918 176,000,000 tons 

Saving by electriiflcation 122,600,000 tons 

The startling conclusion arrived at is that approximately 
122,600,000 tons- of coal, or more than two-thirds the coal 


now burned in our 63,000 steam engines, would have been 
saved during the year 1918 had the railways of the United 
States been completely electrified along lines ftilly tried out 
and pro>ved successful today. This vast amount of coal Is 50 
per cent greater than the pre-war exix>rts of England, and 
twice the total amount consumed in France for nil its rail- 
ways and industries. Moreover, the estimate is probably too 
conservative as no allowance has been made for tiie extensive 
utilization of water -power which can be developed to produce 
power more cheaply than by coal in many favored localities 

Perhaps no nation can be justly criticized for lavlsdily 
using the natural resources with which It may be ahundantlv 
provided. In striking contrast with the picture of fuel waste 
on tlie railways in this country however is the situation 
presented in Europe at this writing. 

Paced with a staggering war debt, witli two millions of its 
best men gone and an undetermined number Incapacitated for 
hard labor, and with so much reconstruction work to do, 
France has to contend also with the destrnetJon of half its 
coal producing capacity. Before the war, France Imported 
twenty-three million of the sixty-five million tons of coal 
consomed. It Is estimated that the full restoration of the 
coal mines In the I-cns region will take ten years to accom- 
plish, which means materially increaslDg the coal imported 
Into France if pre-war consumption is to be reached, as the 
relief rendered from the Saar District will not compensate 
for the loss In productivity of the mines destroyed by the 
Germans. This situation is being promptly met in part by 
France in the appointment of a Commission to study the 
feasibility of the general electrification of all its railways 
with special reference to immediate construction in districts 
adjacent to Its three large water-power groups, the Alps, 
the Pyrenees, and the Dordoyne or Central plateau region It 
Is proposed to electrify 6200 miles of Its total of 26,000 miles 
of railways during a period covering twenty years. If this 
work Is accompll^ed at a uniform rate of 260 miles a year, 
it is a most modest program considering the extreme necessity 
for the iminovement. 

In even worse plight is Italy with practically no coal of its 
own and compelled to Imiport Its total supply of 9,000,000 tons. 
ji The war has brought home to these countries what It means 
to be dependent upon imported fuel for their very existence 
and both Italy and Switzerland are also proceeding with ex- 
tensive plans for railway electrification. Contrary to general 
understanding, the mines of Belgium are not destroyed, but 
the need of fuel economy is very acute and this country also 
has broad plans for railway electtiflcatlon with Immediate 
construction In view. 


Recognizing the mkny advantages of electric operation of 
its railways, Europe furthermore considers this a most 
portune time to start the change rather than to spend its 
limited funds in replacing worn out and obsolete steam equip- 
ment In kind. Also In marked contrast to the American atti- 
tude is the sympathetic Interest and constructive assistance 
rendered by the Govemtaents abroad in regard to the vital 
matter of rehabilitation of its railway systems. It would 
not be without precedent if the next decade witnessed England 
and the Continent outstripping tills country In the exploitation 
of another Industry which, while possibly not conceived here, 
has certainly been more fully developed and perfected in 
America than elsewhere. 

From figures given, the conclusions in Table IX are arrived 
at in the matter of power station capacity required for com- 
plete electrification of the railways In the United States 

TABLE IX — BAIL WAY POWER REQUIRED. 

Kw-hr electric operation, 1918 42,776,000,000 kw-hr 

Average load, 100 per cent load-faclor. . . . 4,875,000 kw* 

Power station caiiacity at 60 per cent load- 

factor .... 9,750,000 kw. 

It appears therefore that approximately 10,000,000 kw. xxiwer 
station capacity would have been sufficient to run all the 
railroads for the year 1918, or one-half the station capacity 
which has been constructed during the past thirty years 

TABLE X— KsTIMMKI) 1H)\VKR STATION CAPVdTY, UNITED STATES, 


Central stations 

YEAR 1018 

. 0,000,000 kw 

Electric railways 

• . ... 

3,000,000 kw. 

Isolated plants 


. 8.000,000 kw. 

Total 

. 

,20,000,000 kw. 


In the order of magnitude, therefore, it is not such a formi- 
dable problem to consider the matter of power supply for our 
electrified railways and it becomes evident also that the rail- 
way power demand will be secondary to industrial and nils- 
celliinooiis requirements. 

Such being the case, the question of frequency of electric 
power supply becomes of great importance, if full benefit is 
to be obtained from extensive Inteix'onnected generating and 
transmission systems covering tlie entire country. Indeed with 
the full development of interwnnected p^iwer systems supply- 
ing both railway and industrial loud from the same transmis- 
sion wires, the above assumption of 50 y>er cent load -factor 
for the railway load can be raatorlally bettered. 

In this connection u method of limiting the troublesome 
peak load hitherto considered inherent to railway power sup- 
ply has been in successful operation on the electrified C., M. 
A St P. zone for the post year. With unrestrained peaks, 
the load-factor was approximately 40 per cent, but this low 
value has been raised to nearly 00 per cent by the Installa- 
tion of an inexiienslve and most satisfactory device known 
as the r>ower limiting and indicating apparatus 


TABLE XI — ^JOAD-F ACTOR RECORDS, C., M. A ST. 1*. BY. 



Per Cent 
Duration 
ot Peak 

Per Cent 
Load-Factor 

April . 

64 

59 3 

May 

46 

.'SO.l 

Tunc 

1 6 

56.5 

July 

0.7 

56,6 

August 

4.1 

64.7 

September . ... 

9.5 

58.8 


The readings in Table XI cover the performance on the 220 
miles of the Rocky Mountain Dlvladon supplied by seven sub- 
stations controlled as a unit. A load-factor of nearly 60 per 
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aMOKm CONDITIONS AS THEY KXISTED AT THE Q&AND CENTRAL TERMINAL* NEW YORK* IN 1906 


oout brings the elcjctrlc railway within the list of desirable 
customers and makes It iKissible for power companies to quote 
attractively low rates for power. 

Returning again to the question of power supply, It Is in- 
structive to note the general trend toward a higher f requeues’ 
It Is quite evident that 60 cycles is rapidly becoming the 
standard frequency in America; and many instances are on 
record where It has replaced lower frequencies, principally 25 
cycles. This fact In no manner handicaps the future develop- 
ment of electric railways, us entirely satisfactory power can 
be obtained from 60-cycle transmission linos through rotary 
converters, or synchronous motur-genorator sets, depending 
upon the direct -current trolley voltage desired. Indeed a 
growing apprcclntlon of the declining importance of 26-cycle 
power generation In this country contributed largely to the 
demise of the single-phase s>stem, as its chief claim for re«og- 
nltlon Is wiped out with the Introduction of the motor-gener- 
ator substations required with 60-cycle suivply. 

Wdle America apparently has adopted 60 cycles as its 
standard frequency and can look forward to unlimited Inter- 
connection of Its large power systems, European practice is 
evidently crystallizing on 60 cycles. The situation abroad is 
ns yet, however, not clearly defined. In such a small compu<q 
country as Switzerland for Instance, whore so much electrical 
development Is taking place, there is inuoli confllt**- of fie- 
quendes. Apparently tliere Is little appreciation of the ad- 
vantages resulting from interconne<^lod power stations; In fact 
the Loetachberg Railway Is supplied wdtli iiower from 15-c>rlo 
water wlieel-drlven generators placed in llie same power sta- 
tion with 42-cycle units supplying Industrial load while in 
the same inunedlate district there Is u 50-c>cle transmission 
line and no tio-ln frequency changer sets as yet installed to 
Interconnect any two frcipicncles The power company, power 
consumer, and electrical manufacturer pay heavily for the 
complication Imposed by niulntalnlug three frequencies wdicre 
only one Is needed, and growing appreciation of this fact nia> 
lead to the standardization of 50 cycles la Switzerland and 
thus swing that country In line with its neighbors and ulti- 
mately bring ulmut a more economical rgtlo of installed gen- 
erator capacity to average load demand for the country as a 
whole. 

A good example of tlie necessity for Improvement in power 
dlstnlbutton conditions in Switzerland Is provided in the sup- 
ply of power to the Loetschberg Railway as Ulustruted in 
Table XII. 

TAHLE XII — l»OWEB 8VPPLY TO THE LOKTSOIIIlRBO RAILWAY, 
MARCH, 1910. 


Total for month 540,180 kw-hr. 

Average of six 15 mtn. peaks 8,489 kw. 

Load-factor, basis 24 hours 20.8 per cent 


As the railway was cqieratlng for only seventeen hours per 
the load-fu(*tor during actual operation Is somewhat 
better than 20.8 per cent On the other hand, the actual mo- 
mentary iKjak load greatb exceeded 3489 kw, ; and this very 
tluctuating railway load furnishes a good illustration of the 
need of combining it with other diversified loads, in order to 
lieep down the fixed Investment of i>ower station equipment 
now set aside for this Isolated railway load. For example, 
the 00 per cent load-factor of the C., M & St. P. power de- 
mand is the ratio of average to momentary iieak while tlie 
Loetsdiberg Hallway peak load is determined by six 15-mlu. 
peaks wltli momentary peaks greatly In excess of this figure 

Apparently the adoption of a standard frequency of 50 
cycles would meet all general requirements In Switzerland, 
hut would necessitate the installation of frequency changing 
Milistatlons to meet the demands for 15-cycle, single phase 
luilway power. It the electrified railways are to benefit, 
therefore, from the establlsliment of a common generating and 
transmission system In Switzerland, the choice of the single- 
phase railway system might iwsslbly be ixmsidered unfortu- 
nate, \ lowed in the light of modern de^eIopmeut in iwwer eco- 
nomics and the successful adaptation of the less oMlonsl^e 
and rmire flexible direct-current motor to high trolley voltages 

From the power station standi)oIut, the electrification of 
our railways admits but one conclusion We ha\e some 63,000 
engines now In operation and tlielr average combined load 
amounts to approx! nmlely four million horw-powTr ut the 
driver rims or only an Inslgntflcunt total of 05 h.p. for each 
engine owned It is true that, owing to shopping and for 
one cause or another, a large proportion of those engines aio 
not in active service at all times, still the average twenty- 
four-hour output of each tMiglne is less than ten per cent, of Its 
rating In the case of the C , M & St P electrification, the 
average load of each individual electric locomotive Is only 
15 per cent of its mntlnuous rating, but !iy supplying power 
to 46 electric locomothes from one transmission system, the 
average combined load-factor is raised to nearly 60 per cent, 
n figure which could even be surpassed on roads of more reg- 
ular profile. Furthermore, when the railway load is nierge<l 
With the lighting and Industrial power of the district and the 
Whole diversified load supplied from the same 60-cycle trans- 
mission and generating system, it is quite evident that all the 
conditions are anost favorable for the efficient production of 
power. In this country such an achievement will probably 
be governed by the laws of economic return upon the capital 
required because our vast natural fuel resources are popu- 
larly regarded as Inexhaustible, but In Europe there is the 
compelling spur of stern necesstty behind the movement to 
utilize economically the water powers they possess in place 
of the coal tliey cannot get. 

While the much discussed subject of power generation and 
transmission Is a very vital part of the railway electrlflcation 
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project, chief Interest centers In the electric locomotive Itself 
Few realize what a truly wonderful development has taken 
place In this connection in a comparatively few years and how 
peculiarly fitted this type of motive power is to meet the 
requirements of rail transportation. Free from the limitations 
of the steam boiler, and x>ossesslng In the electric motor the 
most efficient and flexible known means of transmitting power 
to the driving axles, the electric locomoti\e gives promise of 
revolutionizing present steam railway practice when Its capa- 
bilities become fully recognized The only limits placed upon 
the siieed and hauling capacity of a single loconiotne are 
those Imposed by truck allnement and standard draft rig- 
ging, Only questions of cost and expediency control the size 
of the locomotive that can be built and operated b> ort* man, 
as there are no mechanical or electrical limitations that have 
not been brushed aside by careful development Just what 
this means In advancing the art of railroading is as yet but 
faintly grusjied, any more than the boldest prophet of tw^onty 
years ago could have fully pictured the change that hiu’ taken 
place at the Grand Central Terminal as the result of replacing 
steam by eelctiiclty. 

Progress In utilizing the capabilities of the electric loco- 
motive has been slow. It is hard to break away from life- 
long railway traditions established by costly experience in 
many cases In consequence the electric locomotive lins thus 
far simply replaced the steam engine in nearly simllai oper- 
ation. Elven under such conditions of only partial fulfillment 
of its posslbllltlcss, the electric locomotive has scored such a 
signal operating success as to Justify giving It the fullest con- 
sideration in future rallw^ay Improvement plans 

On the C., M. & St. P, Ry, 42 electric locomotU’es have 
replaced 112 steam engines and are hauling a greater tonnage 
with reserve capacity for still more. On this and other roads, 
electrification has set a new standard for rellablllly and low 
cost of operation. In fact, although no official figures have 
yet been published, It is an open secret that the reducUon In 
previous steam, operating expenses on the C., M & St. P. liy. 
are sufficient to show an attractive return upon the twelve and 
u half millions expended for the 440 miles of electrification, 
vritliout deducting the value of the 112 steam engines released 
for service elsewhere. As the electric locomotive is destined 
to leave Its deep impression upon the development history of 
our railways, It is fitting that the remainder of this paper 
should be devoted to its consideration. 

Our steam engine construction Is unsymmetrlcal In wheel 
Arrangement, must run single ended, and is further handi- 
capped with the addition of a tender to carry its fuel and 
water supply. The result has been much congestion at ter- 
minals; and the necessary roundhouses, always with the In- 
evltablo turn tables, ash pits, and coal and water facilities, 
have occupied much valuable land; and in addition steam 
operation has greatly depreciated the value of neighboring 


real estate. The contrast offered by the tw'O large electric 
terminals in New York City Is too apimreiit to need more tlinn 
passing comment, and similar results may be expected on the 
fulfillment of plans for electrifying the Chicago terminals. 

While It has been a simple mutter to design electric loco- 
motives to run double ended at the moderate speeds required 
in freight service, the problem of higher speed attalmnent, 
exceeding 60 miles per hour, hns presented greater dllfionlties 
The electric motor is however so adaptable to the needs of 
running gear design that electric locomotives are now In oper- 
ation which can meet all the requirements ot high-ai>ced pas- 
senger train running. These results, also, are obtained with 
less than 40,000 lb total weight, and 0,500 lb non-spring 
home or “dead'* w'olght on each driving axle, ami flnall>, but 
not least, with both front and rear trucks riding equally well, 
a success Tie\er before achieved in locomotives of such large 
capacity. 

In connection wdth the riding qualities of electric locomo- 
tives, it Is of interest to note the conclusions that the Coin- 
nilttee of the American Rallw’ay Engineering Association, F. E. 
Turnoaure, Chalnuan, reached In their reiiort of 1917. 

“From the results of the tests on the electrified section of 
the Chicago, Mllw’aiikee & St, Paul Railway, the teats made in 
3916 on the Norfolk and Western, and tho few teats made In 
1009 ut Schenectady, N Y., it would appear to be fairly well 
established that the Impact elfect from electric locomotives is 
very inu<*h less than fioni steam locomotives of the usual 
type. Comparing results obtained In these tests with the 
results from steam lo<‘omotives, It would api>ear that the im- 
pact from electric locoutKiUves on structures exceeding, say, 
25 ft span length, Is not more than one-third of the impact 
ppoducted by steam locomotives.” 

There is as yet no general acceptance of a standard design 
of electric locomotive Geared side-rod construction for heavy 
freight service and twin motors geared to a quill for passen- 
ger locomotives appear to find favor with the Westlngliouse- 
Baldwln engineers, while the General Electric Company goes 
in for the simple arrangement of geared axle motors for 
freight .aid gearless motors for passenger locomotives In 
both Switzerland and Italy the side-rod locomotive enjoys an 
almost exclusive field. How much of this prefercni*e for side- 
rod construction is due to the restrictions imposed by ttio use 
of alternating-current motors la hard to determine, but the 
facts available Indicate both in this country and abroad the 
uniformly higher cost of repairs of this more compllcatccl 
form of mechanical drive. 

The electric railway situation in Italy is further complicated 
by the employment of three-phase induction motors with all 
the attendant handicaps of double overhead trolleys, low 
power-factor, constant speeds, and overheating of motors re- 
sulting from operation on ruling gradients with motors In 
cascade connection. In many respects the non-fiexlblo three- 
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l>h(iMc induction motor Is poorly adapted to meet the varied 
reiiulroments of universal electrification; and in consequence 
Italian en^grtneers are still struggling with the vexing question 

a system, which may, however, be in fair way of settlement 
through the adoption of a standard of 50 cycles as the fre- 
<iuency of a nation-wide Interconnected power supply, thus 
throwing tlie preponderance of advantages to high-voltage dl* 
rect current 

The extreme simplicity of the ^ gearless motor locomotive 
appeals to many as does its enviable record of low mainte- 
nance coat, reliability, and high operating efficiency, as exem- 
plified by Its unvarying performance in the electrified sone of 
the New York Central for the past twelve years. Table XIII 
sliows that the high cost of living did not appear to have 
reached this favored type of locomotive until the year 1918. 

The records on the C., M. & St. P. locomotive are equally 
remarkable when considering their greater weight and more 
severe character of the service. 


TABIX XIII — MAINTEKAXCb COSTS, WEW YOBK CENTBAL. 



|ini.i 1914 

1915 

1016 

1917 

jl918 

Number loconioUves, 







owned 

48 1 

, 62 

(i;i 

63 

73 

73 

Average weight, tons 

118 

118 

118 

118 

118 

118 

Cost repairs per loco- 

I 

' 1 



4.01 

6 26 

motive mile 

4.32| 

1 ■‘•03 

4 45 

3 78 


TAULK XIV — LOCOMOTm: MAINTENANCE COSTS, CHICAGO, 
MILWAUKEE & ST. PAUL BAILWAY. 



1816 

1 1917 

1918 

Number locomotives owned 

-20 

44 

45 

Average weight, tons 

290 

290 

200 

Cost repairs per loco, mtlc 

8.21 

1 ! 

9.62 

10.87 


In both these Instances tiie cost of repairs approaches 
closely to three cents per 100 tons of locomotive weight. Giv- 
ing due credit to the excellent repair shop service ri*ndered in 
each case, it is instructive to note that three cents per 100 
Iona maintenance cost of tliese direct-current locomotives is 
less than half the figures given for any of the ulternutiiig- 
current locomotives operating in the United States or in 
Europe 

Compured with the cost of repairs for equivalent steam 


engines, the above figures for electric looomotivee are so 
very favorable as to justify the general statement that electric 
motive power can be maintained for approximately one-third 
the cost of that of steam engines for the same train tonnage 
handled. As locomotive maintenance is a measure of relta- 
bdllty In service and In a way'^expresses the numbar of engine 
failures, it Is quite In keepAug with Uie records available to 
state also that the electric locomotive has introduced a new 
standard of reliability that effects material savings In engine 
and train crew expense as well. 

While the first cost of electrification Is admittedly high, it 
may in certain Instances be the cheapest way to Increase the 
tonnage carrying capacity of a single track especially in 
mountain districts where constructioa Is most expensive and 
steam engine operation is most severely handicaxH>ed. In this 
connection a comparison of steam and electric operation on the 
O., M. & St P. Ry. may be summaplsed as follows: 

For the same freight tonnage handled over the Rocky Moun- 
tain Division, electric operation baa effected a reduction of 
22% per cent in the nuralber of tratna, 24.5 per cent In the 
average time per train, and has Improved the operating condi- 
tions so that nearly 30 per cent more tonnage can be handled 
by electric operation in about 80 per cent of the time it for- 
merly took to handle the lesser tonnage by steam engines. 
This means a material increase in capacity of this stngle-tr.ick 
line which may be conservatively esUinated in the order of 
at least 50 per cent and probably more. In other words, on 
this porticular road, electrification has effected economies 
which sufficiently Justify the capital expenditure incurred and 
furthermore has postponed for an indefinite period any neces- 
sily of constructing a second track through this difficult 
mountainous country. 

A careful study of the seriously congested tracks of the 
Baltimore and Olilo Railroad between Grafton and Cumber- 
land disclosed vitally interesting facts. Company coal move- 
ment in coal cars and engine tenders constituted over 11 per 
cent of the total ton-miles passing over the tracks. In other 
words, owing to the very broken profile of this division, the 
equivalent of one train In every nine is required to haul the 
coal burned on the engines. Taking advantage of this fact 
and the higher speed and hauling capacity of the electric 
locoraoUve and Its freedom from delays duo to taking on 
water and fuel, It is estimated tliat the three tracks now 
badly congested with present steam engine tonnage could carry 
80 per cent more freight with electric locomotive operation. 
The eoul output of the Fairmont District Is largely restricted 
by the congestion of this division of the B. & O. R. R. and it 
is probable that equal relief with continued steam engine 
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operation could not be secured without the expenditure of a 
nmcfti larger stun for additional track facilities than would 
be needed to put electric locomotlTea upon the present trades. 

Further instances could be cited where the benflts of electri- 
fication are -badly needed and many of these are coal carrying 
roads among which the Virginian Railway stands out con- 
spicuously as a good oi^rtunlty to make both a necessary 
Improvement and a sound Investment. 

Reviewing the progress made In a short twenty-year period, 
we have seen the steam turbine and electric generator drive 
the reciprocating engine from the stationary power held. The 
same replacement Is now taking place on our ships, big and 
small, notwithstanding the fact that the marine reciprocating 
ei^ne Is a very good engine indeed and operates under the 
Ideal conditions of steady load and constant speed. And now 
the steam locomotive must in turn give way to the electric 
motor for the same good reason that the reciprocating steam 
locomoUve has became obsolete and falls to respond to our 
advancing needs. Electrification aifords a cheaper and better 
means of securing increased track capacity and improved 


service than by laying more rails and continuing the operation 
of still more steam engines in the same old wasteful way. 

To conclude the startling picture of our present railway 
inefficiency, we are today wasting enough fuel on our steam 
engines to pay interest charges on the cost of completely 
electrifying all the railways in the United States, fuel that 
Europe stands In sad need of and which England and Oer- 
many, the pre-war coal exporting countries, cannot now sup- 
ply. With operating expenses mounting to 82 per rtent of 
revenue, inadequate equipment and congestion of tracks, what 
we need in addition to constructive legislation and real co- 
operation on the part of the Government In the matter of 
rates and safeguarding invested capital, is wise direction in 
the expenditure of the large sums that must speedily be found 
and used to bring our railways abreast of the times. Accord 
full honor to the reciprocating steam engine for the great 
part it has played In the development of our railways and 
Industries, but complete the work by replacing it with the 
electric motor and enter upon a new era of real railroading, 
not restricted steam engine railroading. 


Measuring Thermal Expansions* 

Accuracy of the Stretched Wire Dilatometer 

By Arthur W. Gray 


D eterminations of linear thermal expansivity 
involve : 

(1) Production of temperature uniformity. 

(2) Determination of temperature. 

(3) Measurement of small length changes. 

Of these, the last is by far the most difficult. 

DIFFICULTIES IN MAKING BELIABLK MEASUBKMENTS. 

The difficulties that arise in connection with the measure- 
ment of lengtili changes are of two kinds* 

B'irst, the displacements arc generally so small that in 
order to attain even moderate percentage accuracy, high abso- 
lute accuracy is necessary. It is comparatlNcly easy to arrange 
devices of sensitivity sufficient to Indicate displacements 
smaller than one-tenth of a micron; but it is not quite so easy 
to attain such precision upon repeated attempts to measure the 
sutne length. It is not at all easy to make sure that such 
precision, when attained, represents real accuraejs that is 
to say, correctness 

In the second place, mousurcinents of thermal e\pansions 
are far more difficult than ordinary length raeiisurements re- 
quiring the same degree of accuracy. The very nature of the 
case demands that the body under Investigation be measured 
at several different temperatures; and changes of tempera- 
ture are always accompanied by displacements In various parts 
of the measuring apparatus. Unless sihjcIuI precautions are 
taken, these displacements gl\e rise to errors which are always 
difficult, and often quite impossible, to determine with certainty. 
8o-ralled compensating devices are generally unreliable 
Rather than trust them when aocurai'y Is of importance, It is 
better to design apparatus which will render the errors negli- 
gible, or at least will make them determinable with certainty. 

It was for the reasons Just given that the writer Introduced 
the use of stret?(Sied wires in 1911 when designing for the 
Bureau of Standards the equipment still used in determining 
Ae thermal expansivity of materials in the form of bars. 

STkETCHED WISB METHOD FOB MBASUBINO UNKAR DrSPLACKMCNTS. 

With the aid of such a simple device as a tightly stretched 
floe wire it is fairly easy to measure wltli great accuracy a 
dis^acement which occurs within a region otherwise difficult 
of access.' 

*tR«prlikted from Chemieat mnd iietallurpioal .^nginetring Nov. 26- 
Ree. 8, 1916. 


Apparatus on this principle has Ih'cii employed for the past 
eight 3 ears in the determination of thermal expansions Two 
such arrangements of stretched wires are represented diagram- 
matlcally by Figs. 1 and 2. In each the expanding bar is Indi- 
cated by AB. In Fig. 1, ^vires are freely suspended in contact 
with the ends of the bar and are stretched vertically by the 
weight of vanes immersed in oil, the viscosity of which is 
adjusted to damp any swinging of the wires so that their mo- 
tions will be almost, but not quite, aperiodic. In B^lg 2, suit- 
able for cases in whacli the bar Is Immersed in a liquid, wires 
are stretched upward to another bar CD rigidly connected 
with the central iK)rtlon of AB In both arrangements the 
transverse motions of the wires are observed through micro- 
meter microscopes focused at convenient points E and F. 
Disturbances from changes in level are avoided by grinding 
ends of AB to form xwrtlons of a horizontal cylinder, the axis 
of which passes through the center of the bar. 

ACCTTBACY AND UVNGE OF Tllh METHOD. 

Unless one has had actual experience with this method oC 
rendering displacements accessible to measurement, It is diffl- 
ajlt to belie\e the accuracy attainable when proi>er precau- 
tions are taken. Thousands of observations havo (Convinced 
me that the method is the most reliable yet deviseil for the 
measurement of thornjnl expansions. I have used the arrange- 
ment of Fig. 2 in ail oil bath maintained at any dt'slrcd tem- 
perature from near —150 deg C. up to -f850 deg. C., and I 
have used the arrangement of Fig 1 in an electric furnace at 
various temperatures up to about 650 deg. 0. I have not 
personally tested the method at temperatures much above 650 
deg. C. Sufficiently fine wires of nichrome or other non- 
oxldlzable material strong enough at higher temperatures to 
sustain the welglits of the damping vanes were not obtainable 
while I was at tbe Bureau of Standards Nor were my ar- 

^Kxrmnsion measuresnenlts by tJiU metbod were reported to the 
American Physical Society at the Washington meoUng In December, 
1611, and at various times since then, (A. W. Orny. **A New Type 
of ApfMiratus for Measuring Linear Expansion,** Phy 0 , Rw , Vol. 34, 
p. 180, 1012 > The principle of the method won aiiso described In a 
conununlcatlon to the Washington Academy of Sciences, (**New 
Methods for Displacement Measarements and Temperaiture Uniformity 
Aippliod to the Detenidnatlon of Linear Expansivity,” Joum,, Wash. 
Acad. Sc , Vol. 2, p. 243, 1612 ) See also “Prodnictlon of Temperature 
Uniformity In an Electrle Fnrnaoe,” Bull Bivreaa of Standards, Vol. 
10, p. 461, 1614 : Sdentlflc Paper No. 219. 
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rangeinents completed for an atmoHphere wltliin the furnace 
which would permit the use of tungsten wires. Recently, 
however^ Dr. Souder, who is now in charge of the Expansion 
Laboratory, informed me that the Bureau hud obtained fine 
enough wires of a nlckel-chroinlutn alloy which, even In air, 
remained sufficiently strong at temi^eratures up to 1000 deg O. 
Tungsten, If protected from oxidation, could probably be used 
up to 1400 deg C , or i>erliaps ewn higher • 

The stretched wire method of meusurlug expansions has not 
yet been tried at temperatures below — 150 deg. C., because 
suitable temperuttno biiMis have not been conveniently availa- 
ble. The pentane which was used for the bath liquid be- 
comes so viscous when cooled to near —160 deg. C. that proper 
circulation Is no longer possible. It would, however, be a 
simple mutter to modify the apparatus so as to use a bath of 
liquid air, and, with such refrigerating facilities as are avall- 
uble In the Cryogenic Laboratory of Kamerlingh Onnes, the 
wire method could be used down to the very lowest tempora- 
tures producible with the aid of liquefied helium. It is merely 
a question of sufficient refrigeration and a suitable container 
for the bath. 

The complete equipment >%hlch I planned for the Bureau of 




FIG 1 & 2. DIAURAM OF STllEmUIED WIRE DILATOMBTER 

Standards has never been finished, and consequently has not 
been described; but some accounts of measurements made >vitli 
this apparatus at various temperatures ranging from below 
— 140 deg. C. to above 600 deg C. have recently been published 
by my former assistants Schad and Hlduert, by Menca and 
Schad, and by Price and Davidson.* 

The data contained in these pai)ers, some of which are pre- 
sented graphically, Illustrate the performance of stretched 
wire expansion apparatus under conditions of ordinary rou- 
tine tests. The precision Is most clearly shown by 8chad*s and 
Hldnert’s measurements of the expansivity of molybdenum. 
They found that all their length observations made at tem- 
peratures ranging from —142 5 deg. to -f-18 7 deg C. were ex- 
presslible by a quadratic equation with such precision that 


Veffrles recently found the equi-ooliemlTe teiupi^rature of platinum 
to Me a>erweeQ &*i5 and 550 deg C This explains why 1 could not 
get platinum wire to sustain continuously > the weights of even very 
light damping vanes when the tenupeirature rose much above 600 
deg C. JeflTrles found the oqui-coheslve temperature of tungsten to 
be about 1350 deg. C {Zolj Jeffries *'q:be Amorphous 
Hypothesis aod Equi-Coheslve Teiniperatures/* iTonm., Am Inst. Met- 
als, Vol. 11, pp. 300^323, 1017 ) 

•L W Schad and Peter Hhluert . **I*r©llmlriary Determination of 
the Thermal Expansion of Molybdenum/' Dull Bur Standards, Vol 
15, pp. 81-40, 1019. P. D Herica and L. W. Schad : "Thermal Ex- 
pamsloD of Aliptia and of Beta Brass between 0 and COO deg. C, in 
Relation to the Mechanical Properties of Heterogeneous Braesee of 
tile Muuts Metal Typo.*' .^ourn , Am, Inst. Metals, Vol. 11, pp 800-407, 
1017 , Bull Bur standards, Vol. 14, pp. 671-600, 1018. W. B. Price 
and Philip Davidson* Physical on Common High Brass 

Taken Parailel and at Right Angles to the Direction of Rolling- 
Appendix,’* 7Van«. Am /n«t. Metals, Vol 10, 1016 

The expansion determinations reported by Price and Davidson were 
planned in detail by the present writer; the meaanrements and charts 
were made by Meaera Bchad and Uidnert; the speclmong of brass 
veto furnished by Mr Price. ^ 


the probable error of a single observation was ±2.6 microna 
l)cr meter. Likewise, the probable error of a alngtle observa- 
Hon on heating from 18.7 to 805.8 deg. C. was found to be 
±2.5 microns per meter. Since the spedmen tested was only 
20 cm. long, these values indltete that the probable error In 
making a single expansion measurement was about ±0.5 
micron. Moreover, a second set of observations from room 
temperature to 304 deg. 0., taken several days later, yielded 
an equation which agreed so closely with that obtained during 
tlie first test that the lengths determined from the two equa- 
tions did not differ by more than 4 microns per meter, or 0.8 
nxlcroii In length actually measured. Borne of the slight dif- 
ferences observable between heating and cooling curves, and 
between curves obtained from different tests of the same 
sped men, are due to the fact that no solid has yet been found 
which assumes exactly the same dimensions every time It is 



FIG 3 SKETCH OP ESSENTIAD PARTS OF DII^ATOMETBR 

brought to the same temperature. Molybdenum repeats bet- 
ter than most substances, and is, therefore, well suited for 
expansion apparatus. 

SIMPLE STRETCHED WIRE DJLATOMRTER. 

While the equipment developed at the Bureau of Standards 
Is very efficient for the accurate Investigation of thermal ex- 
pansivity over a wide tenoipcrature range, It is more elaborate 
than Is necessary for moat scientific or Industrial purposes. 
A simple but reliable dilatometer which the writer made from 
material to be found in almost any physical laboratory may 
therefore be of sufficient interest to warrant a more detailed 
descrl ption that that al ready published.* The apparatus, 
which uses the stretched wire method of measuring linear 
displacements, could easily be adapted for commercial testing. 
It differs from the precision apparatus at the Bureau of Stan- 
dards mainly In the substitution of an ordinary Brown As 
Sharpe micrometer screw for the expensive microscope com- 
parator and reference bar. Fig, 8 is a somewhat diagram- 
matic vertical projection of the dilatometer partly In section. 

^Abstract of a iiaper proaentefi at the Baitimore meetlag of the 
American Phy«ical •Society FAga. Rev.j Vol. 18, p 142, 1019. 
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Minor constructional details are not represented in order that 
the essentlalB may stand out more clearly. 

DETAltKU nSSCBIPTlON OF SIMPLIFIED AFPABATUS. 

Extending vertically downward from the cover A of the 
temperature bath made of asbestos wood are two tubes B and 
C. the axes of which are separated by approximately the 
length of tiie specimen D. At the lower end of each tube are 
two pointed oo-axtal screws E for clamping D from opposite 
sides. One of the tubes, is rigidly attached to the cover A ; 
the other, C, is hinged at F so as to permit free expansion of 
the specimen. Fine wires, O and H, of annealed tungsten, 
clamped to the lower ends of the tubes by means of the screws 
J and AK, extend vertically upward through the tubes and 
the cover for several decimeters above the latter, whore they 
pass over pulleys and support weights AA and AB, which keep 
them tight and straight. The pins AC and AD cause the wires 
to bear firmly against the rounded ends of Ihe apeciineri 7) 
Small circumferential V-groovos In these pins center the wires 
and prevent them from slipping across the ends of the 
specimen. 

At the upper end of the apparatus are two sinootli round 
pins AE and AP, which bear against Ihe wires O and /L a 
decimeter or so below the pulleys. By means of the sciews It; 
and All these pins move horizontally in the* plane of the wires, 
so that the upi^r iiortlons of these wires can be brought closiM- 
together or separated a measured dl«»tan<*e 
Just above the cover of the lernperatuic bath Is placed n 
horizontal bar AJ^ of low and known thermal e\|>.uisi\it>, 
protected as far as p<isslble from temperature changes accom- 
panying warming and cooling of the bath below 
This bath, whlrii is not shown In the illustrations, fs of oil, 
heated electrically, and i^mtlnuously stirred by a screw pro- 
jieUer, the containing tank being provided wdth suitable guides 
for Insuring thorough mixing and circulation. If air is ex- 
(*ludcHl to prevent flashing, “Rcn<»wii’* engine oil can be used 
to over 300 dog. C. Pentane gasoline remains sulllclently fluid 
down to about —150 deg C. Although these tw’o llrpiuls will 
cover the entire range, kerosene Is usually the most coinenieiit 
substance when imMisurements do not have to bo extended 
niudh beyond either 0 deg or 75 deg 
After the specimen has been placed in the heating bath and 
temperature equilibrium has been reacln^l, the upi>cr end of 
each stretched wire is moved until the wire Just touches the 
end of the bar AJ, Contact Is Indicated electrically by inoaTis 
of an inexpensive reflecting galvanometer In series with a dry 
cell and a suitable resistance As the sfieelmen D expands, it 
moves the wxrvs uw^ay from the ctmlact bar AJ, The magni- 
tude of the expansion Is determined from the movements of 
the screws AO and All required to restore contact. 

Only one graduated screw Is actually used. The ordinaiy 
screw AOt of moderately fine pilch, moves a horizontal bar 
BK, to which are rigidly attached both the pin AE, which 
coniinunloates the motion to the left-hand wire O, and the mil 
of the graduated screw AH, which moves tlio right-hand 
wire if. In this way a single micrometer scu'w Is made to 
measure the total displacement of both wires A Brown & 
Sharpe micrometer head is convenient for this purpose 
The movement of the bar BK Is guided without lost motion 
by means of the thin flat strips of spring metal BA and BB, 
which suspend it from the bar BC, The smaller bar BD, 
which curries the pin AF, is likewise supported by the flexible 
strii>s BE and BF so that It is freely movable horizontally 
within a rectangular cavity cut through the <'ontral portion of 
BK. The spiral spring BG surrounding the rod HH presses 
BD firmly against tlie end of the measuring screw .17/ The 
steel ball BJ, pressed tightly into the end of BD, makes an 
excellent bearing for the end of the screw. 

The bar AJ in merely a piece of Pyrex glass tubing. (Fused 
quartz, because of its still smaller thermal expansivity, would 
better,) Bearing firmly against each end of the tube, a 
tungsten wire (CK and CA) about 0.1 nclm, in diameter is 


tightly stretched horizontally between two posts, one of which 
serves to connect the wire electrically with the galvanometer 
for detecting contact with the adjacent vertically stretched 
measuring wire These posts, wliich may be ordinary machine 
screws with nuts, are not represented in Fig 3. Tlie ends of 
the tube are, of course, suitably ground so that the horizontal 
wires wdll be parallel to each other, and so that there will be 
no Interft'rence with the motions of the vertical wires. Tlie 
horizontal v\Mros define the effedlvo lengtli of the contact 
bur 4.7. 

rRKPAHATION OF SPXCIMXNS lOB TESTING. 

The preparation of ii siH'clinen for an expansivity determtim- 
tioii IS an eas> matter All that is necessary is to cut off a 
rod ot the re<iulred length and to round ihe ends smootlily, so 
that tbe\ form isirtloas of u cylindrical surf a (H? The round 
Ing should, however, be nctmr.itely done, since its purpose Is 
to prevent small angular displacements In the plane of the 
wires, inusing errors by changing ll\e distance botvvc^eii con- 
tacts. The easiest and best way of producing the olindrl<*al 
surfaces Is by grinding 

A simple t<u»l Is used for bidding a specimen during this 
operation B> means of radial screws near each end the 
rod is firmly clamped within a metal tube. Midway hetv\ eon 
its emls this tul>e is pivoted between tw’o ro-axlal pointed 
scTews which bold it within the arms of a f<»rked bar of 
rectangular cross-section As the bar is gradually advumed 
tow aid the edge of the grinding wheel, the tube otmtalniug 
the sp<s mien is rotated between the pivot screw's of the fork 

A s< I ew -oiierated slide-rest is not at all necessary for fecnl- 
lug the specimen toward the grinding wheel. With the exbr- 
(ise of a little cure the movement can be sufiniently well 
guided by pressing one corner of the forked bur into the 
dibedial ungb» of a support formed by fastening a straight 
strip of w'ood or metal uix>n a flat surface The bar is ad- 
vanced toward tlie wdieel by gentle tapping against the farther 
end Even glass can be ground in this wa.v without difllculty 

Near each end of Ihe tube v\lilch bolds the specimen during 
grinding are two sinull boles, one from eiuh side. These form 
convenient guides for drilling I lie little conical depressions 
or holes (CB, Fig 3) that n‘cel\e the pointed ends of the 
clamping wtows 77 

SOrmi-S OF FRROH 

The accuracy of the simple dilatometer described above is 
limited mainly by the accMiracy w'ltli which contact can be 
detected betw'oen the stretcluHl wires and the bar AJ above 
the temperature bath Immediately before taking a scries of 
readings tlie contact surfaces of lioth the wires and the bar 
f^ould be washed with a little ether applied by means of a 
earners hair brush. With delicate touch (he left-haud screw 
AG Is then cautiously and steadily turne<l until the galvano- 
meter gives the first slight indication of contact between the 
wli'e G and tlio end of the contact bar AJ A small deflection 
that Increiises with contimiod advance of the screw indicates 
a better contact than a sudden, large defiectnm After cf>n- 
tact has iioen c^lubllshed with the left-hand wire, Ihe measur- 
ing screw AH is advanctHl until the rlghl-lmiid wire 21 makes 
contact with Af At each temperature or meusurcmenl, set- 
tings of iKith screws sliould be repeated n sufficient numlM^ of 
times to make sure that good contacts are being obtained 
Failure lo obtain a series of amcordant readings Is evidence 
that something Is wrong— proiiably a dirty contact or lack of 
care in turning one of Uie screws. 

The effect of errors In the measuring screws varies inversely 
as the ratio of the distances from the contact bar .1.7 to the 
pins AE and .4F f<»r moving the wires and to the specimen I), 
In the apimratus actuallv used these pins W’ere (500 ram above 
and the specimen 150 mm below the bar, so that the microm- 
eter screw’ AH measured four times the exivansion of the 
specimen The results Showed that with proper use deviations 
of Individual screw readings from the average should not 
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exceed 5 inicroas. The average deviation of 107 individual 
readings from the average reading for oacb temperature was 
less than 2 mitTons, corresponding to an average deviation of 
0 6 micron in determining the expansion of the speciment. 

Corrections must be applied on account of lengOi changes 
in AJ and in BK brought about by temperature changes oc- 
curring in these bars during the course of an expansivity de- 
termination. With a dllatometer in which the wires multi- 
ply the elongations by 4, the apparent expansion of the speci- 
men must be corrected as the expansion of AJ and % the 
expansion of BK, Although it is easy to calculate these cor- 
rections if the expansivities and the temperatures of AJ and 
BK are known, it is imore convenient to render the corrections 
negligible, or at last very small, both by using materials of 
low expansivity for these parts of the apparatus and by pro- 
tecting them from temperature changes— -especially changes 
caused by convection, conduction and radiation from the bath 
for heating the specimen under test. 

CONCBKTE ILLUSTRATION OF AN EXPANSIVE DETERMINATION. 

A concrete example illustrating the capabilities of the above- 
described simple apparatus is afforded by a determination of 
the thermal expansivity of some optical glass.* 

A summary of the measurements made is contained in the 


THERMAL EXPANSION OF OPTICAL GLASS 


A 

B 

C 

D 

E 

21 45 

0 0 

•*0 5 

—2 6 

7 

77 51 

25 5 

0 6 

— 5 

3 

76 21 

29 2 

0 4 

—1 0 

6 

127 24 

47 2 

0 4 

-f-0 2 

9 

170 55 

67 2 

0 2 

-1-2 0 

6 

227 63 

95 8 

0 3 

+3 0 

to 

254 II 

no 0 

0 6 

+1 2 

9 

265 75 

115 5 

0 5 

-hi 0 

7 

276 62 

120 6 

0 5 

-f 3 0 

9 

266 39 

124 2 

0 4 

-1-4 0 

9 

297 07 

130 0 

0 6 

+4 5 

6 

307 81 

133 5 

0 4 

+5 6 

7 

30 65 

13 6 

0.6 

—2 0 

7 

29.96 

13 0 

0.5 

—1 2 

10 


A Tvmpmture Ontigr»d« 

B. Espsnaloa in nirroiui of 6 cm speeimeo. 

C. Avmpe deviation in microns from nversge 

D Correction in microtis for tempmiure cnanccs in apparstus 

E Number of micrometer screw settings sversged. 

accompanying table. In this table Column A gives in degrees 
Centigrade the temperatures of the oil bath in which the 
specimen was heated. These temperatures were determined 
by platinum resistance thermometer; a mercurial thermometer 
was used as a rough indicator. Column B gives in microns the 
exi>anslon of the specimen observed on heating it from 23 45 
deg. to each temperature recorded in Column A. In obtain- 
ing these values the corrections given in Column D were added 
to the apparent expansions indicated by the measuring screw. 
For calculating the corrections the linear expansivities of the 
brass bar BK and of the l^rex glass tube AJ were assumed to 
be 0.000018 and 0.0000082 per degree Centigrade, respectively. 
The magnitudes of these corrections could ha\e been greatly 
redu(*od by proper choice of iniatcrials together with proper 
thermal insulation 

TJie precision attained in measuring the exptinsions is indi- 
cated by Column C, which gives opposite each temperature 
the average deviation in microns of the individual indications 
of the measuring screw from the average value observed at 
that temperuture. The deviations here recorded, which cor- 
respond to elongation of the specimen under measurement, 
were obtained by dividing the corresponding deviations of 
the actual screw readings by 4, since the stretched wires 
multiplied the ilpecimen elongations by 4. Column E shows 
the number of micrometer screw observations that were aver- 
aged at each temperature to obtain the values under B and C. 
Examlnatton of the table shows that, for the 107 contact ob- 
servations represented, the average deviation was only about 

^At the reqaest of l>r. Arthur L. Day, OpdofU Qimn Commltteo, 
War InOuBtrieo Board, the writer unld«rto<A to determloo tho ex- 
pazuiWity of this gl ass, which had been produced under the direction 
of the fformer for nsTal eearohUght miirors. The dllatometer shown 
In Fig. 8 was haetUy designed end conetructed especially for this 
work. 


0.46 micron. This gives some idea of the precision at> 
talnable with a stretched wire dllaioipeter even when the con- 
struction of the instrument is crude, 

A plot representing the observations recorded in the table 
is i^own in Fig. 4. The stral^^t line corresponds to an ex- 
pansivity of 0.00000704 per degree Centigrade. The last two 
observations, which were made the day following the obser- 
vation near 908 deg., are represented by the open circles. 
Such faUure of a glass to return to its original length upon 
cooling after strong heating is frequently observed. 

Although Fig. 4 Indicates an accuracy sufficient for most 
scientJflc or Industrial purposes, it should be borne in mind 
that the specimen tested was only 60 mm. long and that the 
corrections given in Colunm D of the table are both consider- 
ably larger and considerably more uncertain than need be. If 
the errors involved in the corrections be rendered negligible 
by the means Indicated above, the relative accuracy of the 
expansion measurements will be increased in the same ratio 
as the length of the specimen under test is Increased, since the 
deviations in Ckilumn C represent absolute, not relative, pre- 
cision In length measurement. 

VARIATIONS OF TUB STRETCHED WIRE DILATOMETBR. 

The apparatus actually constructed as outlined above iV 
lustrates merely one particular arrangement for applying the 
general principles of the stretched wire method. It was hastily 
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designed and built to meet an emergency. Various details 
could obviously be modified. For example, two Independent 
graduated screws for moving the stretdied wires G and H 
would be a convenience; any sensitive detector of contact is 
usable; tungsten wires are not necessary, ete Moreover, mi- 
crometer screws can be arranged to replace microscopes for 
use with either an air bath (as In an electric furnace) or 
a liquid bath, so thait the range of application even in the 
simplified form of dllatometer is not limited to the Interval 
between room temperature and 360 deg. O. 

Nor is the application of the stretched wire method lim- 
ited to tlie case of thermal expansion. The writer has already 
used wires for measuring magnetostriction in nickel steels 
at temperatures ranging from —79 deg. to -f*800 deg. C. Wires 
could easily be adapted to the construction of an extensometer 
for measuring deformations of materials during any kind of 
testing, etqpedally when it was desired to control the tempera- 
ture of the test piece. In fact, there ai^ars to be no other 
method that is quite so reliable for accurately following 
linear displacements that occur iu regions which are difficult 
of access. 

COHRKCTION. 

We regret to state that In the artlde on **Noii-Bolling 
Passenger Liners," p. 292 of the Marth Issue of the SonurTmo 
American Monthly, the author's nam^ was given as "Skiward 
A. Sperry." It should have been "Elmer A. Sperry." ' The 
story of Mr. Sperry's achievements as an Inventor is told in 
the SciENTtnc Ameiucan of April 17, 1920. 
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T he color of rod paint or of yellow 
paint Is due to red or yellow pigments, 
which owe their color to their chemical 
nature. These are called pigment colors. 

There are other colors which are due to the 
ji^yslcal structure, and which are therefore 
called structural colors. The rainbow, for 
Instance, Is not a painted band in the sky. 

In fact, no two people see the same rainbow. 

Structural colors may be due to a number of 
causes and to understand them It Is neces- 
sary to start almost at the beginning. An 
absolutely smooth, reflecting surface Is in- 
visible. We realize this very often when we 
come unexpectedly face to face with an ex- 
ceptionally good mirror. It was suggested 
by a German that the Zeppelins should be coated with a 
polished metallic surface which would make them perfectly 
invisible. While It would be impossible to see such a surface, 
there Is some doubt whether this would be a great success 
from a military point of view, because almost anybody would 
realize that something queer was going on If he were to see a 
reflected section of the earth's surface apparently moving 
along up in the sky. 

If we put powdered glass in a liquid having the same index 
of refraction as the glass, no light Is refracted when passing 
through the mixture and consequently the glass is Invisible 
If a glass rod be dipped into such a liquid, the rod seems to 
melt and disappear when it touches the surface of the liquid. 
Since different colors may have different indices of refraction, 
it happens sometimes that the glass will be Invisible for cer- 
tain rays, which are transmitted without change, while other 
rays are scattered by the glass Under these circumstances 
the mixture of glass and liquid may transmit only yellow 
light and will appear yellow. At some other temperature It 
may transmit only red or only blue. This is known as the 
Christiansen effect, from the man who first studied It 
If we have a thin film with light reflected from the front and 
the back surfaces, it may happen that the crest of certain 
waves reflected from one surface will coincide with the hollow 
of waves reflected from the other surface, in which case this 
particular color will disappear and the place where this dis- 
appearance occurs will appear to have the complementary 
color. The colors of thin films are often known as Newton's 
Bings. We are quite famdliar with them in the case of soap 
bubbles and with oil films on the ground. In the streets of 
Washington the colors due to oil films are exceptionally bril- 
liant ; but this is not due to any particular brand of oil which 
Is spilled there. It is because the streets are asphalted and 
consequently there Is practically no reflection of light from 
the ai^pihait surface to interfere with the colors of thin films. 
This is a very good illustration of the importance of a dark 
ba<dcground in the case of structural colors. 

We may get colors by reflection and refraction. The rain- 
bow is an lllustratton of this. The old-fashioned cut-glass 
chaudeUer gives a good examine of the colors that may be 
•produced by light passlag through a pi|^ism. If we have a 
numba* of Unes ruled parallel and very ^dose together on a 


smooth surface, this gives us what is known 
as a diffraction grating, which may spread 
a ray of light out in a way very similar to 
a prism. Agates are composed of thin films 
about 0.001 of a millimeter in thickness, and 
when the agate is properly cut it may be- 
have like a diffraction grating. In the case 
of mother-of-pearl, we have alternate layers 
of calcium carbonate and an organic ma- 
terial. These layers overlap very slightly in 
a regular fashion and consequently act to 
some extent like a diffraction grating, giving 
rise to the peculiar effect known as pearly 
lustre. 

The reflection of light by powdered ma- 
terial may produce a number of Interesting 
color phenomena. When white light is scat- 
tered from a surface instead of being re- 
flected as In a mirror, It gives rise to tiie 
sensation of white. A block of Ice Is not 
white, because it does not scatter the light. 
If the ice is powdered, or still better if we 
have snow, the light is scattered and we call the snow white. 
Instead of having solid particles of ice in air we may have 
air bubbles embedded In liquid, in which case we get a white 
froth or foam. If the blue crystals of copper sulphate are 
ground to a fine powder, the light passes through such fine 
layers of the material that it does not become colored blue to 
any appreciable extent. On the other hand, the light is scat- 
tered from the powdered surfaces, and the powdered copper 
sulphate looks white instead of blue When sliver is precipi- 
tated by an electric current, it does not come down with a 
mirror-llke surface, but rather In a mass of tiny crystals 
which scatter the light in every direction. Consequently elec- 
trolytic silver Is white and only bus the characteristic appear- 
ance of silver after it has been burnished. There is no white 
pigment In any white flower or in white hair, and probably 
not in white bark The white color of the lily is due to the 
presence of Innumerable air bubbles and the same is true of 
white hair. In order that hair may turn white in a single 
night, It is not necessary for the original pigment to disap- 
pear and for white pigment to develop. It la only necessary 
for a muss of minute air bubbles to be formed in the hair as 
a result of worry. While tills accounts for the physical change, 
we are as much at a loss as ever to know why Intense grief 
should develop air bubbles in the hair. 

The scattering of light by a powder or by the fibers of a 
sheet of paper Is duo to the difference in the index of defrac- 
tion between the solid particles and the air. If we replace 
thq air by some liquid having very nearly the same Index of 
refraction as the solid particles, these latter will cease to be 
velhlte and will become more transparent. It is well known 
that oiled paper is distinctly translucent If powdered copper 
sulphate were immersed In a liquid having about the same 
index of refraction as the crystals, these would probably be- 
come blue. This experiment has not been tried ; but there is 
a more interesting one which has puzzled people for a good 
while. In the zobloglcal gardens some flamingoes are much 
redder than others. At one time it was thought that the red- 
ness was connected with a fish diet ; but flamingoes have been 
raised which had bri£^t red feathers even though the birds 
had never eaten fish, so this explanation had to be given up. 
It is now thieved that the brilliancy of the color ts due to the 
presence of oil in the feathers, this making them more tranalu- 
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cent nnd bringing out the red color. Water colors always 
become paler as the water dries out, because the pigment is 
then surrounded by air and not by water. Some people have 
gone so far as to say that wlilte pigments do not occur in 
nature in living beings; but this is an over-statement. Some 
butterrtlos have a whitish pigment In their wings and the 
white l*ellles of many Ashes are due to the presence of a sub- 
stance called guanin, and not to air bubbles 

Oonipleto absorption of light gives the sensation known 
as black. Pulverulent silver Is bbu^k because the crystals 
are so arranged that all the light is absorbed by reflection 
forward and back This cun he shown In another way. If we 
take a Innicli of stet'l net'dles and place them with their 
points side by side facing the observci, the mass will appear 
black, although we know that no single needle is black in 
Itself. I'he rich <^)lor of velvet is due to its trapping the 
light, nnd tlie peculiar effect known as damask is due to the 
fibers being arranged in two different w^^ys, so that one set 
absorbs more light than the other. Tns's and grass may act ns 
light traps when stK?n from above and they are said to look 
black to aviators. If we have a material which absorbs light 
so completely that the powder is black, we sliall gel all gra- 
dations between the origluol color and black if we grind up 
such a substance, Just as we got all variations between blue 
and white by grinding orjatnls of copper sulphate If wc 
start witli yellow gold and make it more porous, it will lie- 
come brown before becoming black This happens unlntention- 
ally In the assaying of gold, a brown powder being obtained 
w'hich pofiple have thought was an alio tropic form of the 
metal It In merely a [lorous gold and when It is heated until 
the cpyalals sinter togelher and be<*oirie less porous, (he vellow 
color of gold reappears 

When pow'ders are grouped, there may also be a < bnnge of 
tint owing to the fact that the pigment or ahsorpllon color 
varies with the thickness of the film. This will show up Just 
ns well with tJdn layers as with pow’ders Both <^ohalt glass 
and cyanine aro blue In thin boers and red in thick ones 
Large crystals of potassium ferrioanlde are led ami the coloi 
cimnges to yellow when the crystaln are ground to powder 
It has iH'on made probable by the G<*ophysleal Laboralorx that 
rouge would hi* >ellow If w^e <'OUld grind It fine enough. So 
far this has not ^et bid'll done, but it Is nu^rely a fiuestlon of 
time when somebody will make yellow rouges In spite of the 
contradiction In terms which 1« implied In all these cases 
adding u liquid having approximately the same index of re- 
fraction as the iK)Wders would change the color towards that 
of the larger crystals 

If we have very fine particles suspended in a transparent 
Solid, liquid, or gas, these particles scatter bine light much 
more than tliey do ml light, and consequently such a mass 
appears re<1 by transmitted light and blue by reflect(*d light. 
Skimmed milk is an instance of this sort, being distinctlj 
bluish by reflected llglit and reddish by transmitted light 
Tobacco smoke is also blue by reflected light ami red h> trans- 
mitted Uglit The blue color of the sky is dm* to light which 
Is scattered l>y drops of liquid or l>y particles of dust in the 
air. The Intensity of the color Is undoubtedly increusetl bv 
the fact that we see this ugnlust tht* liinck background of 
Influite space, so (hat tlu* <*i>lor is not changed by llglit re- 
flected from the Imundarles of (he atinospliere 

Tlu*re is no blue pigment in blue eyes and it was pointed 
out b> Tyndull years ago that the blue of the eye Is really 
the bine of turbid media, and Is thus analogous to the blue of 
the sky or the blue of skimmed milk At the back of the Iris 
there is a duik pigment known as the avia, which prevents the 
reflection of light nnd keeps the color of the blood behind It 
from being seen. When this dark pigment is absent, we have 
an albino nnd a pink eye. The various stages between the 
tdue and the gray eye are dtio to differences In the coarseness 
of the particles giving rise to the blue color, the blue color be- 
ing the more intense I he finer the particles. This is probably 
the reason why babies' eyes are so very blue, because the sus- 


pended particles tend to grow coarser with lucreastng age. 
All other people have a yellowish-brown pigment In the front 
of tho Iris, and the combination of the structural blue with the 
yellowish-brown pigment gives rise to the green, hasel, brown 
and black eyes. Except with people who have very black eyes, 
the pigment in the front of the iris does not develop at birth, 
just as the teeth do not come till later. Consequently most 
babies have blue eyes, the color changing to hazel, brown or 
black as they grow older, while the reverse change never 
occurs. Once In a while we see a man whoso eyes are colored 
differently. This means that pigment has developed in one 
eye and not in the other, or that the pigment has developed 
unequally In the two eyes. The green eye is due to the com- 
bination of alructurul blue with the pigment yellow. While 
this is not a common type In human beings, we get It very 
markedly In the case of the green tree-frog, which has no green 
pigment and whose green color Is due to structural blue with a 
yellow pigment overlaying it. If we scrape the pigment layer 
off tho bulk of an unfortunate frog, he turns blue. The Latin 
name of the Australian tree-frog means **the sky4due frog," 
because he Is blue when he comes to us preserved in alcohol, 
the alcohol having dissolved the jellovv pigment 

If we leave out of account feathers with a blue metallic 
lustre, which may constitute a special case, we may say that 
there is no blue pigment In the feathers of any bird. This 
means that the blue of the kingfisher, the Indigo bunting, the 
blue-Jay, and the blue-bird, is not due to blue pigment, but is a 
structural color The only pigment in the blue feathers of 
these birds is a dark brown one which apparently serves, 
merely as a background, Just as in tho case of the blue eyes. 
The best explanation of the blue feather Is that the horny mat- 
ter is filled with an enormous number of minute air bubbles, 
which scatter blue light and transmit red, which Is absorbed 
by the dark hackgiound. The blue feather is therefore the 
same In principle as, and the opposite in detail from, the blue 
.sky. The color of the sky is due to the scattering of light 
by particles of liquid or solid suspondeil In a gas, the air. 
The blue of the feathers is due to the scattering of light by 
buiibles of gas. air, suspended in a solid moillum. While this 
explanation is umlouhtodly the right one, nothing analogous 
to n blue feather has yet been made m the laboratory. This 
Is one of the things that ijeople must do in the future. 

In this country the tufted titmouse is a gray bird with no 
brilliant colors; but the German titmice show great differences 
In color One vailety is green on the back, due to structural 
blue overlaid by a pigment jellow, and yellow on the belly 
In another variety the brown i>lgmont which Is essential to 
the structural blue has not de\ eloped and the bird Is conse- 
quently yellow all over There Is a third form In which the 
yellow pigment has not developed and the bird is therefore 
blue on the back and white underneath One would like to 
think that the differences in color between the male and the 
female redstart wore of this lypi* and were due to the pres- 
ence in the male of a single color which is lacking In the 
female; but this seems not to lie the case. 

The gorgiH>u.s sunset colors arc due to the red light which Is 
transmitted through the cloudy sky and is the reverse of the 
blue of the sk>’ Water is apparently blue In Itself when one, 
looks through a sufficiently long layer. If, however, there 
were nothing to reflect the light back, the water would, of 
course, look black, and certain lakes do show exactly this phe- 
nomenon, If there Is a small amount of reflecting particles, 
the water looks blue. With more suspended particles a certain 
aiiiount of yellow is sent back, and the water becomes green. 
In tho tropics tho water is an intense blue, except near the 
shore, where it becomes an almost equally intense green. The 
water of the Rhone where It flows out of the Labe of Geneva 
is blue, while tho Rhine at Strassburg is green, and we find 
that the Rhine contains seventy per cent more suspended cal- 
cium carbonate than t,he Rhone. Sometimes the water in a 
swimming tank will he as green as cr^me de menthe. This is 
due to suspended solids In the water. The same effect can oc- 
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caslonally be obtained in a porcelain-lined bath tub. The clear 
brown brooks that one finds in many places in New England 
owe th^ color to the presence of a brown material of the 
nature of tannin, so this would really be a pigment color and 
not a structural one. 

If a substance absorbs light very strongly. It may also rofieot 
that light selectively, in which case the substance has what 
we call a surface color, due to resonance. Instances of this 
sort are very common among the so-called aniline dyes. For 
Instance, crystals of magenta transmit red but reflect green 
Substances having marked surface colors show some very 
extraordinary properties when present In the form of very 
finely divided particles. Indigo In muss transmits blue and 
refiects red. If we make a colloidal solution of indigo with 
very fine particles, we find that It transmits red and scatters 
blue light Without going into the theory of this, we moy 
make the assumption that a substance which has a surface 
color will transmit, in finely divided form, the light which 
It ordinarily refle<»ts, and will scatter the light which 
it ordinarily transmits. This tentative hypothesis works 
out very well as a means of explaining the colors 
of colloidal gold and colloidal silver. The apparent 
surface color of gold is yellow ; but if we make the 
light pass a number of times between two surfaces of gold, 
we find that the resulting color is red and not yellow A thin 
film of gold transmits green. In accordance with the hypothe- 
sis, we find that a colloidal solution of gold having very fine 
particles transmits red light and scatters green light If the 
particles are coarse enough so that the i>ocullar phenomenon 
of resonance does not take place, the particles scatter yellow 
or brown light and transmit blue. As we see it ordinarily, 
silver has no especial color; but after multiple reflection, we 
find that the surface color or silver Is yellow, A thin film of 
silver transmits blue and a colloidal solution of silver conse- 
quently transmits yellow light and scatters blue With 
coarser particles, we get the transmission of blue, which is In 
line with the behavior of silver films, and the silver scatters 
the complementary color, which is blue. Sodium fogs scatter 
violet light, for which the vapors are transparent. 

Mlchelson, of Chicago, has shown that the brilliant colors of 
butterflies are duo in many cases to surface colors so that It 
is probable that the wings of the butterflies are colored by 
solid pigments, which behave like such aniline colors as 
magenta. 

We are accustomed to say that metals have a metallic lustre 
and that glass has a vitreous lustre; but this does not seem 
to get us ahead at all. If one asks a physicist what c*ODSti- 
tutes metallic lustre, he is very likely to siiy that metals con- 
duct electricity and that the electrons which are present give 
rise to the sensation of lustre. This citnnot be the whole 
truth, because an empty glass test-tube placed in water and 
looked at so as to give total reflection, is more metallic than 
mercury Itself. Also, If we take a black Image on a w^hlte 
ground and a white image on a black ground and combine 
these two in a stereoscope, we do not get a sensation of gray — 
we get melalllc lustre. A similar effect Is obtained If we have 
a yellow Image on a blue ground and combine it with a blue 
image on a yellow ground. This shows that the problem of 
metallic lustre is a psychological one In some cases and pos- 
sibly in all. It seems probable that one gets the sensation of 
metallic lustre whenever we have a nervous flutter or un- 
steadiness of attention, as when one combines two pictures 
having different degrees of brightness. The elements of fa- 
tigue would enter in very largely here and some people are 
^ much more sensitive to binocular lustre, ns It is called, than 
others. Woolen goods striped black and white appear lus- 
trous to a few people, though not to most. This seems to 
be an exaggerated case of the eyes wandering over the surface 
in a jerky manner. 

With metals there is reflection from the surface and from 
a plane only: Just below the surface, this giving rise to the 
flutter ettbet. When looking at a thing which is not In Itself 


a metal, the sensation of metallic lustre will be attained more 
easily if the texture of the surface of the material resembles 
that of a metal. We also get the sensation of lustre in cases 
In which there is simultaneously a roughened surface and a 
high reflection of light. The most familiar Instance of this 
is the silvery streak which marks the reflection of the moon 
from u water surface rippled by the evening broexe. The 
wavelets make the surface of tlie water seem rough and the 
accompanying high reflection of light makes the water look 
metallic, even more metallic than the disk of the moon itself. 

Even in the liest colorcMl moving-picture films, we do not 
get the sensation of metallic lustre because both e>os are 
looking at the same linage It seems probable that this could 
be overct^mo In case the photograph.^ were taken by mt'uns of 
two or more lenses sufficiently far apart. On the other hand, 
It would he \ery easy to overdid this, with the result either 
of gel ting a hlurriHi image or of getting one with a metallic 
shine over everything, which would bo worse than the pres- 
ent arrangement 

What is probably the coh^r of <'o11olda1 imi tides Is to be 
noticed with gems. Colorless topaz: is made orange by radium 
and heating makes It colorless again Ultra-violet light 
tends to change the orange, due to the radium, to a lilac. 
Blue sapphires aie changed to yellow by radium, and yellow 
sapphires are changed to blue by ultra-violet light Sapphires 
become colorless when heated and white snpphiies are turned 
yellow by radium. In other words, In a good many oases, 
gems become colorless when heated, and the effects of radium 
and of ultra-violet are antagonistic There Is no known sub- 
stance which behaves like this wJien present in mass Conse- 
quently one is forced to the conclusion either that many of the 
gems are colored by hitherto unknown elements, or that the 
color Is due lo c^dloidal material which behaves differently 
from the same substance in mass. The second explanation Is 
the more probable one, because we know that ruby glass, whldi 
Is colored red by ctdlonlal gold, becomes colorless If heated 
too hot, and the rod color changes to blue If the glass is 
heated moderately for a long time So far, however, no one 
has duplicated in the lal oratory the color phenomenon shown 
by the gems and we consequently do not know wliat the real 
coloiing matter is In many cases 


MEAT AND MILK IN THE FOOD SUPPLY 
(Reiiort of the Committee on Food and Nutrition of the 
National Research Council. April 3, 1920) 

It has long been known, but I'lerhnps never sufflclently em- 
phasized, that the milk cow returns in the human food which 
she yields, a very much larger share of the protein and energy 
of the feed she consumes than does the beef animal. Dr. 
Arnisby, probably the loading expert of this country on animal 
iiutiltlon, has estimated (Science, August 17, 1917) that of the 
energy of grain used In feeding the animal there is recovered 
for human <'oiisuiiiptIaii about 18 per cent in milk, and only 
about i>er c<*nt in beef 

In uu official Report on the Food Supply of the United 
Kingdom, It is estimated that to produce 100 calories of human 
food in the form of milk from a good cow, n'quires animal 
feed of 2 9 pounds starch equivalent; 1(X) calories milk from a 
poor cow is esttoiitcd to retiulre the consumption of 4,7 
pounds; while to produce 100 calories of beef froiin a steer 
2% years old It is estimated that 9 pounds of starch equiva- 
lent In feed are required. 

Stated In terms comparable with those used by Dr. Armsby, 
this would mean that the good milk cow returns 20 per cent 
of the energy value of wbat she consumes, the ^oor milk 
cow 12 per cent, and the good beef steer only 0 per cent. 
Although this estimate Is more favorable to the beef steer 
than is that of Dr. Armsby, yet even in this estimate It will 
be seen that the poor v<m is twice as efficient, and the good 
milk cow more than three times as efficient as the beef steer 
in the conservation of energy in the food supply. 
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Considering the whole length of life of the animals Professor 
Wood, the leading English agricultural expert, estimates that 
the cow returns in milk, veal and beef* 1/12 as much food 
us she has consumed, while the heef steer returns only 1/0*1. 
In other words, the cow is five times as efficient as the beet 
steer as a food producer when the whole life cycle of the ani- 
mal is considered. Similarly it has been estimated by Cooper 
and Spillman {Farmers* Bulletin, No. SI 7, 1917, U. S. Depart- 
ment of Agriculture) that tlie crops grown on a given area 
may be expected to yield from four to five times as much 
protein and energy for human consumption when fed to 
dairy cows as when usc^l for beef production. As Wood has 
very strikingly shown, the longer the time that the beef 
animals are fattened on grain, the less economical the process 
becomes. 

Quite re(»cn11y Dr Armsby has polntefl out (Yale Review, 
January, 1920) that “the dairy cow shows the highest ef- 
ficiency of any domestic animal, both as regards conversion 
of food and avallaballty of the product for man.” 

Not only Is the milk cow several times more efficient than 
the beef steer In the conservation of proteins, fats, and carbo- 
hydrate for human consumption, but In the gathering and 
preparation of mineral elements and vltamlnes she contrasts 
even more fa\orably with the beef animal. It Is largely be- 
cause of its richness in calcium and In fat-soluble vitamlne 
that milk is the most efficient nutritional supplement to 
bread or other grain products. 

Meat Is strikingly poor In calcium and does relatively 
little to balance a diet consisting largely of bread or of other 
products of seeds. It does, of course, supplement the protein, 
but American dietaries would nearly always be adequate as 
regards protein even without tlie meat that they contain. On 
the other hand, dietaries containing little or no milk are 
very apt to be inadequate as regards calcium Detailed analy 
sis of the results of hundreds of American dietary studies 
shows that In practice the adequacy of the calcium intake 
depends more largely on the sufficiency of anllk supply than 
uiKin any other factor, or, in fact, than upon all other factors 
combined. 


The vi^mines furnished by hay and grains, and ^us 
sumed by cattle, are stored in the anltnala' tissuea to only 
limited extent, bnt they are transferred in relative abundance 
to the milk. Hence the vitamines of the coarse material of 
grain, not directly available as human food, are brought into 
form for man's use very efllcLently through milk production, 
and very inefficiently through the production of meat 

Thus the result of recent studies in nutrition, whldi have 
made clearer the Importance of the mineral elements, and vi- 
tamlnes, is to emphasize strongly the great desirability of a 
more abundant milk supply, even if this ertiould somewhat 
reduce the production and consumption of meat. Our present 
knowledge of nutrition Justifies more fully than ever before the 
statement that “the dietary should be built around bread 
and milk," bread or other grain products being the foods 
which furnish the most nutriment for their cost (whether 
in money or in land and labor) and milk being by far the 
most efilcient nutritional supplement to bread or other grain 
products. Therefore somewhat more of our grain crops than 
Is the case at present should come directly into human con- 
sumption to augment the bread supply, and of the grain fed 
to cattle more should be used for the production of milk, 
and less for the production of meat. 

In general, 10 pounds of grain may be expected to produce 
not over one pound of meat or about three quarts of milk. If 
the three quarts of milk cost the consumer more (because of 
greater labor cost in production) they are also certainly worth 
more to him. In so far as things as different in their nutri- 
tional properties as meat and milk can be compared, it Is fair 
to say that one quart of milk Is at least as great an asset 
in the family dietary as is one pound of meat. The per capita 
consumption of meat in the United States Is so high that it 
might be reduced by one-third or even one-half with little or 
no nutritional loss, while a corresponding increase in milk 
consumption would certainly constitute a great improvement 
in the average American dietary. We are confident that a 
moderate shifting of cflnphasls from meat to milk will help 
in the normal evolution of American agriculture and improve 
the food economy and public health of the American people. 


THE PROPER TIME OF DAY TO GATHER FRUIT. 

Thjb Bureau of Plant Industry of the United States Dopart- 
ment of Agriculture has recently published some important 
Information with respect to the hour at which fruit should be 
gathered, which Is by no means a matter of Indifference as 
might be thought On the contrary Its shipping quality has 
been found to depend upon Its temperature when plucked, 
and this naturally depends ui)on the time of day Botanists 
have long ago known that certain portions of plants are 
capable of attaining a temperalure considerably above that 
of the surrounding air. During the middle of the day direct 
sunshine frequently causes a very marked and rapid rise of 
temperature In amall fruits. This fact was noted by Messrs. 
Stevens, Nell and Wilcox with respect to huckleberries In 
1916, and Inspired fresh researches especially In 1918, with 
respet't to other fruit 

The method of investigation was as follows: Specimens of 
the fruit mentioned were gathered hourly between the hours 
of 6 A. M. and 7 P. M. on sunny days and placed in baskets, 
eedi containing about one liter. After each collection of fruit 
a thermometer was placed In the middle of the basket among 
the mass of fruit and tlie temporatute noted while at the 
same tliM.^o external temperature was registered by a con- 
trol thernleitaieter. The absolute figures are of but small im- 
portance but interesting deductions may bo derived from the 
differences noted at the same hour between the figures re* 
corded by the two thermometers. The extreme difference 
noted varied in amount and In the time when recorded 
according to the kind of fruit. But the martkoum difference 
was always registered betwen 10 A, M. and noon. 

In the case of strawberries it was 9 5* O. at 12 M. ; for a 
variety of currants It was 9.0* 0. at 12 M. ; for another va- 


riety of currants, 65® C. at 10 A M. ; for the gooseberry It 
was 4.5® C at 10 A. M. 

The minimum difference of temperature, on the contrary, 
always occurred in the morning and evening, and was almost 
nil during tiie night. An effort was also made by ineerting 
the bulb of the thermometer Into the pulp of the fruit to 
discover whether tliere was an appreciable difference in tem- 
perature between the center of the fruit and its outside, but 
this difference was usually found to be extremely slight. 
These experiments have as their object the determination of 
the reason why lots of fruit gathered In the same gardens 
at the same season, only a few hours apart and in practically 
the same conditions of weather, sometimes arrive at market 
in a very different condition, although packed and shipped as 
soon as gathered in all cases, and after the same number of 
hours of travel. 

Records kept for fifteen years with respect to peaches (a 
very fragile fruit) have shown that peaches gathered In the 
middle of the day usually bear shitting badly and we are 
forced to the conclusion that the keeping qualities of small 
fruits depend upon their temperature when gathered, 

Ocmsequently, horticulturists are advised to avoid the hot 
hours in the middle of the day for gathering fruit, particu- 
larly upon sunny days. In cloudy weather the hour of gath- 
ering Is of less importance. The early hours of the morn- 
ing, after the comparative coolness of the night are best of 
all. Ckmtrary to what one might think it is far better, in 
case the train upon which the fruit Is to be shipped does not 
reach the nearest station until midday, to gather the fruit 
early and keep It properly wrapped In baskets In the shade, 
rather than to leave It upon the trees until 10 or 11 o'clock 
with the Idea of shipping it that much fresher. 
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THE IMPORTANCE OF SPARK PLUGS. 

Tas Importaiice of the ignition system in the operation of 
Internal combustion engines is known to all users of automo- 
biles^ but only recently has such apparatus been subjected to 
scientific iuTestigatlon. 

During the war, it was discovered that the faulty opera- 
tion of airplane engines appeared to be due very often to the 
improper functioning of the ignition system and particularly 
the spark plugs. 

The importance of the problem was such that the Bureau of 
Standards was asked by the National Advisory Ck>minittee for 
Aeronautics, In November, 1916, to undertake a study of the 
causes of failure of spark plugs, and to develop, If possible, a 
superior type of plug. It was apparent that a great deal of 
the trouble In spark plug operation was due to the use of 
an imperfect insulator and the Bureau’s efforts were, there- 
fore, largely directed towards the perfecting of a more sat- 
isfactory form of spark plug porcelain. The program which 
was finally adopted consisted in the making of a large num- 
ber of samples of insulators by the Ceramic Laboratory of 
the Bureau which were then tested for their electrical proper- 
ties by the Electrical Division of the Bureau. 

As a result of this work, an Insulator was produced which 
proved in laboratory and service tests to be superior to any 
heretofore used. The formula for its composition was given 
to the manufacturers and spark plugs using it are now being 
produced commercially. 

The methods of testing spark plugs are based on service 
requirements. To be perfectly satisfactory, a spark plug 
ought to be able to cause a spark to pass between its points 
under the worst conditions existing in the engine cylinder. 
This requires that the insulation between the central electrode 
and the outer shell of the plug shall maintain its non-conduct- 
ing properties throughout a wide range of temperatures and 
when covered with oil or carbon. The voltage across the gap 
must be high enough to cause the passage of a spark through 
the highly compressed gas in the cylinder and sometimes even 
when a drop of oil adheres to the sparking points; likewise 
the plug must be gas-tight. 

It is perhaps not generally known that while the actual 
leakage of gas through a faulty plug is not large enough to 
appreciably affect the power developed by the cylinder, it does 
cause rapid deterioration of the plug Itself, due to the over- 
heating and subsequent breakdown of the insulator. Absolute 
gas-tightness is, therefore, one of the essential requirements 
of a satisfactory plug. Besides the requirements above out- 
lined, a plug should be easy to clean and this requires that it 
be simple in construction and readily taken apart. 

Many commercial spark plugs which possess excellent prop- 
mies along one of the above lines are defective in some other 
respect, so that as a whole the service which they render is 
not satisfactory. 

The tests carried out by the Bureau of Standards included 
ones to determine the electrical resistance of the x>orcelaln In- 
sulators under various temperature conditions, the gas-tight- 
ness of the plugs, and their ability to stand up under me- 
chanical shock, beside actual tests under operating conditions 
In engines. 

For the electrical tests of the porcelain, the actual Insu- 
lator or a special cup-shaped specLmeu made from the insulating 
material was placed in a small furnace in which It was heated 
to a high temperature while at the same time the Insulator 
formed part of an electric circuit The temperature at whldi 
the material ceased to be an insulator/ under the given elec- 


trical conditions was thus determined. The testa upon the 
cup-shaped specimens are, In general, more satisfactory than 
those on the finished Insulators, as the conditions may be more 
readily controlled. 

In order to determine the gas-tlghtncsa, the complete spark 
plugs were screwed into a steel pipe connected with a source 
of compressed air. This pipe was immersed in an oil bath 
heated by electricity. If the plugs leaked under the air pres- 
sure, bubbles appeared at the surface of the oil. A graduated 
bell Jar was placed over each plug and the displacement of 
the oil by tbe air In a given time could thus be determined. 
In this way, the leakage of completed plugs could readily be 
calculated. 

A special machine was constructed for determining the re- 
sistance of spark plugs to mechanical shock. It consists es- 
sentially of a hammer into one side of which the spark plug 
is screwed. This hammer is dropped through a definite height 
upon a steel anvil by means of springs and a revolving cam 
mounted on a shaft and driven by a small motor. The blow 
was repeated a fixed number of times per minute and the 
spark plug which stood up the longest under these repeated 
shocks was considered to be the strongest mechanically. No 
laboratory tests can, of course, ever be as satisfactory as 
actual service on an engine in determining the suitability of 
such a device as a spark plug. This was recognized by the 
Bureau and the engine tests which it conducted were very 
complete. 

In connection with the engine work done in the altitude 
laiboratory, It was possible to investigate the behavior of 
spark plugs under the actual conditions met with in flight at 
high altitudes. Plugs were also tested in airplane engines 
under ground conditions and in typical automobile engines 
Several reports have been issued on this subject in connection 
with the National Advisory Coramlttee for Aeronautics and 
have been combined lu the Fourth and Fifth Annual Reports 
of that Committee. 


THE TESTING OF AIRPLANE RADIATORS. 

Likk the ignition system, the radiator is an extremely im- 
portant portion of the aircraft power plant. It is true that a 
considerable number of such engines are air-cooled and thus 
are able to dispense with a water-cooling system entirely, 
but the typical airplane engine of today Is, nevertheless, a 
water-cooled machlna There are some difi&culties connected 
with the water circulating systems and radiators used on 
automobiles and these difficulties are magnified many times in 
the case of an airplane. The speed of the average motor car 
is not sufficiently high to warrant the making of any great 
effort toward reduction of wind r<^lstance. If the radiator 
will cool the circulating water sufficiently to keep the engine 
at a proper working temperature when the ear is moving at 
an ordinary rate of speed, it is all that is necessary. These 
requirements, simple as they appear, however, necessitate some 
care In the design of the radiator. They require the exercise 
of the highest degree of skill and the use of all the available 
information on tbe subject when it comes to the designing of 
a successful radiator for airplanes. 

On air craft tbe elimination of every ounce of superfluous 
weight is of the first importance. This has resulted in the 
use of engines which deliver a very great amount of power for 
their size and necessarily results In an engine operating at 
high temperatures. The cooling of such an engine is in many 
respects a difficult problem even If it had to be accomplished 
wholly under the normal conditions existing at the earth's 
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surface. To successfully accom^kllsh iL both when the plane 
Is flying near the earth and when It is operating at high alti- 
tudes and low temperatures, requires, as before stated, the 
highest degree of skill. Then, too, the modern airplane travels 
at a very high rate of speed, often well over 100 tulles per 
hour, and every bit of unnecessary head resistance ought to 
be avoided. It Is probably not generally known that an un- 
suitable type of radiator, perhaps badly located on the plane, 
will absorb from 10 to 20 per cent or more of the total power 
of the engine, and wliere every bit of p<rwer should be made 
available for useful work, this is a serious loss. 

Early in the war, It was evident that many types of radi- 
ators, not well fltted by design and construction for use on air- 
planes, were being employed on our machines It was with 
the idea of discovering, If possible, the most suitable type of 
radiator for military airplanes that the Power Plants* Com- 
mittee of the National Advisory Committee for Aeroanutlcs 
requested the Bureau of Standards to thoroughly Investigate 
this problem. This work has been continued from May, 1017, 
when It was commenced, to the present time, and a great deal 
of extremely valuable data have been collected. 

The Bureau has used in this work three types of wind 
tunnels and has received from the various radiator manufac- 
turers over 100 specimens of their products* One of the wind 
tunnels is the large 04-inch tunnel constructed about two 
years ago. This tunnel is provided with two aerodynamical 
balances, one of which is rugged enough to serve as a mounting 
for specimens of radiator core Within this tunnel have been 
determined the head resistanoe of the various specimens sub- 
mitted. The flow of air through the radiators in terms of 
speed of the air stream has likewise been determined in this 
tunnel. The securing of this information was attended with 
considerable difficulty, but by means of a special small sized 
Venturi tube attached to the rear face of the radiator. It was 
successfully accomplished. 

The two other tunnels are of small size and were used for 
the determination of the efficiencies of the radiators as cooling 
devices. The first of these tunnels which was constructed 
consisted of an alr-tlght tank within which was mounted a 
smaller wooden air passage open to the tank at both ends 
and in the center of which the specimen radiator core was 
placed. The same air was continually forced through the 
radiator and returned along the interior of the outer tank by 
a blower driven by a belt from an electric motor. As the 
entire outer tank was alr-tlght, the air could be withdrawn 
from it by means of a vacuum pump to simulate the low at- 
mospheric pressure met with at high altitudes. Through the 
radiator core hot water was forced by a centrifugal pump and 
the rate of cooling of the water at a given air speed was 
thus determined. The air within the tank was cooled between 
each successive passage through the radiator, by means of a 
honeycomb mounted at one end of the wooden air duct This 
tunnel was rather difficult to operate as a run required a 
nutiffier of hours due to the fact that It was a long while 
after the starting of the motor before stable conditions were 
reached within the tank The second small tunnel was, there- 
fore, built. This was entirely open and consisted merely of 
a wooden box-like structure, the passage through which was 
blocked by the radiator core. At one end of the air passage 
thus formed, a blower was placed serving to draw the air 
through the radiator. Instead of using water in the radiator 
core, superheated steam at atmospheric pressure was em- 
ployed. It was found that the heat transfer could be deter- 
mined as accurately through the use of steam as when using 
water, and k test could be carfled out with this apparatus in 
a very much shorter time. 

Through these tests on head resistance, air flow, and heat 
transfer, it has been possible to state what should be the prin- 
cipal characteristics of a satisfactory airplane radiator. It is 
obvious that low head resistance and high heat transfer are 
necessarily conflicting requirements and the most successful 
type of radiator to employ is the one which hits the happy 
medium between these two opposite extremes. 


The Bureau has been able to assign a so-oalled figure of 
merit to ea<fli type of radiator tested. This figure of merit 
expresses the horsepower dissipated by the radiator in terms 
of the horsepower absorbed, and, therefore, states in briefest 
possible form the suitability of the devices for airplane cooling 
purposes. The results of the Bureau’s work in this itiA 
have been Included in the series of Aeronautic Power Plants 
Reports issued jointly by the Bureau of Standards and the 
National Advisory Committee for Aeronautics, and have been 
well received by most of the manufacturers of radiators^ 
While particularly applicable to aircraft work, many of the 
facts discovered are of importance to the designers of this 
class of apparatus for motor car and other uses. 


A NEW FORM OF VIBRATION GALVANOMETER. 

ViBBATioN galvanometers are very useful in a. c. null 
measurements, but have not been much used in indus- 
trial laboratories on account of their being sensitive to 
external vibrations and requiring delicate adjustments. The 
present instrument, which has a sensitivity higher than other 
forms of the moving-iron type, but less than that of the most 
sensitive forms of the moving-coil type, has the advantages of 
sturdiness, quick responsiveness, and freedom from the effects 
of external vibration. It consists essentially of a fine ste^' 
wire mounted on one pole of a permanent magnet and so ar- 
ranged that the free end of the wire may vibrate between the 
poles of an electromagnet through which flows the current to 
be detected The motion of the wire is observed with a micro- 
scope. 

The ^’resonance range** is about one per cent ; that Is, If the 
frequency of the current is one per cent above or below the 
frequency of resonance the amplitude of vihratlon will be half 
as great as resonance. The sensitivity is such that with a 
1-ohm winding an e.m.f of 3 microvolts may be detected, and 
with a 270-ohm winding a current of 0.06 microampere can 
readily be detected. 


TWELFTH ANNUAT. CONFERENCE ON WEIGHTS 
AND MEASURES, 1019. 

The Annual Conference on Weights and Meastires Is a 
national organization composed of State and local weights 
and measures officials throughout the United States. This 
body meets annually at the Bureau of Standards, Washington, 
D, C , for the purpose of discussing and solving problems 
relating to weights and measures, such as uniform legislation, 
rules and regulations and methods of enforcement of weights 
and measures laws, specifleutious and tolerances for all com- 
mercial apparatus, and the proper inspection and test of appa- 
ratus, etc. The present meeting was the twelfth one held, 
and the first since 1910, tlie sessions having been discontinued 
during the war. This report, which is u stenographic record 
of the proceedings, Includes all xmpers t*cad and resolutions 
adopted. Perhaps the most important single accomplishment 
of this Conference was the discussion upon and the tentative 
adoption of a set of Kpecifleations and tolerances for liquid- 
measuring pumps, especially those used In the sale of gasoline, 
kerosene, etc. It was agreed by the members that these should 
he thoroughly studied and tried out in the field and that final 
action upon them should be taken at the next meeting. The 
unsatisfactory condltton of liquid-measuring pumps in all 
parts of the country rendered action on this Important sub- 
ject imperative if the purchaser was to receive the correct 
amounts. 

Conslderatton was also given to a number of other sub- 
jects of {importance, Indudlng the larogresa made In the 
various States and cities ; the necessity of the Federal regula- 
tion of type of apparatus; the proper metiiod of sale of Ice 
and wood; the testing of railroad trade and mine scales; the 
marking of wrapped hams and bacon with the net we^t; 
the standardisation of shif^g containers; and the adoption 
of the metric system of weights and measures. 



Progress in the Field of Applied Chemistry 

Notes Culled from Current Technical Literature 


FUMES AND FOOD. 

The statc^nient has frequently been made that much of our 
industrial research has received its Impetus from litigation or 
legislatloa whldh threatened the extinction of noxious waste- 
producing Industries. In the vicinity of certain smelters co- 
operation among the farmers brought about a aeries ot damage 
suits based upon injury to crops by smelter fumes, largely 
compounds of sulphur. A long series of experiments has con- 
vlnced the smelter authorities that certain crops are damaged 
by the fumes, although in this case, as elaewbere. plots of 
the slime material growing side by side were not always simi- 
larly affected by the sulphur fumes. 

It has been known fur some time how to utilize such fumes, 
us for example, in the manufacture of sulphuric acid, and 
had the smelters been located near the large consuming mar- 
kets, this opportunity to make sulphuric acid cheaply would 
never have been overlooked. It has not been possible to ship 
sulphuric acid such distances and compete with manufacturers 
nearer the market. 

A plan has been evolved, however, which seems to afford 
the long-desired solution. There are great deposits of phos- 
phate rock to be found sufficiently near these smelters to allow 
it to be laid down at the plants for not over $5 a ton. In 
making super-pbosphate fertilizer the usual practice is to 
use a ton of rock and a ton of sulphuric acid, producing two 
tons of super-phosphate This material Is sold on the basis of 
the available phosphate wntent and the treatment Just men- 
tioned does not produce an amount of phosphate which will 
stand the same long freight haul which makes the manufac- 
ture of sulphuric acid Itself uneconomical at those points. 
By using a much larger quantity of add the reaction with 
the phosphate rock can be carried to the point where syrupy 
phosphoric add is produced and since the smelters can make 
sulphuric add at a price reported to be about $5 a ton, they 
can of course use the large quantities necessary to carry 
through this last-named reaction. Now If a further quantity 
of phosphate rock Is treated with this syrupy phosphoric add, 
a double super-phosphate is produced which runs m lilgh In 
tmsphate that it will stand transportation charges to carry it 
to a world-wide market. 

There is n grout demand for phosphates in Euroi>e and In the 
Orient, us well as among our own agricultural states, and It 
would appear that the fumes which have long been a nuisance 
may now make possible the utilization of rich phosphate rock 
deposits which in turn will produce a marked increase in the 
world food supply. 


THE ORGANIZATION OF INDUSTRIAL SCIENTIFIC 
RESEARCH. 

The McGraw-Hill Book Company, Inc., has Just published 
**The Organization of Industrial Scientific Research” by Dr. 
C, B. K. Mees, who has long been concerned In the study of 
such organizations and in putting Into effect the results of 
tWs study. The book is intended to answer practical questions 
of the manufacturer who, having been convinced that the ap- 
plication of science Is necessary for the progress of his busi- 
ness, desires to know the probable cost to estobltsh and main- 
tain soefti a laboratory, where a suitable staff can be secured, 
the lines of work that Should be pursued, how soon and to 
what extent returns may be expected, how the laboratory 
should be organized, and what place In the established organi- 
sation the new department should occi^y. The book discusses 
the general question of research and how it Aould he con- 
ducted, Its purposes and some of the resulta which have come 


from research, and then gives particular attention to types of 
research laboratories, cooperative laboratories, the "position 
of the research laboratory in an industrial organization, the 
internal organization of Industrial research laboratories, the 
staff of research laboratory, the type of building and how It 
should be equipped, and suggestions as to the direction of the 
work of such a laboratory The entire discussion Is illus- 
trated with organization charts and diagrams which are very 
useful and serve to emphasize the points made in the text. 
As an example of how the principles discussed work out in 
practice, a chapter is devoted to tlie design of a research 
laboratory for a spedfle industry. Finally there Is an ex- 
tensive bibliography and an author’s index, as well as an Index 
of laboratories to which reference is made in the text, all of 
which will be found very useful. 

A hook of this character coming, as it does, from the head 
of a great industrial research laboratory, is welcome at this 
time when the establishment of rescardi organizations and 
laboratories throughout the world Is being taken up so se- 
liously. There are a few men who have likewise studied this 
same problem, who are capable of giving sound advice on the 
subject; but we have had no adequate printed discussion pre- 
vious to the appearance of this work, and it is to be expected 
that manufacturers in general will find in it a great deal of 
interest, helpfulness^ and value. 


PHOTO-CHEMISTRY. 

Those who aliendud the lectures t)f the Eighth International 
Congress of Applied Chemistry will always rememlier the de- 
lightful and Interesting lecture upon photo-chemistry by the 
Italian representative. The part which light plays in a host 
of cheniiicul reactions has long been rc<*ognlzed, but not until 
recently has anyone ventured the statement that light has a 
nuire profound effect upon the growth of plants than does 
temperature. 

W W Gamer and H A Allard, scientists in the Bureau of 
Plant Industry, U S Department of Agriculture, have con- 
ducted exhaustive experiments which may prove of the highest 
importance In the future planting of crop systems for different 
regions exeniuuUy based no doubt upon the world require- 
ments for food stuffs It may even be found tfliat the animal 
organism Is also capable of responding to the stimulus of light, 
and experiments which have been conducted upon hens with 
artificial light may prove eventually to have been founded on 
much letter scientific bases than the humorists have led us 
to belic\c. 

GreenhouHe experiments, uciordlng to an annouu(*ernent of 
the Department of Agriculture, prove that the flowering and 
fruiting period of practically any plant can be made to take 
place at any time of the year by lengthening or ^ortening the 
day, as may prove to be required. This may be accomplished 
by darkening the house in the morning and evening to obtain 
a short day, or artificial light may be used to lengthen the 
period of light. 

Heretofore we have considered temperature as the controll- 
ing factor deciding which were the spring flowers and to 
bring about the migration of birds, but it now seems that sudh 
phenomena may be a function of the length of the day. It 
has been found that some plants will not reproduce except 
when exposed to the favorable length of day, although too 
much day light for flowering and fruiting might stimulate 
profuse vegetable growth. When a length of day well suited 
to both growth and fruiting obtains, then we have the ever- 
bearing type of plant. The scientists quoted have forced cer- 
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tain plants to complete two cycles la one season and soy 
beans, exposed to the light for only five hours a day, flowered 
nearly three months earliei* than plants left in the light all 
day. They attained only one^clghth the height, however. 
Iris kept in artificial light for eighteen hours a day bloomed 
in two months. 

The new principle may explain why many plants grow so 
successfully near the northern limit of their range. In such 
latitudes the long day permits maximum vegetative growth, 
after which the short day intervenes and starts reproduction. 
That toniperature seems to exert on the whole a fur less In- 
fluence is shown by the fact that plants kept in the dark for 
a part of the day could be made to undergo the changes 
of autumn in mid-summer, notwithstanding the fact that fre- 
quently the temperature of the greenhouse was higher than 
that outside. 

Scientists have frequently been puzzled by the behavior of 
crops attempted in locutions new to the plant, and it would 
seem tiiat tlds influence of light may have been a factor of 
great importance to which full consideration was not given. 

The chemist in Ms laboratory frequently reckons with light 
in conducting his experiments and apparently nature in her 
laboratory finds the need even more urgent. What a tremen- 
dous scope for new research is opened by these latest discov- 
eries in photo-chemistry! 


NAMES OF DYES 

In a recent number of the Color Trade Journal^ Dr J. 
Mathews describes in detail tlie basis for the present compli- 
cutod nomenclature of dyestuffs and as synthetic dyes have 
come to ocrupy so large a portion of our attention, It may he 
well to give an outline of the evolution of these names. 

In the beginning practically all dyes wore given names in- 
tended to indicate some particular quality, such as fuchslne, 
malachite green, etc. Occasionally a color was named for 
some historical character, giving us Victoria blue and Bis- 
marck brown. About the same time It became the habit to 
indicate by tlie name something of the use of the dye-stuff, 
and we have cloth red, chrome black, and acid magenta. The 
chemical nature of dyes soon became indicated by the name 
assigned, some of them, such as tartrazine, denoting the deri- 
vation, which in this case is from dioxy- tartaric acid Methyl 
violet, dlazo black, and azo rublne are examples 

As the nunjber of synttietlc dye manufacturers increased, 
they began to give very different names to the same product, 
in UiQ hope that they might establish a proprietary or trade 
name which would be of value to them. For example, there 
are at least seven names for direct cotton blue, each name 
indicating a different manufacturer; the dye-stuffs are practi- 
cally Identical. Such a system could not fail to lead to 
great confusion and this has Increased until manufacturers 
have now endeavored to systematize nomenclature by giving 
class names to the various lines of products. Thus, the sul- 
phur dyes have received special class names as follows, each 
indicating a different manufacturer; sulphur colors, Imniedlal 
ci>lors, thlogene, katlgen, kryogene, and tlUon. All of these are 
of German origin and the number has been increased by the 
establishment of new dye houses in Scotland, England and 
America. We now have Erie colors, pontamlne colors, amanil 
colors, auwloo colors, etc. 

We frwiuently find numerals and letters occurring after 
the names of dye-stuffs, these being private marks used by 
the ?nanufacturer In identifying the color. These frequently 
refer to th« particular shade. Thus, B Indicates a blue tone, 
R, a reil one, G, green, and Y* yellow. Methyl violet B and 
methyl violet BB or 2 B, would indicate that the last-named is 
somewhat bluer in tone than the former. Acid yellow G and 
add yellow R shows that the foremer has a greenish tone, 
while the red in the second gives more of an orange shade. 
X is used to Indicate concentrated type. Then, we have W 
as the sign of a wool dye, 8 to indicate ready solublUty, and 
L a type of dye fast to light. Where numerals are used, they 


indicate differences In strength. Anramlne O means the pure 
strong type, while AuranUne 1, 2 or B, refers to dyes more 
and more dilute. 

OThis would seem to be complication enough, but mixed dyes 
add another chapter. Thus, a green dye may have been made 
by properly mlsctng a yellow and a blue, each of which already 
hud names of Uielr own. Formyl blue B is a bright blue 
dye-stuff derived from formyl violet S 4 B, with a second dye 
so chosen as to give the desired blue in the final mixture. 
These mixed dyes have been necessary in order to meet the 
demand of the dyer who works largely from a standard 
color card. 

The nearest attempt to a real classification and system of 
dye nomenclature is represented in dye-stuff tables compiled 
by Schultz, the last edition of this work being In 1914. There 
are of course many dyes which cannot be found In these 
tables, but they represent an effort in the right directloa and 
eventually wo may have some satisfactory scheme for Identil^- 
ing and maintaining familiarity with the large and ever-in- 
creasing dye family. 


ANALYSIS BY ELECIROLYSIS. 

A MKTHon for determining the percentage of carbon in 
steel, dependent upon the change of electrical resistance 
brought about In a standard solution by the precipitation into 
It of anotlier substance, has been devised by J. R. Cain and 
J. C. Maxwell. It is claimed that the method Is accurate to 
within 01 per cent. The substance precipitated in the stan- 
dard solution is in this case the carbon dioxide obtained by 
the direct combustion of the steel. The standard solution is 
barium hydroxide of known electrical resistance. The equa- 
tion Involved is barium hydroxide plus carbon dioxide equals 
barium carbonate and water, and the Increase In the resistance 
is due to the precipitation of the barium as carbonate. This 
principle is said to be new and the apparatus used Is also 
unique. The method seems to offer many advantages for 
technical work over the methods heretofore employed for 
the measurement of electrolytic resistance. Former methods 
require a complicated and exi)en8ive set of apparatus, while 
the new method is much simpler. The nomograph is used 
for the grapldcal representation of the resistance data and 
tthe use of special conductivity cells with adjustable electroiles 
to facilitate the manufacture of any number of such cells 
without the same cell’s being constant, is a new feature. The 
method is described in a recent issue of Iron Age. 


GREASE RECOVERY. 

The attention of many chemists has been turned toward the 
recovery of grease from various waste materials, usually by 
the solvent extraction process. The treatment of trade or mu- 
nicipal efRuence containing grease is always a matter of eco- 
nomic Interest and value, especially where wool textiles are 
manufactured. Doubtless a large part of the oils and fata 
used in the form of soap might be recovered from the sewage 
of towns, especially those In textile districts. ^There is a fur- 
ther waste of animal fats from kitchens and in the city of 
New York, where garbage has been sorted and graded with a 
view to the recovery of fats, revenue was produced even in 
pre-war times. 

The solvent extraction process applied to oil cake of seed- 
crusOilng mills, has given us the second and third grade oils, 
but it has not been so extensively used on sewage and where 
other low-grade oils and greases might be recovered. Grease 
of this <^Rracter has been recovered by acidification and 
steam pressing of the resultant magma, but independent re- 
ports now show that even this process has been carried on 
very indifferently In most instances. There appears to be one 
principle upon which the etRclent and thorough extraction of 
grease may he said to depend, and that Is by the use of a 
volatile solvent, which can then be recovered for ro-use by the 
employment of a satisfactory stiU. 

In England the process is carried on as follows; ^'Having 
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carefully arranged the perforated plates and canvas, the bot- 
tom door of the extractor is closed and Jointed upon the ex- 
tractor body. A charge of dry material Is then fed through the 
top manhole into the extractor, and the manhole door carefully 
secared upon the Jointing, The quantity of material which 
can be worked at a charge in a given extractor has been found 
to vary with the nature of the material. If the material con- 
tains a large proportion, say, 46 to 55 per cent, of mineral 
matter, such as sand and dirt, it is possible as a rule to work 
with an extractor 8 or 9 feet in depth and to have almost 
thorough extraction, because of the openness and stability of 
the material. 

*'With a material containing 26 per cent of mineral matter 
and a large quantity of organic matter In addition to grease, 
It may only be possible to work with a depth of 4 to 5 feet of 
materiaL This is because the material when saturated with 
the solvent tends to disintegrate and settle down into a com- 
pact mass upon the {perforated plates, which, if a great weight 
of material is used, become choked, with the result that the 
upward circulation of the solvent and the passage of the 
grease downward into the bottom portion of the extractor are 
prevented, thus causing very indifferent extraction to occur. 
With material of this character It is necessary that the diam- 
eter of the extractor should be large In comparison with the 
height, so that the pressure of material on the perforated 
plates is not too great. 

“The next operation Is to run a volume of solvent, 100 to 
150 gallons, from the storage tank into the lower portion of 
the extractor. Steam Is then gradually turned into the closed 
ooll and the solvent gently evaporates, rising through the 
perforated plates into the material and Anally through it Into 
the condenser. The liquid from the condenser then passes 
onward through the separator, the solvent returning to the 
storage tank. In this manner the whole mass of material be- 
comes heated and saturated with solvent, and there is then a 
continuous percolation of grease dissolved In the solvent down- 
ward through the perforated plates and into the lower part 
of the extractor. 

“Fresh supplies of solvent are admitted from the storage 
tank to the extractor from time to time, so that a steady 
stream of liquid runs Into the separator. This process is con- 
tinued for 0 to 10 hours, according to the weight and nature 
of the material; by this time practically the whole of the 
grease will have been brought down Into the lower part of the 
extractor. Further additions of solvent are then disfxmtinued, 
and the steam coil is gradually turned on full until the Aow 
of solvent from the condenser almost ceases. The lower part of 
the extractor then contains a saturated solution of grease 
This is next removed to the still by closing the vapor valve 
on the extractor and admitting a little open steam until a 
pressure of 2 to 3 pounds is shown on the gage. The valve on 
the pipe connecting the extractor to the still is lihen opened, 
and the grease solution is forced by the pressure from the 
extractor to the still. If the material Is rich in grease, this 
blowing-out process may have to be carried out two or three 
times during the extraction process, as well as at the finish.** 


ENAMELLED APPARATUS. 

In the Journal of the American Ceramic Society, Mr. Emer- 
son P. Poste discusses the manufacture of enamel-lined appa- 
ratus. It is difficult to estimate the importance of this class 
of material, not only In the chemical manufacturing plant and 
laboratory, but in the hospital and household. There are 
several rather distinct lines of manufacture, some of the 
bron ihapes being coated with a vitreous enamel, built up by 
eev^al coats, such as a ground coat and cover coats, and 
the gloss-lined material now to be found in the form of tanks 
and more Intricate shapes. 

There is great need for te^nical control not only in the 
manufacture and application of the enamels, but In the prei>- 
aration of suitable shapes upon which to place these burned 
enamels. Obviously over-burning and under-burning must be 


avoided. There are many questions of coefficients of expan- 
sion, uniformity of burning, etc., that are particularly 
important. 

Enamels are usually made up on molecular formulas, and 
the article mentioned indicates u number of typical formulas. 
The raw materials which enter Into the type of enamel usually 
placed upon a cast-iron or pressed steel shape may contain 
various proportions of some of the following: soda, borax, 
saltpeter, Chile saltpeter, lead oxide, zinc oxide, tln^oxide, 
calcspar, barium carbonate, magnesium carbonate, fefdspar, 
fluorspar, cryolite, quartz, manganese dioxide, and cobalt 
oxide. In addition, clay or sand is sometimes added in the 
mill in which the frit Is ground. 

The growth of the chemical Industry has introduced many 
new problems In the manufacture of enamel-lined apparatus, 
for acid-resisting enamels must be used In apparatus to be 
provided with various complicated connections, stirring appa- 
ratus, and similar unusual equipment. 


REFRACTORY MATERIALS FOR COKE OVENS. 

The British Clay Worker gives some specifications relative 
to refractories suitable for coke oven const mctlon. The special 
qualities required are: resistance to high, prolonged heating, 
either under normal or Increased pressure; resistance to me- 
chanical abrasion; resistance to sudden changes of temiicra- 
ture; Impermeability to gases, and resistance to chemical 
attack, especially by sodium chloride at high terniieratures. 
Fire Olay brick are extensively used In England, because 
washed coal is fired into the retorts and this contains about 
fifteen per cent moisture. Fire clay brick are more resistant 
to moisture than are silica brick In the United States the 
coals are either not washed or are partly dried after washing, 
and usually contain not more than five )?er cent of moisture, 
BO that silica brick, which are superior In heat conductivity to 
fire brick, are used The fire clay brick used In coke ovens 
contain a higher per cent of silica than most fire clays and 
are made by mixing a siliceous material with a high-grade 
fire clay 

In a satisfactory brick the silica content will not be less 
than eighty per cent, while ferric oxide should not exceed 
two per cent. The total alkali should be leas than 1.3 per 
cent, with the lime and magnesia about 0.6 per cent 

Fine-grained material Is generally less satisfactory than 
the coarser grained, and Is less resistant to chemical attack. 
Coarse-grained material also withstands sudden changes of 
temperature better, and grain size obviously affects porosity, 
permeability, and heat conductivity. The finer grained re- 
fractories on the whole withstand mechanical abrasion the 
best 

By washing the coal with hot water most of the soluble 
salts, such as sodium chloride, are removed and the life of 
the refractory Is thus prolonged. The fluxing effect of coals 
has been tested by heating pieces of fire clay In a small crucible 
with samples of the various coals. The fire clay is then 
washed free from the soluble salts and the percentage of 
alkali reckoned as potassium oxide determined, making due 
allowance for that present Initially in the fire clay. In every 
Instance the experiments with unwasdied coal yielded a higher 
percentage of alkali In the clay and similar experiments to 
determine whether moisture favors the action of salts on coal 
show that it does nuaterlally Increase such action. 


UNSOUNDNESS IN CEMENT, 

Thebe has been considerable discussion in Concrete rela- 
tive to the cause of unsoundness in Portland cement. Accord- 
ing to the observations of R. K. Meade, an authority, it is 
difficult to make sound cement from raw material high In 
Iron, Excess of fluxes is of little assistance in producing sound 
cement and the free lime In the porous clinker should hydrate 
in the 24-hour storage period of the test pat. It is the belief 
of Mr. Meade that neither the free lime theory nor the dusting 
clinker theory ore entirely acceptable. The dusting clinker 
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ts usually produi^ed by a relatively hlg^ silica mix. lime 

cements are very apt to be unsound and they also have the 
{Creutesl quantity of cohesive constituents. Gypsum, plaster 
of Paris, or calcium chloride, added to the cement, often make 
It sound and concrete may become sound with age. As the 
author observes, many of the theories on cement are unsatis- 
factory, because while they explain some phenomena quite 
well, they fall entirely lu the case of others 


PULVERIZED COAL 

J-v the last issue of Chcm4cal Age, under the title “Fore- 
casting the Fuel of the Future,'* there is an Interesting dis- 
cussion of pulverized coal and Its application. Many fields of 
usefulness for this grade of fuel were found: first, where In 
any one Installation the fuel consumption is at the rate of not 
less than eighty tons a day; second, where an Inexpensive 
source of low-grade fuel Is available ; third, where the charac- 
ter of the coal is such that It cannot be efficiently handled In 
the ordinary way, either because of Its size or friability; 
fourth, where operating practice requires special facilities for 
heat control; and fifth, especially where gas is available for 
use with pulverized coal when peak-load conditions must 
be met. 

The factors which have to be taken into consideration when 
burning pulverized coal In suspension are a sufficiently low 
velocity of fuel travel through the combustion zone in order 
that the complete reaction may take place, a refractory fur- 
nace which will assist in maintaining a proper temperature, 
the admission of air containing free oxygen, and the disposi- 
tion of the gaseous products of combustion and of the ash. 
Any coal reduced to particles of a size to promote quickly the 
chemical reaction which we call combustion, and then passed 
through a zone of the right temperature, will burn satisfac- 
torily In suspension, and this makes possible the efficient utili- 
zation of a great quantity of low-grade fuel which heretofore 
has not been drawn upon very extensively. 

The principal points in the pulverizing of coal are given as 
follows: From the storage hopper coal is fed Into a crusher 
that will produce lumps passing a three-quarter by three- 
quarter Inch screen or smaller. The lumx>8 are then passed 
over a magnetic separator, which removes stray Iron whicli 
might cause trouble in the pulverizing equipment. The coal 
thus cleaned la stored and dried on its way to a dry coal 
storage bln, from which It feeds by gravity to the pulverizer 
The rate of feed Is controlled to prevent fioodlng the pulver- 
izer, and after pulverizing, the c*oul goes again to a storage 
bln located ns nearly us possible to the point of utU 
mate consumption. It is to he seen, therefore, that the Instal- 
lation Is a series of reservoirs, each of which should have suf- 
ficient capacity to permit operation Irrespective of what takes 
place in the set of equipment Immediately preceding It. 

In the cement Industry many millions of tons of pulverized 
coal have been handled by means of screw conveyors without 
damage and we must realize that pulverized fuel in mass is 
neither explosive nor highly combustible, and that danger Is 
eiimimtered only when, like other readily oxldlzable dust, it 
Is in suspension in air. 


AMERICAN DRUGS. 

It is well known that we have depended upon tlio importa- 
tion of crude drugs for nearly all of those used in pharma- 
ceutical preparations. Comparatively little consistent work 
extending over long periods has been undertaken either with 
the purpose of introducing foreign drugs or of so Improving 
domestic varieties that their potency could be increased. 
There have been a few exceptions to the general apathy to- 
ward American grown drugs and at the University of Wiscon- 
sin a pharmaceutical experiment station has been established. 

The cultivation of medicinal plants tor other than in- 
structive purposes was begun there in the spring of 1008. 
Since then a number of other universities have begun the 
cultivation of medicinal plants with reference to ihetr eco- 


nomic aspect and more lately, the cultivation of such {dants on 
a commercial scale has been undertaken by certain pharma- 
ceutical manufacturers. Another experiment embracing some 
twenty acres has been established under the auspices of the 
Institute of Industrial Research, where both the Introduction 
of foreign medicinal plants and the improvement of domestic 
plants has been under study. 

The experiments at Wisconsin are carried on in codperation 
with the Federal Government, the state, and are supported by 
fellowships. Besides plant-breeding experiments and the 
growth of a considerable number of plants, experiments have 
been conducted with reference to distillation and other pro- 
cesses for obtaining values ftom the various crude drugs. 

On the whole the possibility of providing several of the 
much needed drugs has been established, and the time has 
come when such experiments deserve extensive encourage- 
ment and substantial aid. 


ZIRCONIUM. 

The unusual properties of zirconium and its compounds 
make the element an unusually attractive one for research 
and experiment Zircite la being extensively used in refrac- 
tories, eBi)eelally unusual types of furnace linings and tubes 
for pyrometers. Ferro-zirconlura Is proving of unusual inter- 
est in the steel field now that it has been determined that 
zirconium and its alloys dissolve completely in the molten 
steel. The ferro-zlrconium thus obtained has a very high 
strength and possesses qualities which make It desirable in 
the manufacture of armor or similar sheet metal for de- 
fensive purposes. 

A recent numibor of Foundry quotes Lc CMl as 

follows 

'Armor made of nickel-zirconium steel having a thickness 
of OHO inch has fbown the same resistance to the bullet as 
nickel molybdenum steel of 0.51 Inch thickness or chromium 
steel of 063 Inch thickness. The zirconium steel which has 
given the best results has the following composition. Carbon, 
0.42 per cent; manganese, 1 per cent; silicon, 1.60 per cent; 
nickel, 8 per cent; zirconium, 0.84 per cent. It possesses a 
tensile strength of 250,000 pounds per square inch ” 

LOSS OF NUTRITIVE PROPERTIES IN CANNK1> GOODS 

In preparing vegetables for canning the preliminary process 
of boiling, even though it may last a very short time, In- 
evitably extracts a portion of the most soluble and most 
appetizing nurtltlve principle. Recent experiments have been 
made, both at Waedenswlll in Switzerland, and at Dahlem 
near Steglltz In Germany, with carrots, peas, beans, spinach, 
asparagus and cauliflower, to determine the percentage of 
loss and the best method of avoiding or reducing It The 
conclusions arrived at In the two countries are In agreement 
and are thus summarized In the Vie Agricole et Rurale. 

It Is found advisable to complete the preliminary boiling or 
“blanching'* in as short a time as possible, and to employ for 
this purpose an autoclave Instead of steam. The percentage 
of loss of the dry extract amounts to from 5 to 15 
per cent In boiling water, from 2 to 8 per cent In steam and 
only from 1 to 7 per cent in the autoclave The pressure 
in the latter Is only a quarter of an atmosphere and the 
period of boiling lasts for only a few minutes — a quarter 
of an hour at the most The loss of nutritive matters Is 
Increased by the fact that upon being taken from the boiling 
water the vegetables are placed in cold water and sometimes 
even in running water. 

It is advised that the first water in which the vegetables 
are boiled should not be thrown away but used to fill the cans 
before sterilisation. It has also been suggested that the cold 
water In which the vegetables are steeped might be used in the 
autoclave so as to entirely avoid the loss of the roost soluble 
and most delicate matters. In any case these liquids may be 
concentrated and used for making condensed soups with the 
aMltion of fats, and either milk or meat products. 



Progress in the Field of Electricity 

Summaries and Excerpts ^m Current Periodicals 



SPARK GAPS. 

In practice tilgh alternating pressures are often measured 
by means of spark gaps; in most cases, especially when point 
electrodes are used, the relation between voltage and gap 
length most be determined experimentally on account of the 
luminous discharges from such points and leads* However, in 
case of cylindrical or spherical electrodes the sparking voltage 
may be expressed in terms of the dielectric strength of the 
air and of the dimension of the gap. By proper selection of the 
diameter of the electrodes the disturbing discharges can ho 
avoided. The fundamental and exact equations of the sphere 
gap are not suitable for practical applications. These can 
be simplified by an assumption that the charges on the spheres 
are concentrated In two points, the position of which Is such 
that they divide the diameter of each sphere harmonically. 
Then, neglecHng the Increase of capacity, resulting from the 
decrease of the electrode distance, we have the following 
relation : 

F = V (A + D)/A D, where V Is the potential difference be- 
tween the spheres, D, their diameter and A, the distance be- 
tween the spheres. The alwve relation holds good onlv for 

K 



FIG 1 


an “oscilloscope.*' It was found that the spark voltage ^ en- 
tirely Independent of the wave form and la only a functbm of 
the maximum pressure. The values of the spark voltage for 
the various spheres and gap distances were reduced to normal 
pressure and temperature on the assumption that the spark 
voltage varies directly with the atmospheric pressure and In- 
versely with the absolute temperature From these data the 
dielectric strength of air In kilovolts per cm. is found to lie a 
function of the sphere diameter and almost Independent of 
the gas, as shown In Fig. 2. 

From these data the breakdown voltage of a gap of A cm. 
between spheres of diameter D may be found from the rela- 
flon given above. The error is from — 3 per cent within the 
range A/D = 4 to % — W, Estortf^ Zeitschrift fUr Instrument’ 
enkun^le, July, 1919, pp 227-30 

SUBMERSIBLE BLECTUIU MOTOR PUMP. 

In the January issue of the SriENTitic Amkhican Monthly 
we described a now type of electrically-driven pump which is 
rendering very good service In marine salvage operations. The 
unique feature of this pump Is that the electric motor will 
work entirely submerged under water and that the whole 
casing Is Oiled with water ^\hlle running, thus rendering It 
peculiarly suitable for use in lloodcMl or damp places, such as 
mine workings, for example. It is entirely free from the 
risk of breakdown Inherent in all so-called water-tight electric 
motors which depend on the effle liMicy of the joints and 



FIG 2 


spheres Infinitely fur apart; by comparing It with the exact glands in the cases or tanks in wliich such motors are en- 

formula of the spark gap a correction factor 1/K is determined closed, 

wliich depends only on the relation A/D, and the above rela- Recently some interesting operations have been success- 
tlon becomes fully carried out in Cheshire, mainly with the object of dem- 

V = K F A D/A + D onstratlng the iiosslbllities of this pump for mine work. These 

The values of K are given In Fig. 1. operations consisted at first in the unwateriiig of an aban- 

The potential distribution in the electric field was studied doned mine-shaft. The plant conslstetl of two 4-ln, submersl- 

by ImmerBlng the spheres in an electrolyte, thus avoiding the hie motor pumps, each of which had a rated output of 370 gal- 

varlous field disturbances. Spheres were used of 0.3 to 16 cm Ions per tulnute at 80 feet total head. The delivery side of 

In diameter with gap distances from 10 cm. to 40 cm. The ex- one pump was coupled to the suction side of the second pump, 

perimental results agreed well with the calculated values thus forming the equivalent of a two-stage centrifugal pump 

This method of investigation allows also of determining the In- capable of a lift of 160 feet. The electric power was supplied 

fiuence of leads. The length of leading In wires of 0.7 mm. by a portable generating set. Armored flexible rubber hose 

diam, wag varied from 0 to 50 cm.; it was found that the was used for the pipe line. 

potential gradient at the surface of the sphere was prac- In another case three shafts linked together by workings 
ttoally independent of the length of the leads ; however the had the water .level 11 feet from the surface, and It was de- 
Ififiuence of the latter becomes noticeable at a short distance sired to lower the water to about 800 feet In this case the 
from the surface and Is greater In the case of small spheres, power was supplied from the near-by company power plant. 

The problem of the sparking voltages between spherical elec* Four 6-lnch submersible motor pumps were used, each having 
trodes was Investigated by means of a 20 kw. transformer a rating of 740 gallons per minute at 76-foot head. They were 
having a ratio of 600/200,000; the voltage was measured on coupled in pairs, the first pair being lowered to a depth of 
ttie low-pressure side by a specially deslgnsd and well de- about 810 feet and the second pair to 160 feet. Steel tube was 
scribed and illustrated Instrumrat which the author calls used for pipe line. After pumping continuously for five days 
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tlie water level was lowered to 160 feet and after a further 
seven days to 276 feet Instructions were then give* to throt^ 
tie delivery and maintain a constant level at this depth, and 
readings taken of the Inflow which commenced at 47,000 gal* 
Ions per minute and dropped to 88,000 after three days. Alto- 
gether the plant was running for 87 days, one pair of pumps 
running for 24 days on end and on 19 of these days for the 
whole of 24 hours. The total quantity of water pumped was 
38,628,604 gallons. This novel undertaking has thus demon- 
strated the great use which may he made of the submersible 
motor pumps In places where an installation of ordinary 
pumping plant would be impracticable, or, at any rate, very 
costly. — From Colliery Guardian^ London, January 16, 1920, 
p. 173. 


NEW METHOD OF MEASURING HEAVY DIRECT 
CURRENT. 

The usual method of measuring direct current with a mlllt- 
voltmeter and shunt becomes unsatisfactory whenever the 
measuring instrument is at a considerable distance, 200 
yards or farther, from the heavy current cable: the leads 
must be of large cross-section In order that the drop in them 
may be a minimum; even then the voltage drop which must 
be provided across the terminals of the shunt Is so high that 
there Is a serious loss of energy in the shunt. If measure- 
ments are to he over still longer distances, the cost of pilot 
leads and the loss In the shunt become almost prohibitive. 

no V OK 220V A C. 



FIQ, 8. METHOD OF MIEASTOBINO HBAYT 01RKOT CUBEENT 

In order to overcome these difficulties, reliance has been placed 
in the past upon telephonic communication of instrument read- 
ings, or upon the use of repeating instruments of various 
kinds. 

A novel method of measuring heavy direct currents at a 
distance has been devised by Ernst Besag and is now In 
use at Frankfort-on-Maln. The method depends upon change 
in the choking effect of a dioklng coll fed with alternating 
current, when the Iron core of the coll is magnetized by the 
direct current to be measured as well os by the alternating 
current. 

Referring to the diagram, the heavy-current conductor, C, is 
surrounded by two Iron ring-cores, on which are wound the 
colls Di, Df. These colls are connected so that there is no 
resultant effect on the current in 0 due to transformer effect 
from the alternating-current windings. The tenninals of the 
latter are connected to the distant station, as tdiown and an 
alternatlqg-current aimneter Is idaced where the current in- 
dications are required ; A. O. supply at 110 volts or 220 volts 
is connected to the measuring circuit. When there is no cur- 
rent flowing in 0, the coils Dt, D, exert an almost pure chok- 
ing ettect, and the A. O. ammeter reads practically zero. As 
the current in 0 increases, so does the miagnetic saturation of 
the cores A and B, hence the choking effect of D„ D, decreases, 
and the alternating current In the measuring circuit Increases. 
For each value of the main direct currant there is a doflnlte 
value of the alternating current, hence the A. O. ammeter may 


be calibrated to read dlreotly the direct current in amperea 
By using a pressure of 110 or 220 volts in the A. 0. olrcutt, 
the requisite current may be kept so low that quite small leads 
may be used without introducing any appreciable error from 
the voltage drop In these conductors. 

Apart from Its value in long distance measurement the new 
method eliminates the shunt losses, affords the possibility of 
the pilot lead to be insulated only for 110 or 220 volts and re- 
duces operating risks by eliminating direct electrical connec- 
tion between the switchboard and the high-voltage D. C. cir- 
cuit. An important possible application of the new method is 
to the measurement of charging or discharging current of 
cells In a distant battery substation. 

A possible modification of this method which suggests Itself 
would be to use a single iron core round the heavy D. 0. con- 
ductor, say, A, of diagram, and to connect a winding D, on 
this core to a fluxmeter. The fluxmeter being set to zero 
when no current was flowing in C, the deflection of the instru- 
ment should be a function of the current flowing in C. The 
flow would not be linear owing to magnetic saturation of the 
iron core, but it would be practicable to calibrate the fluxmeter 
to indicate directly the corresponding value of the main cur- 
rent This modlflcation would not be applicable to long dis- 
tance measurement, owing to the very small E.M.F.*s pro- 
duced by changes in the magnetization of A, but it may have 
its application In certain special oases, and, if so, it would 
offer the advantage of eliminating the A. O. supply required 
by Besag's method. — From ElektrotechnUche Zeitschriftf Con- 
densed in Electrical Review, London, March 6, 1920, p. 292. 


MAGNETIC AND ELECTRICAL PROPERTIES OP IRON- 
NICKEL ALLOYS. 

This investigation was undertaken to determine whether 
any Iron-nickel alloys could be found having a higher satura- 
tion value than pure iron. Alloys were prepared containing 
0-100 per cent of nickel. Pure Pe-Nl alloys do not forge read- 
Uy, and to make them forgeable it is necessary to add alloying 
elements like Mn or Ti. The results show that the saturation 
value decreases slowly with increase in Ni content up to 20 
per cent, then rapidly to 30 per cent ; again rises rapidly to 60 
per cent and falls off gradually toward 100 per cent nickel. 
At no point does it exceed that of pure iron. For values of H 
between 100 and 400 the permeability is about 5 per cent 
higher for 6 to 8 per cent N1 than for pime Iron, but this ad- 
vantage is offset by the large Increases in hysteresis loss. 
Alloys containing 36 to 70 per cent Ni have high permeability 
at low and medium densities and low hysteresis loss, the high- 
est permeability occurring for 50 per cent. 30 to 60 per cent 
alloys are characterized by a nearly straight line B-H curve 
from the origin to B = 2,000 to 4,000 gausses and also by low 
retentlvlty and coercive force properties which are of value 
In connection with certain electromagnetic meters 

Previous investigations on commercial iron-nickel alloys 
have shown that 25 to 35 per cent alloys have Irreversible 
nmgnetlc and electrical transformation points occurring below 
ordinary temperatures. The present investigation confirms 
these results for pure alloys. A 30 per cent alloy annealed 
and cooled to room temperature bad its saturation value, 4 iris, 
increased from 2,500 to 17,000 gausses and its electrical re- 
sistance decreased from 81 to 32 microns per cu. cm. after 
being cooled to liquid air temperature and reheated to room 
temperature. Alloys containing 16.36 and 15 per cent nickel 
ebowed practicaUy^ no change after the above treatment 
After allowing all transformations from the austenetlc state 
to the a state to take place the carves for 4 ir Is and for elec- 
trical resistances both have definite cusps for 84.6 per cent 
nickel, corresponding to the compound Fe»^, thus giving evi- 
dence of the existence of this compound. It is pointed out that 
the irreversible transformation causes an enormous increase 
in the hysteresis loss.^^. D. Yensen, Joumat of the American 
IneUtute of Electrical Enffineere, April, 1920, pp. 886-406. 


CENTRAL-STATION SERVICE FOR FARM LIGHT AND 

POWER. 

Accokdino to esttmates by Professor G. F. Warren, of Oorncdl 
University, the abandonment of farm life in favor of city life 
by men and boys during the imst year baa left more than 
24^000 habitable farm houses vacant In New York State alone. 
This exodus from the farm has taken place despite the fact 
that farm wages will be approximately 14 per cent higher this 
year than last It is evidently the city comforts In general 
and the electrical comforts or conveniences in particular that 
are largely responsible for people leaving their farm homes. 
The leadership of this country in world industry depends 
largely upon the number of progressive farmers who take up 
and continue modem methods of agriculture. American farms 
of the future must be equipped with electrical devices If they 
are to retain the high standards of living we now enjoy. 
Modem farms will appeal to the brightest of our youth and 
insure that the direction of the farms will bo In competent 
hands. 

The problem of supplying light and power to rural consumers 
from transmission lines may be considered as being Just grad- 
uated ftom the exi>erliaental stage. Indlcatiions are that a 
large number of central station companies intend to do ex- 
tensive work In this field during 1920. Behind it is the in- 
sistent demand of the farmer for such service who has seen 
the drawbacks of the small Individual plant and the advan- 
tages of the transmission line service whenever the extension 
of this service is possible. The advantages claimed for trans- 
mitted power In comparison with Individual plant include less 
ultimate Investment, unlimited supply of power, 24-hour serv- 
ice, use of standard llO-volt appliances, no attention required, 
no house or barn space required, no add fumes, smoke, gns, 
dust or noise, and no oil or gasoline to explode or catch on fire 

The problem, however, is to finance the Installation of lines 
and to make their operation a success ; that Is to provide Hues 
and equipment at a moderate prlc»e and so operated that they 
will not interfere with the service to municipalities. In the 
pest the central station has flnanml the entire oi>eratIon 
and assumed all risks when setting the rates. Experience 
has shown that those rates were usually set too low, with a 
consequent dlssatiefnctlon with this class of service The 
established practice at present Is to require the farmer to 
finance the installation lines and the substation equipment 
Risks are eliminated wherever iwsslhle and the rates sot 
high enough to cover the balance of the contingencies The 
tendency Is to meter on the high-tension side so as to elimi- 
nate the uncertainty of the core losses and their effect on the 
rate schedule. The country banker must Icam to extend 
credit by virtue of which the farmer can purchase these elec- 
tric labor saving devices and conveniences, for by so shoulder- 
ing the responsibility on the farmer, this field becomes finan- 
cially possible. 

OPERATING FKATURI-:S OF FARM LINKS 

With the responsibility shouldered on the farmer the etpilp- 
raent must be lnexi)ensl've but by no means cheap The line 
wnstructlon is substantial so as to reduce the chance of Hue 
failure resulting in service interruption and-llablhly fur in- 
jury. The type of construction adopted, while not considered 
good enough for the more Important trunk lines. Is neverthe- 
less very satisfactory for farm line service. As to primary 
pressure, voltages of 2,900, 6,000 and 13,200 have conic Into 
extensive use. Experience shows that the 2.300 and even 
6,600 are too low, as the extension of farm linos naturally 
l^ds to the serving of small towns. It now appears that the 
Standard line voltage for rural service will be 13,200, The 
farmer will finance the latter as readily as a lower voltage 
line. The advisability of using the higher line yoltages may be 
seen from the fact that with 6,600 volts an area la served 
which Is approximately nine times the size, and with 13,200 
volts an area approximately thirty-six times the size of the 
area that can be served with 2300 volts. ,As to systems, the 
ground slngle-ifiiase type, the metallic iringle-pbase and the 
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three-phase four-wire systems have been tried and found un- 
satisfactory. The three-wire thret^phase system has been 
extensively used and undoubtedly Is the most satisfactory 
one. A combination of this system for the main artery and 
metallic single-phase lines for short laterals is the logical 
system to use. This system gives less severe operating condi- 
tions for fuses, oil switches and lightning arresters and has 
the advantage that It can be operated temporarily with one 
wire grounded. It, therefore, requires less tree trimming, 
which is quite a factor In rural service. 

The question of farmers' substations is perhaps more im- 
iportant than other problems of line construction. As the 
farm lines are extended the Importance of continuous oper- 
ation becomes more pronounced. In the past this factor hu.s 
often caused central-station eompunles to refuse service to 
farmers even with a line running In front of their homes 
With a substation properly designed the fear of the hazard of 
Interference with the continuous operation of the line is dis- 
pelled The requirements of farmers’ substations are as fol- 
lows: tl) It must be Inexpensive, but not cheap (2) While 
inexpensive It must perform all the functions of a larger 
outdoor substation with a reasonable factor of safety It 
must have full switching, lightning protection and overload 
protecting features. It must operate with the same degree of 
security against service interruption, but In case of failure it 
must be discontinued at once from the line In order that the 
trouble may be localized and prohibited from disturbing the 
whole system (3) It must be safe; there should be but very 
little wiring and It should he so arranged that when the 
switch la open all equipment is readily accessible (4) The 
factor of safety of the insulators should be high — H W Young 
and F. O Van Etten in Electrical Review, Chicago, March 20, 
1920, pp. 483-85. 


ELECTRICALLY-BAKED BREAD. 

In localities where coal or other forms of fuel are scaico 
or dear the electric oven can he considered a serious compet- 
itor to the coal-hc*a(ed men Electiic o^en^ are on the mar- 
ket which are entirely satisfactory from the standpoint of 
technique, ease and safety of operation . moreover, the cen- 
tral station grants the baker very low rates for night opc*ratlon 
of his electric ovens In Sudlzerland the electric oven usually 
has an area of 6 or 12 sq m I'^er f!*)or, giving space for 16 to 
18 kg of bread per square meter With loaves weighing 
from 0 6 to 1 kg. the baking takes one hour, with loaves weigh- 
ing 1.5 to 2 kg the baking period Is one hour and a quarter to 
one houi and a half The average amount of power required 
is 6 kw i>er sq. In. ; this iicnnits tlic ‘heating of an oven of 12m* 
In arc^n In V/j hours During the baking perknl the power 
consumed varies from 50 to 00 per cent of that used for pre- 
heating. Below are given some data for one installation 


Hoiks of 
Operation 
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5 
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30 
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86 
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36 
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0.45 

10 25 
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36 

42:1 

0.42 

12 

1,200 

36 
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The manufacturers guarantee a consumption of 0.45 to 0 5 
Kw-'h. x)cr kg, of bread. The Initial cost of installation in 
1918 was from 1,200 to 1,500 fr. per square meter— not any 
higher than for a first-class modem steam operated oven. It 
is further estimated that with coal selling at 10 fr. per kg. 
and electricity selling during night hours at 0 05 fr. per kilo- 
watt-hour, economies will be effected with the electric oven.-— 
From BulletUi de r Association Suisse des Electriciens. Ab- 
stract la Revue Odn^rale de VElectrieit^, January, 1920, 
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AMERICAN COMPETITION WITH BRITISH TRADE 

Thb subject la discussed In Engineering (London) in an 
editorial under the title, '*The Question of American Compel 
titlon ” 

The paper culls utteuliun to the sales efforts of American 
CHincerns In Europe, such as the fact that a leading American 
loGconotive firm is alleged to have sent a representative to 
The Hague where he offered to quote prices not only on 
locoinotlveB and other railroad equipment but also for all 
hinds of machinery including machinery for treating sugar, 
rubber, coffee and cocoanuts in tropical countries. 

On the other hand, It Is stated that in the calendar year of 
1019 the American exports decreased while the imports in- 
creased, the reduction being due to the fall in the quantity 
of semi-flni^ed steel sent out of the country for the account 
of Allied nations. 

The imports Increased through purchases of scrap and 
pig iron. (The statistics refer, of course, exclusively to the 
metal and machinery trades ) 

If the American statistics are contrasted with those for 
Great Britain, it Is found tAiat the Brltlsli exports showed a 
recovery for the first year after the end of active hostilities. 
The exports rose from 1,618,000 tons in 1918 to 2,264,000 tons 
in 1919, being an advance of 636,000 t<His, giving a net bal* 
ance of 860, OCX) tons to the advantage of Great Britain. The 
figures in the case of machinery are also hopeful for Britain, 
although a strict comparison between the latter and the 
United States cannot be made. The British exports advanced 
In tonnage by 66 per cent as compared with the preceding 
year. 

As regards the future, it is stated that American steel and 
machinery makers have secured a great hold on International 
markets under tiie abnormal circumstances of a world-wide 
war and thereby became abnormally enriched. Furthermore, 
though peace prevails, the conditions throughout the world 
have not become normal and probably will not do so before an- 
other few years have elapsed. There is a great International 
demand for Iron, steel and different classes of machinery in 
various countries and It is believed that Great Britain will 
obtain its fair share of this world trade as in former years, 
lu fact, figures appear to show that it has already been able 
to make a fresh and favorable start in the resumption of its 
former position in the markets of the world, though the 
present high prices tend to facilitate American competition in 
external markets, except where the rate of exchange exercises 
an unfavorable influence upon prospective customers. Never- 
(lielcss the amount of work available in the world Is so enor- 
mous that international competition to secure it should be In- 
('imslderable for a long time to come — Tfte Engineer, Vol. 129, 
u\o. 3349, March 5, 1920, pp. 249-260. 


NO FISSTJKES IN OLD RAILS. 

A KEiH)HT by W C Cusiilng, Chief Engineer of Maintenance, 
Pennsylvania Lines West of Pittsburgh, gives an Interesting 
sidelight on the cause of the appearance of transverse fissures. 

This report covers an linesligatlou of rails which had been 
In service from 10 to 45 years; some of the oldest were of 
wrought iron, others rolled from iron and steel pile, ^hlle 
others 10 to 25 years old were of Bessemer steel. 

lu the old wrought-iron rails, head strains corresponding to 
^ 24,000 to 27,000 lb. per sq. in. In compression were found, 
which appeared the more serious because the material had a 
low elastic limit, 26,870 to 48,760 lb. per sq. in. The piled 


rails showed maximum head strains of 24,000 lb. per sq. in., 
and the elastic limit of the material ranged from 88,700 to 
58,880 lb. per sq. in. Still higher Internal strains, however, 
were found in steel rails that had been in service 20 to 26 
years, several measurements of 36,000 to 83,000 lb. per sq. In. 
being made, as against elastic limits of 46,6()0 to 68,460 lb. per 
sq. in. These high values of permanent strain were meas- 
ured at the surface of the head and on the side opposite the 
gage side, in nearly every case. One abnormal result was a 
reading of 57,000 lb. per sq. in. tensile stress, in the flange of 
an 85-lb. rail that had been in service from 1898 to 1917 ; Mr. 
Cushing calls this ‘‘extraordinary and inexplicable.” 

From a knowledge of the service to which these rails were 
submitted one would expect to find them filled with trans- 
verse fissures. In fact rails adjacent to them and undergo- 
ing precisely the same condltloa of service had been found 
to contain such fissures, which would indicate that the dif- 
ference In the behavior of the two classes of rails must be 
sought In the process of manufacture. — Report No. 84 to the 
Rail Committee of the American Railway Engineering Associa- 
tion, abstracted through Engineering Newe-Reoord, Vol. 84, 
No, 11, March 11, 1920, p. 627. 


AERIAL TRANSPORT OF WOOLEN GOODS. 

Owing to the congestion of traffic at Hull Docks and to the 
dockers' strike at Amsterdam, the transport of goods from 
the Midlands to Holland, which has been taking the prepos- 
terous time of from six to eight weeks, has, for the meantime, 
become quite impossible. For this reason Messrs. Heatons 
(Leeds), Ltd., who do considerable buMness with Holland in 
ladies’ clothing, decided to despatch by aeroplane a quantity 
of goods which they were anxious to deliver in Holland In 
time for the spring season. A Blackburn “Kangaroo” com- 
mercial airplane was therefore chartered from the North 
Sea Aerial and General Transport Company, of Leeds, to con- 
vey 22 packages, with an aggregate weight of over lOQO lb. to 
Amsterdam. The machine was loaded at Brough aerodrome, 
near Hull, on Friday, March 12th, and proceeded to Lympne, 
near Folkestone, for examination by the air-port authorities 
and thence to Soesterberg aerodrome at Amsterdam, where it 
arrived safely on the following day. The Dutch customs 
authorities arranged to examine the cargo Immediately on 
its arrival, so tliat the packages could be despatched to their 
final destinations with little or no delay. The machine was 
oxiMJCted to return with a valuable cargo of dyes of a class 
urgently re^iuired lu Yorkshire and Lancashire. It is hardly 
nocessaiT to pt>lnt out that the commercial value of the 
service would be greatly augmented if the visit to Lympne 
for customs examinations could l»e avoided. Lympne is, at 
present, the only recognized point of departure for Continental 
aerial traffic, and this fact Is obviously a severe handicap on 
aircraft travelling from the northern counties to Holland and 
the Baltic. Evidently the traffic would be greatly facilitated 
by Government recognition of an air station on the North Sea 
coast, sinc^ a direct flight across the North Sea could be 
made In half the flying time, and In much less than half the 
total time, owing to the fact that the long southward diver- 
sion renders a night’s stay at Lympne nnavoidabla — 
ing, VoL 109, No. 2828, March 12, 1920, p. 344, 


RELIEVING ATTACHMENT FOR LATHES. 

It is usually considered to be uneconomical to make milling 
cutters and other stnall tools In a general engineering shop. 
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but occasions arise 
when it is desirable 
to do so. 

All the equipment 
necessary to make 
such tools Is usually 
available In shops, 
but difficulty arises 
in connection wi th 
the work of backing 
off or relieving the 
teeth of the cutters. 

The teeth can, of 
course, be formed by 
milling with special 
cutters, but the or- 
dinary shop cannot 
have all the cutters 
required for differ- 
ent shapes and sises of tools. A relieving lathe which 
might be employed Is likewise an expensive tool of very little 
general utility and It would not i>ay to have one to take i»are 
of an occasional odd Job. 

From this point of view the attachment described here and 
built by Milton, Ltd,, Ijondon, is of intoroftt It la intended to 
take care of Just the kind of job that can be usually done only 
on a relieving lathe or by means of special tools 

Drawings, Fig 1 — A to E, IlluHtrate the construction of the 
attachment It Is mounted on a glblnsl plate which la screwed 
upon a lathe saddle Into this plate la fitted a steel casting 
having a hole through which the work pussea, or the arbor on 
whl<^ the work Ik mounted between the centers of the lathe 
There are also twi» oscillating tool i>os(s carrying tools which 
can operate simultaneously on tlie fr<pnt and ba<*k of the work, 
tlkough for relieving, the front tool only la employed Provi- 
sion Is made for adjusting the tools In a verhc^ul dlns^tfon to 
allow for any alteration In height w^ihlch may have been Intro- 
duced by grinding — likewise for the transverse adlustment 
of the tools The tools themselves fit In slots Iti the tool 
ptists and are each elumpeil In position by a Ixilt and nut 

Tlie tool posts are nwked by means (pf two eccentrics 
mounted on u central shaft passing through the upper part of 
the main casting as shown in Fig B, These eiwntrlcs which 
are connected to the t<w»l [xists by ineuns of shoit links shown 
In A are set at an angle of 180 deg, so that angular motion 
of the shaft will cause both the tool posts to advnnco Into or 
rWede from the work together. Mounted loosely on the oppo- 
site end of the central shaft bearing Is a gear wheel, and on a 
sleeve extending from the boss of this wheel is screwed a 
ratchet toothed cam seen in Figs. A and D. The cam Is driven 
from the nose of the lathe by means of a shaft having two 
universal Joints. The com rotates at the same speed and in 
the same direction as the work and mast have the same num- 
ber of teeth as the tool being relieved. The^ actual diameter 


of the cum and the 
shape of the teeth 
are Immaterial, but 
the teeth may be 
formed w^lth feather 
edges, llcnraers and 
cutters in which the 
teeth are unequally 
spaced can be re- 
lieved by means of 
the attachment but 
In such case the 
teeth of the cam 
must, of course, be 
spaced to correspond 
with those of the 
w'ork. 

Referring now to 
Fig, D. (In Fig. 1) 
It will be noticed thul the teeth of the cam engage 
with an adjustable pawl mounted on one arm of a 
bell-crunk lover, wbUh is pivoted on the main cast- 
ing As the cam rotates in an nnti-clockwtse direction the 
arm of the bell-crank lover will be imllod downwards until the 
pawl osciip4‘s from the toohh of the cum. when It will be pulled 
up Into engagement with the next tooth by the a<'tlon of a 
light helical spring seen In both Illustrations. The combined 
effect of the cium and spring is thus to Impart an oscillating 
motion to the bell-crank lever. On the other arm of the latter 
Is formed a segmental groove, and In this groove a block, to 
which a short link is pivoted, con be clamped In any position 
Tlie Ollier end of the link is connected to an arm keyed ui>on 
central shaft, above referred to, and In this way the osril- 
latfng morion of the bell-crank lever Is communicated to the 
cential shaft, and also, through the eccentrics, to the tool 
ixistb Tw'o short springs flttwl between projections on the 
forked parts of the lool posts and the main casting are pro- 
vldeil In order to take up any lost motion due to wear of the 
links, etc 

It will )>e obvious that the poisltion of the block In the seg- 
mental groove determines the magnitude of the angular oscilla- 
tions of the central shaft, and consequently those of the tool 
posts, so that, by adjusting the block, the amount of relief can 
be varied at will quite Independently of the shape of the cam. 
The actual amount of relief Is Indicated by a scale engraved on 
the arm of the bell-crank lever, as shown In Fig, D, the 
figures giving the amount of relief in radlllmeters The only 
other feature of the mechanism now remaining to be ex- 
plained is the means provided for liimiting the backward 
movement of the tools in normal working, while allowing them 
to be brought back clear of the work before reversing the 
motion of the saddle to commence a new cut. This arrange- 
ment is best shown In the cross-section, Pig. E, from wblcb it 
will be seen that a bolt fitted wilh a sliding sleeve is screwed 
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Into the mlddlo of the central shaft. A tongue formed on the 
aikllng sleeve fits into a slot In the main casting, and normally 
limits the movement of the shaft by coming into contact with 
the end of the slot, but when It is desired to withdraw the 
tools from the work the tongue is {tailed out of the slot by 
raising the sleeve. This allows the spring attached to the 
bell-crank lever to pull the latter back Into the position Indi- 
cated by the dotted lines in Fig. E. In this position the tools 
will be quite clear of the work and the pawl clear of the cam ; 
the lathe can then be reversed without altering the adjust- 
ment of the tools In the tool holders. 

An Important advantage of the pivoting tool holder In com- 
parison with the horizontal slide of the ordinary relieving 
lathe, is that, in the former, the tools can be adjusted so that 
the cutting angle remains constant at all parts of the cut, and 
consequently greater cuttlr^ etfidency Is attained and a tool 
witli much less clearance can be used. That it is necessary 
to tilt the tool for this purpose will be obvious when it is r<y 
membcred that the normal to the relief curve at the cutting 
edge of the tooth being formed coincides with the radius of 
the plain cylindrical blank, since no metal Is removed from 
this part of the tooth, whereas, at the Inner end of the curve, 
tike notunal is inclined by an amount depending upon the 
amount of relief. In an ordinary relieving lathe, In which 
the tool moves horizontally, no allowance is made for this 
feature, and the cutting angle may therefore vary by 15 deg. 
or 20 deg, from one end of the relief curve to the other. An- 
other advantage of the pivoted tool holder Is that the friction 
la considerably less than that of a sliding holder, and a 
greater purt of the power supplied Is available for the ait — 
Eftffineermff, Vol 100, No. 2828, March 12, 1920. pp. 345-346 
and 348. 


THE HOLZWARTH GAS TURBINE SINCE 1014. 

By Hans Hoi^wabth. 

In 1014, a few months before the beginning of the war, tests 
were started on a lOOOdi.p. vertical gas turbine built by the 
machine company, Thyssen & Co., in Mulheim (Ruhr). During 
the war these tests were discontinued and started over again 
In 1918. The Thyssen turbine does not dllfer in external ap- 


pearance from the gas turbine previoualj” built by the author 
at Mannheim, but in several partlcalars the Thyssen turbine 
differs from tihe Mannhelsn one. 

HIGHKB CHABGB AND qpCFiJOSION PBBB8X7BES. 

This was done to Increase the output per cubic unit of 
chamber capacity and the tberaial effidency^ The average 
explosion pressure for continuous operation was raised to 
from 12 to 14 atmos. abs. as comi>ared with 6 to 6 atoKHL abs. 
of the Mulhelm turbine. 

There is fundamentally nothing In the way of raising this 
pressure still higher by Increasing the charge pressure above 
2.3 atmos. abs. The curve of Figs. 2 and 4 show the Influ- 
ence of the charge pressure and explosion pressure on the 
efficiency and specific output of the turbine. 

BEDUCnON or THf£ PERIOD OF EXPANSION. 

The shorter the time taken by expansion the less the loss 
of heat to the chamber and nozzle walls and the greater the 
amount of heat transformed Into kinetic energy, and, hence, 
the greater the efficiency. At present the duration of the 
period of expansion in the gas turbine is around 0.1 sec. In 
large gas engines running at 00 r.p.m. the expansion lasts 
about 0.38 sec., while in aircraft engines In which the heat 
consumption is not materially Inferior to that In Diesel 
engines, it is 0.02 sec. at 1500 r.p.m. Fundamentally, there Is 
nothing In the way of reducing the expansion period in the 
gas turbine still more. To do this the nozzle cross-section 
must be increased and this carries with It the increase in the 
length of the turbine blades and flow resistance. 

CHANGES IN THE BLADE SHAPES AND BLADE FASTENINGS. 

Decrease In the period of exiMiDslon provides an increase 
In pressure on the blades. Furthermore, unlike what takes 
place in steam turbines, Uie Jet in explosion turbines acts 
Intermittently for short periods and Is of the character of a 
blow. Because of this, blade shapes and fastenings used, for 
example, in Curtis turbines would not be satisfactory. New 
blades, therefore, had to be developed which were planned to 
withstand the added stresses much better. 

As regards the material of the blades, many kinds of al- 
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lojred and unalloyed haa^l and soft steels were terted with 
ratbor unsatisfactory results, and finally a soft eiectrolytie 
ircHi was adopted. With proper heat treatment blades of this 
Iron proved to he very satlsfactOTy for use In gas turbines. 
Table 1 shows the physical properties of this material from 
tests made in the testing laboratory of the Technical High 
S<diool at Stuttgart. 

On the other band, blades made out of harder or alloyed 
Steels show very rapidly changes In the structure of the metal. 

Table 1 

PHTlilCAL PBOPDBTIBS OP BLSCTBOXtTTIC IRON tJBRD FUU OAS 
TURBINS BleADES 


Qrieakiag Load 
E^longatlon . 
Contraction 


— l^eatod at — 


Room 450 de?. 

Temperature Cent, 

leg. per aq. cm. 4204 

3185 1975 

..kg. per aq cm. 4510 2676 

per cent 27 2 60 2 

per cent 78 88 4 


cracks an<l fissures. Electrolytic iron in gas turbine blades 
appears to be quite able to withstand wear and also re- 
sistant against surfaice corrosion and erosion, provided, how- 
ever, no substantial amounts of wet steam or water are pres- 
ent In the gases of combustion. 

TVOZ/1.K SHAPES. 

DeLaval nozzles and nozzles with parallel exit walls were 
tested as well as several other shapes. The advantage of 
nozzles with parallel walls which lies In their offering a 
greater cross-section of exit Is counterbalanced by an in- 
crease in defiection of Jet and on the whole it was found that 
steam turbine experience applies within reason to the design 
of gas turbine. Most satisfaction was obtained with DeLaval 
nozzles with minimum possible angle of exit Just as In steam 
turbine practice. 

Practical experience has confirmed theoretical expectations 
to the effect that the reduction of heat fall during the ex- 
pausiou does not materially affect the efilclency of the gas 
turbine nozzles and blading. For example, if the instanta- 
neous maximum Jet velocity at the beginning of expansion 
Is in the neighborhood of 1500 m. per sec., more than 95 per 
cent of the mechantcal energy of the gases of combustion are 
available at the wheel up to the time when the Jet velocity 
sinks to about 1000 m. per sec. This means that more than 
05 per cent of the energy is available at Jet velocities varying 
19 per cent either way from the average Jet velocity for which 


the nozzle and blading have been designed. Practical ex- 
perience confirms these theoretical conslderatlona. Time after 
time useful efilclencles of about 55 i>er cent (l.e. abont 55 
per cent of the output attainable in a gas turbine free from all 
losses) have been Indicated in the periphery of the wheel. 

In steam turbine practice the upper and lower limits in the 
heat fall process are determined on one band by the initial 
pressure and temperature of the steam, and on the other 
hand by the vacuum in the condenser. Furthermore, the 
peripheral velocity of the rotor is also predetermined and all 
that the designer can do is to rearrange the stages one way 
or another In gas tuiblnes the lower limit of the heat fall 
IS predetermined and for practical purposes so are the peri- 
pheral velocity and number of stages. On tbe other hand, 
however, the designer Is fiee to vary the upi)er limit of the 
heat fall and througli this the important ratio (Jet velocity 
peripheral velocity) without materially affecting thereby the 
thermal efficiency of the turbine 

CHANGE IN NOZZLE VALVES. 

The employment of higher charge pressures and the increase 
in the cross-section of tlie nozzles required some changes in 
the design of the nozzle valves which are described In a very 
general manner, 

TESTS, 

The tests were carried out in the presence of >arlous rail- 
road offioluls in December, 1919. Coke-oven gas was used as 
fuel with the heat content of 38G0 k.cal per cu.m. The tur- 

Tahle 2. 

DATA OF TESTS OF HOLKWiUTII IIIYHSEV OAS TURBINE 

Gas Oonsumiptlon, reduced to 
0 deg. cent, and 760 nun 
mercury prentuire, dtnn per 

hour . . . . aOO 400 550 630 

Heat Buppllee, cal per hour 1, 130.000 ]. 530,000 2.110,000 2,416.000 

Power output at wheel Tfwnt 
horae-power 

Heat consumption, k. cal per 
h p -hour 

SMBdenoy ifvmt per cent 


Mne was driving a dynamo delivering current to a water 
rheostat. The main test lasted four hours and gave the re- 
sults shown In Table 2. 

Figs. 5 and 6 give the amounts of heat delivered to the tur- 
bine per hour, and the effloiency refers to the power 

output iTomf delivered by the wheel. The work consumed in 
compressing the blast air and gas amounted to about 5.7 per 
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FTO. 4. THBmaCAL BVFFlCIErNCT OF OAB 
TDBBINa AA A FUNCTION OF CBAiBGE 

pRfimuBa PBsmouA to wsm/yexoN 
(vwmjcm OAft wm of hbkat 

VALUB 600 CAL PBB CU. 11) ; THTBCr 
PBftATURlC OF MIXTUBB 77 DBG. C.. 


FIO, 5. TOTAL DFFICIBNCT 
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OUTPUT INDICATBD AT 
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of the exhaust heat. If the eflideney of the oompressor 
lie assumed to be 70 per cent, of the wndenser steam turbine 
18 cvnt uud utilization of exhaust heat 00 per cent* then 
the total efllclency for the exhaust heat plant and the blower 
hy*5tem Is 0.70 X 1-19 X 0.16 = 7,6 per cent. In which case the 
jx>\\er consumption for the blowers can be well taken care of 
bv exhaust heat 

CONSTRUCTION 

Gas turbines of the horizontal type npin^ar to be preferable 
in several Important wa>s to vertical turbines, and It Is In- 
tended in the future to build only horizontal gas turbines. 


Fig. 3 sbowK the general oultlues of a OOO^h.p. oil-fuel gas 
turbine now under construetioo to run at 8000 r.pjn. and 
drive a direct-current generator. The blower and exciter 
generator are built on the Mme base as the main engine, and 
directly connected thereto are the exhaust fuel heated boiler 
delivering steam for the blowers. This installatloB Is to go to 
the Prussian Railway Administration. The same article gives 
nn illustration of a 12,000-kw. gas turbine which seems, how- 
ever, to be only In the design stage as yet , — ZeiUohrift de» 
Vereine$ Dmtiche IngetUeure, Vol 54, No. 9, Feb. 28, 1920, 
pp. 107-201 
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THE OIL FIELDS OF IIUSSIA. 

By a. Beeby Thompson, London, England. 

For more than 2500 years, natural gas issues in the Surak- 
hany district of the Apsheron peninsula were the object of 
pilgrimages by hre worshipers and Hindoos from Burma and 
^ India. 

WItlidn a few miles of Baku lie the two richest oil fields In 
the world, viz., the Balakhany-^ahcHuitchy-Romany and the 
BIbl-Eibat For inony years the gasoline obtained in the re- 
fineries of Uie Baku urea was burned In pits, being considered 
an undesirable product; aiKl until 1870 the residue also was 
destroyed, its value as a fuel not being recognized. Kerosene 
was the main product sought by the refiners. 

In 1003 the Important Orosny oil field was proved by a great 
fiowing well sunk by an enterprising Englishman, who, how- 
e\er, was ruined by the claims for compensation made by 
(leasants whose habitations and lands were destroyed by the 
deluge of oil, which could not be controlled for years. The 
property on which the w'ell was drlllfil has since given over 
300,000 bbl. of oil per acre. 

In 1901, general Interest was directed to the Blnagadl oil 
field by the bringing In of a 10,000-l)bl. well 

Another interesting field is Holy Island, off the north coast 
of the Apsheron peninsula, where 4004>bl. wells have been 
struck atid a considerable area has been provetl to be oil- 
hearing. In 1908, the Surakhany district a few miles south- 
east of the main Saboontdiy oil field was developed by deep 
wells, and large gushers of the typical Baku oil resulted from 
beneath the upper light oil and gas-yielding beds that until 
then had been exclusively worked. 

In 1909, the Maikop oil field attracted considerable attention 
us the result of a large gusher of light oil being struck by 
almoMt the first trial well in the Shlrvansky district 

A promising oil field was developed, about 1910, in the 
Kmha district north of the Caspian Sea and inland from the 
port of Ourleff. Around Dossor, large flowing wells were 
'Struck, and, prior to the war, extensive arrangements were 
being made to dispose of the product 

A single Tukestan field, in Fergana on the Trans-Caspian 
Hallway at Chimlono, has yielded substantial supplies of oil 
that find ready local market. 

Oin MANIFESTATIONS AND GEOLOGY. 

No (‘ouniry in the world probably exhibits a greater display 
of oil field surface phenomena than Russia, There are thou- 
sands of square miles flanking the Caucasus Mountains and 
enclrrllng the Caspian Sea that Justify an Investigation. For 
inlie<t around the Baku oil fields, the oil series lie spread out 
like lea\cs of a book under the nearly desert-Uke surroundings 
of that devuMtateil region. Mud volcanoes on a gigantic scale 


in every stage of activity may be witnesseil, as well as x>er- 
fietual fires fed by incessant issues of natural gas. Acres of 
asphaltic residues and streams of viscous oils oozing from im- 
mense thicknesses of oil-soaked sands are common. These 
phenomena, mingled with sulfurous waters, present problems 
for study that are nowhere else reproduced on so large a scale. 

Comparatively simple partial domes characterize the two 
great oil fields of Baku, but both have flanks on one side 
where the oll-beuring series outcrop and display those surface 
phenomena usually associated with oil. The whole series of 
Tertiary strata in which the oil is secreted here consists of 
unconsolidated clays, sandy clays, and sands of all grades of 
fineness that readily break down and crumblf when pierced by 
tiie drill. Their fragile nature Is the cause ot unusual difficul- 
ties in drilling, as throughout a thickness of over 3000 ft 
there are copstant Irregular and ill-defined alterations of 
sands and clays that merge into one another in a way that 
makes a log very unreliable when prepared from collected 
samples. Some sands are charged with oil, some with gas 
alone, and others with oil and gas. Many of the water-bearing 
quicksands run freely on penetration and fill the hole to a 
depth of hundreds of feet. At times, too, oil-saturated clays 
continue to ooze into the well, which renders progress very 
dlfficiUt. 

Certain sandy horizons can occasionally be traced for some 
distance and definite water and oil horizons have been lo- 
cated within restricted areas. Generally, however, the pliable 
beds have been so contorted and crushed that no single bed 
i*an he recognized for any considerable distance. Geological 
study was always made more difficult by the further disrup- 
tion the beds sustained when rich oil sands were struck, 
masses of surrounding strata were expelled on penetrating u 
rich oil sand, and this was generally followed by thousands of 
tons of sand which was either ejected with oil during flows or 
removed with the oil during the later process of Its abstrac- 
tion. As much as 50 per cent sand (by weight) has been ob- 
tained suspended in the oil for a time, and often as much as 
10,000 tons of sand have been elected dally and for weeks 
from a well piercing a virgin and prolific sand body. 

DKILIINO OPERATIONS AND YIELDS. 

Owing to the highly disturbed and unconsolidated sediments 
in the Baku oil fields It has been found Impossible to adopt 
there the standard American cable system or even the rotary* 
The need for wells having exceptionally larg9 initial and com- 
pleted diameters arises from the necessity to exclude waters 
and penetrate swelling and caving ground duHng progress, 
as well as to permit of the extraction of oU by bailers; conse- 
quently, the “stove-pipe” class is mostly employed. Initial 
diameters of 30 in. to 40 in. (91 to 101 cm.) are usual when 
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ulttma.te dlUMtotni of 12 in. to 14 in. are desired at a depth 
of 2000 ft Massive aurfSfCe gear is necessary to manlpnlate 
colttmBS of sadx else and tte tools reonlred.— 'Abstract of 
pap^ to be read at the St Louis Meeting of the Amer. Inet. 
of Milt A Met Eng. 


PULVERIZED COAL AT HIGH ALTITUDES, 

By Otis Ij. McIntybb. 

Thu Oerro de Paslo Copper Corporation, at La Fundlcion, 
Peru, used at>out 65,000 tons of coke per year, of which 
about 85 per cent is local coke made at the smelter, and 15 per 
cent is imported. This latter is very expensive, and as both classes 
of coke enter largely into the smelting costs, It was decided to 
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experiment with pulverized coal in the various departments^ 
of the smelter. The preliminary work consisted In determin- 
ing the general combustibility of the local coals in pulver- 
ized form. The coal was dried by hand on steam hot pans 
to less than 1 per cent moisture, and ttien ground in a 4 in, by 
4 In. Marcy mill. 

The equipment used in the test Is shown In Fig. 1. It con- 
sists of coal hoi^r, a 8-ln. feed sere\v driven by variable-speed 
motor, and a No. 2 Sturtevant blower supplying the air. The 
burner was a standard 6-la. pipe projecting about 12 In. into 
the furnace, which was approximately 4 by 4 by 16 ft. ami 
constructed of fire-brick. No pyrometric measurements were 
token, but <rt)servetlon of the furnace showed the results to 
be satlsfactary. 

The tests were flrst made with pure pulverized coal, and then 
with xnlzturea of coal and coke breeze, varying from 10 to 
85 per cent coke breexe, which gave practically the same 
results as the pure coal. The layoi^ was then <^anged, as 
sOiosm in Fig 2, to teat the practicability of using more than 


one burner with a Mngle feeder. This test was run with the 
4-in. return pipe both open and closed, the results indicating 
that satisfactory operation could be obtained by either method 
with a properly proportioned pipe system. 

The next test was to sinter the line ores on a standard 
Dwight-Lloyd sintering machine. These machines are oii- 
flred, and if coal could be substituted a considerable saving 
would be effected. The equipment used la this test was the 
same as is shown In Fig. 1, except that a 1-ln. screw feeder, 
a smaller fan, and a 2-ln. pipe burner were used. This test 
produced a satisfactory sinter, though some trouble was en- 
countered in the primary ignition of the coal, and the stan- 
dard oil muffle was too small. 

The next experiment was to test the feasibility of conveying 
pulverized coal under direct air pressure; the layout used 
is shown in Fig 3. Pulverized coal was placed in the pressure 
^ tank and air at 20 to 25 lb. was admitted through the %-tn. 
pipe at the top of the tank The 4-in. valve at the bottom was 
then opened and the coal passed through the 4-ln. piping sys- 
tem to the coal hopper. In this way 4000 lb. of coal was trans- 
ported in 1% to 2 min The loss through the vent pipe varied 
from 100 to 200 lb. This can be remedied by using dust col- 
lectors on the hopper, or an exhaust system which would 
return this waste coal to the main hopper. 

The foregoing testa showing up so well, It was decided to 
erect a larger experimental pulverizing plant. 

The furnace performance through all tests was found to 
be fully equal to that when operating on the normal coke 
charge. Two difficulties were encountered, namely, keeping 
some of the feeders in operation and keeping the tuyeres open. 
In some of the feeders there was a slight back pressure, due 
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probably to partly blocked tuyeres. This did not affect ma- 
terially the feeding, but forced some coal dust inU> the 
feeder bearings, which mixed with tho oil and finally bouiwl 
the l»earlngs. By using dust-proof bearings and a better- 
designed injector, we expect to eliminate this trouble. 

Kec'plng the tuyers open is absolutely essential to the safe 
and efficient operation of this process In view of the diffi- 
culty of keeping the tuyeres open and the connections airtight, 
it is probable that the most satisfactory place to inject the 
coal into the furnace would be through a separate opening in 
the Jackets, between and somewhat above the tuyeres. 

The No 5 reverberatory was selected for the final test. 
This ieqt was disappointing from the actual results, but when 
the following difficulties which were encountered are cor- 
rected, the furnace will, beyond question, show u much higher 
efficiency « than the hand-fired furnace. First, the coal could 
not be dried sufficiently, the average moisture being in excess 
of 1.6 per cent. The plant would not grind sufficient coal to 
the required fineness. The discharge from hopper to feeder 
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was too stmall, und the coal contioiially caked and brld|^d« 
l^e sirew feeder was too short so that the coal flushed badly 
at times ; also the dlsdiarse from the feeder was too far fr^ 
the fan so that the coal ^accumulated in the suction pipe and 
had to be removed with an air Jet« 

This test covered about nine days, and was run for about 
two days with the return pipe open. Some time during the 
second day the return pApe was blocked, due to overfeeding, 
so it was decided to continue the test without opening the 
run pipe; the only different was an apparently heavier feed 
at the burner farthest from the fan. With a properly de- 
signed piping system there seems to be no reason why a series 
of burners cannot be operated from a single feeder with or 
without a return. The lust day's run of this test was made 
with a mixture of 75 per cent coal and, 25 per cent coke breeze, 
which gave results equal to straight coal. It may be of Inter- 
est to note that these experiments and tests were carried out 
at an elevation of 14,200 ft. — ^Abstracted from paper to be 
presented before the Ameridan Society of Mechanical Engin- 
eers in St Ix>uls, May 24 to 27, 1020 ^ 


OUTLINE FOR ANALYSIS OP OIL-FIELD WATER 
PROBLEMS 

By a. W. AiiBBosk, Bartlesville, Okla. 

The underground losses of oil exceed, by hundreds of thou- 
sands of barrels, all the bil that has been lost in storage, trans- 
portation, or ifeflndng. The quantity lost is, of course, inde- 
teranlnate; but when it Is considered that the contents of 
an entire oil field have been excluded from recovery by in- 
vading waters^ some idea of the amount wasted may be gained. 
Sl>milarly, enormous quantities of gas have been lost xyn^er 
ground. Conservation of the oil, therefore, should start be- 
fore it is brought to the surface rather than after it is placed 
In storage tanks. 

In an area drilled with a hole full of mud or fluid the oper- 
ator should consider the contents of a sand which has been us 
an unknown quantity, unless the sand tested In a neighboring 
weU by balling or pumping. In an area wtiere the hole Is 
filled with water while drilling, the hydrostatic head of fluid 
in the hole Is usually greater than thaLof the "svater or oil 
in the sand, hence oil or water will not cOmo from the sand 
into the drilling w’ell. Fig. 4 Is a hypothetical sketch showing 
several possible waters In a producing oil field. 

Those waters A and At occurring In the eand above the pro- 
ducing oil horizon are generally known as top, or upper, 
waters. Top water may have access to the hole b> : The 
shut-olf being too high; the water leaking around the shoe 
of the water string; poor coupling connections, due to cross- 
threading or the pipe not being screwed tight; collapsed 
casing; a split In the casing, pipe worn through by drllllng- 
Une wear, or corrosion of the casing due to strong corrosive 
waters In the sands 

Bottom waters E are those occurring In sand below the 
producing oil horizons To avoid bottom water, It dd neces- 
sary to learn the exact dlatnnce between the top of the water 
sand and the* base of the oil zone, so that the operator can 
avoid drilling tOo deeply. 

Wher^ there are several producing oil or gas horizons, the 
water C occurring between the producing sands is generally 
referred to as Intermediate water, (If there are only two 
producing sands, the term middle water is often applied to the, 
water occurring In a sand between them.) 

Edge water /> occurs in the down-slope portion of an oil 
or gas stratum. Edge water may be middle water in 
well and bottom water In another part of the field. It^usual^ 
encroaches as production is drawn from the wells up slopes 
The sand is termed an oil producer up slope, but welltf Wiled 
Into the same sand down slope will produce water. 

Water may occur in the base of an oil sand, althoUgib 
fore drawing such conclusions it ts advisable to consider 
fully whether or not there is a sma]! foroormtlonal break id tM 


> Kat, jm 

impervious bed^ between the oft and' water. also,,mky 

occur in Ht lenttcular body of ednd and^edmukl be treated as 
top, bottom, or intermedlkto. wftter, locattoa 

with respect to tfte productive eandn 
The flooding of tbe ofl sande of an area, by tow ^bottom* oV 
intermediate water can often iS^ {revented by the' correction 
of a few offendidg weftii wliken the ttouble starts. The oper- 



FIO 4. HYPOTMErPICAL SKRTCH SHOWING DIFFERENT 
WATER SANDS 


ator should, therefore, investigate promptly any marked in- 
crease In the water content of a well. 

The indications of a field going to water vary with each 
locality, but the most comnon and positive evidence U for 
the oil wells to start producing water. When a group of 
wells located high up on the structure, for Instance on the 
top of a dome, show water while wells dowu slope do not, 
some well is at fault. In such a case the cause may be due 



FIG 5. INCREASE IN PRODUOrtON OF OIL-WELL PRIOR 
TO ENCROAjCBSIIENT OF EDGE WATER 


to improper water shut-off pj^ints, leaky water Strings, wells 
drilled Ifito bottom water, or wells improperly plugged when 
abandoned. Top water, bottom water, and water In a lenticu- 
lar sand usually lend themselves to repair work on the wells. 

Water in the base of an oil sand and edge water presents a 
much more serious problem, for as the oil and gas are with- 
drawn they will be replaced' by water. Water In the base of 
an oil sand often occurs In abundant bu&Rtitiea; if a hole is 
carefully plugged up with cement the water production is only 
temporarily retarded. When' the wells farthest down slope, 
located along a line parallel in general to the underground 
contours, show an increased water content, there Is suspicion 
of the encroachment of edi^ Water, 

A sudden increase in oil production has been noticed in wells 
Just before edge water appears. This is shown in Fig. 6. It 
wAll be noticed that the average production per month was 
' bbl. more following the appearance of water in apprecia- 
ble^ quantities in Janhe^^t 1^12. — Abstract of paper to be read 
'at.-the St. Lodis Meeting of Amer. Inst, of Min. A Met. Eng. 
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MOUKRN' VIEWS OX DEVELorMKXT OF CHII.DUEX. 

.Tukt as chlldroii in ftjriiier agos of the W(»rl(l wero dressoti 
liko their parents so llmt they presented small replleas of 
the funner, so it was supposed that they resembled them in 
body and mind ex<*ept so far as the matter of size was coii- 
eerned. Modem Investigations, however, have proved quite 
definitely that tliere are very marked differences between 
children and their elders, hulh In brain and in body and In 
those organs of the senses by means of which physiologU.il 
Impressions become jw.vchological sensations It is worth 
while, therefore at this season ot coinmeuceriicnts to coiisidei 
these things in relation to sc'hools 

We are Indehted to an arfUie api»euilng in the Supplement 
of the f7#ewiiAcr-/c/f«wr; (Berlin) for some interesting data 
on recTiit researches In this field 

It 1» not generally known that the coinp<tsition of the 
chemical elements required by the child's body Is ver.v dlffei- 
ent from that required by older persons and the >ounger the 
child the greater this difference is Thus, a new-horn Infant’s 
body contains 74.7 iwr cent of water while an adult's con- 
tains only 58 5 ]ver cent Again tlie bones of the former are 
softer because thej contain less mineral substance 

In the com so of the child’s development the heart betomes 
12 to JB times as large uh at first, the liver eleven times, the 
lungs nearly 20 times, and tlie biain 4 times as large. 

Quite as striking Is the change In the comparative percentage 
of the rnlneial salts in the Ivody of a growing child In the 
ease of the cartilage, tor example, the proimrtton Is 2 24 ihm' 
cent at 6 numllia ot age, 3CM1 iier cent at 3 years, and 7 25) 
per cent at the age of 10 These figures make it sufficiently 
obvious why ease and grace of movement shoubl be attained 
by dan<‘ing, climbing, running and other physical exercises In 
early youth, and why on the other hand the greatest eaie 
Should be taken to prevent the strains attendant uptm heavy 
lifting and the possibilities of curvature of the spine and 
other deformities exmsequent uixm a too long contlnuami; In 
a given position or action. These conHlderatlous arc enough 
to emphasize the danger of factory work tor clilldren. 

Even In the composition of tht blood there is a marked 
difference — that of the child containing such a large ivercent- 
age of white blood corpuscles, or leucot^ytes, that should the 
blood of an adult contain the same proi>ortlon he would be 
regarded as seriously aneemic. 

But In nothing is the difference between youth and ma- 
turity more marked than In the manifold alterations which 
occur In the bones of the skull during adolescence, and clearly 
this is a matter of prime importance with regard to a wise 
plan of education. Not only is the size of the skull in rela- 
tion to the height of the Invidual dlffei;ent In the child, but 
there Is a difference as concerns the relation between the 


height and breadth of the skull It self In a new -horn Infant 
the skull IS c^omparulively large, its length being one-fourth 
that of the entire height. At 2 jears of age this proportion has 
decreased to 3/5, at six to l/d, at 15 to 1/7, and at 26 to 
Ag«jln the skull is at least as br<»ad ns it Is long in the new- 
iKirn child at Its iHiJiit (»r greatest v\ldth whereas in the 
adult the breadth equals only % of flu- length The size and 
form of the separate bones of the skull vary considerably at 
different ages during childhood and In conseqllen^'e of this 
the relative tiosltion of the features undergoes variation. Thus 
«il birth tlie nostrils are plio^ed only a short distance below 
the socket of the eye, but as the Infant develops this distance 
gradually liwreases 

When first hol-n the Infant Is tiranlcally blind und deaf. In 
the infant the Enstuchiiin lube lies In a nearly horizontal po- 
sition, wdille it bends abruptly downward in the adult. For 
this reason liiflammailon of the nasal passages and the throat 
inueh more readily iiffe<t the mbldle ear in the child. There 
are m.iikisl iliffereui'es, t(K>, in the formation of the tongue and 
of the luryuix, and untnrnny these are closely concerned with 
the development of the powers of sp<»ech 

Pei'UlIarly remarkable in chlldieu is the large size of the 
thymus gldnd, which is alino.sl as large at birth tt.s the left' 
side of the lungs q'his gland continues to increase in size 
till alKuit the third year, leuiafiiK practically stationary till 
tlie heginulng of pnherty and I lien disiippear.s. It apparently 
exerts a definite influence uism the inetahollHin of early chlld- 
IkwmI 

We cann’fft here ^ Into all the variations which owur in the 
vital organs during growth, hut It Is worth wlille mentioning 
that during childhood the heart is comparatively small with 
respect to the height of the body, while the arterial system 
IS highly devehqied. When puberty arrives these proportions 
are gradually reversed As a result of these conditions the 
blo<»d pressure of a child is lower than that of an adult, ex- 
cept In the lungs, where It U higher because the lung artery 
in a child has a gre.itor diameter than the main artery. 
This causes a more rapid breuliiing and a greater liberation 
of COa. Thlfc. explains the greater activity of the child and 
the crueltv and folly of requiring it to inalntalu the Mime 
position for hours at a time. 

Particular attention Is due, too, to the differences in the 
spine, which is broader and shorter in the child than in the 
adult. It Is extremely soft and flexible, too, hence the danger 
of curvature, which is sometiraea induced merely hy carrying 
a heavy load of l>ooks always on one side. 

Enpugh has been said, we believe, to show that the faculty 
of every school, whether public or private, should Include at 
least one member who haw n definite knowledge of juvenile 
anatomy at every period of growth. 
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©AN DIECOO BAT PHOTOORAPHBD FROM AN BL®VATIO\ OK 3,000 KKCT 

ABOVE POINT T/>MA 


CROATS OP CIRUO-CUMTTLT7S CI/)TTI>8 
PROM AN OLOVATION OP 6.650 FEET 


Photographing Clouds from an Airplane* 

Journey Through ^The Landscape of the Sky” 

By Ford A. Carpenter 

Manager of the Department of Meteorology and Aeronautica of the Loa Angeles Chamber of Commerce 


B eing out of kodak Rims the writer dropped down from 
a ten-thouMund-foot altitude, requisitioned a Ford from 
the transport ofllcer at Itoekwell Held and crossed the 
causeway to Coronado. Sauntering into tlie cool and spacious 
lobby of the Hotel del Coronado he asked the dork the wav 
to the photograph department. The clerk recognized him as 
the former Weather Man at San Diego and greeted him 
heartily. *‘Won*t you stay and have dinner with us?” “No.” 

1 replied, ‘T promised Frank Miller, Master of the Inn at 
Blverslde, when I lunched there this afternoon, to dine with 
him on my return this evening” As I turned to buy the 
kodak Aims one of the flannol-clud, bored-looking individuals 
who had heard the oonvermitlon detained me with “Beg your 
pardon, but did I bear correctly? That you had lunched this 
afternoon at Blverslde, and expect to dine there at six o’clock 
tonight?” “Sure,” I replied, “I left the Mission Inn shortly 
after one o*elock, motored to March field, took a JN-4 and 
having used up the last of my kodak films dropped down here 
to get some more.” “No, I am not an aviator — Just a plain, 
ordinary citizen out on a cloud photographing trip” The 
fiannel'Clad individual fllpi>ed the ash from his cigarette, 
turned to his interested cou^mnion and ejaculated. “Here’s 
where ray ten-thousand-dollar Rolls-Koyce goes Into the 
discard.” 

To my mind this incident Illustrates the early superseding 
of the automobile by the airplane by people who want to 
accomplish a Journey quickly and comfortably. All air-lunes 
are direct and smooth, altliough In rare cases perhaps a trifte 
billowy. While the aviator should be oompclent to “stunt” In 
an emergency It should be no more the rule to practice acro- 
batics In the air than for the ordinary tonring car to emulate 
a daredevil auto racer. 

The three-hundred mile cross-country flight of last July 
was made for the purpose of pliotogruphiiig the higher va- 
riety of smhtnii^ clouds and studying them at close range 
Incidentally to extend further our studies into differing 

air levels, continuing this work begun in June. Most of my 
investigation Into air levels of southern California has been 
accomplished by means of free balloons during a dozen or 
more flight during all hours of the day and night. 

•AiwttAlSSd" from The Aoe, Jan., 1020, Copyright 1010 by the 
author ari^'tho Ace PubliBbing Co 


Recognizing the Importaure of aerial mapping and cloud 
studies from aloft, the Director of Air Service kindly placed 
a two-seater and an experienced pilot, Lieut. H. E. Queen, at 
my disposal for the afternoon, I decided to make the trian- 
gular course from Riverside to San Diego and along the coast 
from San Diego to Ix)s Angeles and thence to the place of 
starting The accompanying photographs with their notes 
were all made by the writer while In the air. Following out 
a custom Inaugurated early in 1911, when air work was first 
begun by him, a flvo-mlnute log was kept The importance 
of mokling one’s notes and sketches at regular intervals at 
the tivie cannot be too highly rocommended. I believe that 
most of the errors of observation are those which creep Into 
notes made afterwards, and, doubtless, are unintentionally col- 
ored by the imagination. 

NOIK nOOK KNTRIES 

Note lK)ok of airplane flight of Jul> 17, 1919, showb the 
following summary : 

^lureh Field to San Diego and return via Los Angeles: 

Flight Mins. Miles 

Ar DeMlUe Field 5.27 P. M. 

Ar Rockwell Field 2 :21 P, M. 76 90 

No. 2 Lv Rockwell Field 3:39 P. M. 

Ar DeMlUe Field 5:27 P. M. 108 130 

No 3 Lv Rockwell Field 6:02 P. M. 

Ar March Field 0.57 P, M. 55 00 

Totals 239 280 

OBSCBXATION OF CXX)UDS. 

To the aviator, clouds are a sure guide to the Weather in 
the different air levels, and too much enoiphasis cannot be laid 
upon the importance of a thorough knowledge of cloud struc- 
ture, cloud movement and the resulting weather conditions. 
To my mind cloud study should comprise as much as one-half 
of a course In meteorology. 

Previous to the last few hundred years weather forecasting 
with the least pretense to a scientific basis was founded on 
no other observations than the character and movement of 
clouds. And now, at the present stage of the knowledge of 
meteorology, they still give the most valuable local indication 
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LANDING XnaOUOH VEIX) CLOUDS ON THE 
ROOKWBLT. FIEI,D 


MOUNT SOI-^DAD (LA JOLI^) PARTLY COVERED 
WITH YRLO CLOUD 


of ooiulng <*hrtni(vs In w^^ather conditions The <‘lou(l9, by 
their character, Indicate the observer’s position and proximity 
with reference to the low pressure aiea 
A moment's reflection shows that the true direction, as well 
as the force of the drift of tlie eurt)»'s atmosphere, as de- 
picted by the t*louds, Is conclusive as a weather Indication only 
In that It deternimes the relati\e iK>sItion and Intensity of the 
storm center. 

**\VfcAlJlKK’' IS LWDEK 20, (KK) HCET 

The layer of cloud covering the earth is relatively very thin 
If, for example, we exmld examine the earth from the moon, 
w'e would doubtless see a veil of cloud covering little more 
than half the surface. At that distance the clouds would have 
no texture, the earth would appear swathed in an irregular 
sheet of formless vapor, through wdilch, from time to time, 
the land and water areas could be seen 
The oloud-tuver of the earth is most attenuated, it may be 
compared to a fllm, for it is supiK>sed to be less than one eight- 
hundredth of the earth’s diameter In vertical thickness. 

The thinness of tlie earth’s atmosphere may be more clearly 
comprehended if w’e reallize that the relative thickness of the 
cloud-layer on an eight-inch terrestrial globe would be about 
one-hundredth of an Inch. Yet it is in this thin belt that 
clouds form, so that it is seen our weather Is produced within 
limited conftnc^^ 

It la not ofteu given one to select a day when roost va- 
rieties of clouds are In evidence. First 1 thought that there 
would be Insufficient clmida on the day selected, and later, 
from the threatening aspect of the cumulo-nimbus clouds 
over the mountains and in the high levels. It seemed as if 
there might be loo many varieties of the sterner sort Fortune 
again favored me and we bad on this Journey practically all 
of the varletleai 

< OMPOSITION Ot I U)UDS 

Clouds occur whenever the temperature is lower than the 
saturation-point of the air, so that no matter how light or 
fleecy they may be, or how dense may be the fog, the cloud- 
mass shows by Its presence that precipitation is taking place. 
Their height defines their relative density. 

Here are the general idasslflcatlons: Cirrus, cumulus, 
stratus and nimbus. 

Cirrus, the Highest Cloud.— Thin Is of delicate fiber, feathery 
In structure and pure white In color. It la the most elevated 
of all clouds, having an average altitude of five miles, and 
sometimes extending Into the lower limit of the so-called 
isothermal region of the atmosphere This cloud Is doubtless 
composed of spiculae of Ice. A popular name for this cloud is 
“mare’s tails,” and It Is the wind clohd of the sailors. 


the Day Cloud — Tlie typical summer clouds that 
thrust (heir heads up into tlic air — they are the grout conven- 
tional clouds Generally speaking they are thick and dense 
and their tops are smaller than their bases. As they are 
caused by ascending curreutn, their life Is dependent upon 
the duration of the vertical current, so that when the air 
ceases to rise, the cloud disappears During the asc^ent of the 
sounding balloons at Avalon, Catalina Island, in the summer 
of 1913, especial care had to be taken not to let loose the 
balloons during the proximity of cumulus clouds, as they 
were the danger signals of strong upward air currents. 

Stratus, the Lower Cloud, is a gray, undefined cloud sheet ; in 
fact, any horizontal mass of uniform thickness, independent 
of iielght, characterizes this cloud When It Is of low altitude 
It sometimes becomes the velo cloud The stratus cloud Is of 
cvuisiderulde value as an Insulator of the sun’s rays, and, on 
the other hand, almost entirely checks the loss of heat by 
radiation from the earth at night. May and June would be 
among the hot months In littoral Califoniln were it not for 
the c'loud then prevailing. In winter, citrus growers know 
that there will be no frost if stratus clouds are present, for 
they serve us a blanket and thus hold the eartli’s heat. 

Nimbus, the Uam Cloud, Is, technically, any cloud mass 
from which precipitation is falling It alw^ays forms under a 
higher variety of cloud. 

MODDK’ATION OF C1.0UD FORMS 

These four are the general classification of clouds all over 
the world A inodlflcation of these vurlet1e.s gives the follow- 
ing niodlflcutioDs * 

Cirro-Stratus, which Is easily distinguished by the fact that 
in It are formed the halos The dlfPractlon of light by this 
cloud produces rings around the sun and moon, technically 
known as the solar and lunar halos of 22“ and 45® radii. 

Ctrro^tuuvulus forms in semi-transparent balls; It Is the 
. m. kerel skj cloud that forms suddenly and marks the tran- 
sitory stage between a higher and a lower variety, or vice 
versa This cloud was very much In evidence within a quarter 
of an hour after leaving March Field, It was like sailing from 
one aerial haystack to another, so well-defined were these 
round cloudy masses When this cloud is accompli nled by 
threatening phenomena It Ls the surest rain Indication that 
we have In southern Oallfomla 

Alto-Cumulus Is composed of small musses of cumulus 
cloud In fmrallel rows. 

Fracto-Cumulus — ^Thls terra Is applied to a cumulus cloud 
when its edges are torn or shredded by the wind. 

Alto-Stratus is u high stratus cloud, nearly always thicken- 
ing Into the ordinary low type and becomes a somewhat threat- 
ening cloud. This formation causes solar and lunar ooronae. 
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^trato-CnmHli4H. — Lour feathery rolls, which are shallow 
In winter, and If present Ju quantities, are a threntenlng Indl* 
cation. During the spring and surmner, they generally disap- 
pear without causing precipitation. 

Fravto-Siratus is the lowest cloud fhrm, and is therefore 
only a slight remove from fog tattered by the surface wind, 

Vumulo-Nimbus is the ‘'thunderhead," and the most impres- 
sive of all cloud forms. When whispa of thundercloud are seen 
above the towering masses they are called *^alse cirrus.’* 

Fracio-Ntmhvs — Near the level of the sea this Is the “scud*^ 
of the si\llors. Among the higher levels, it sometimes occurs as 
u trail of cloud dark with moisture stringing after the larger 
cloud, sometimes dlsHiputing before the lower edges of the 
veil reach the earth. 

The study of the cornxKisi tion of the clouds Is quite impor- 
tant if we wish to Interpret their meteorological significance 
correctly. The altering coiniK)8ltion of a cloud-mass, whether 
a higher cloud Is changing to a lower variety, or whether a 
cloud near the earth is dissipating — ^both processes having a di- 
rect iK'Jiring on lo<*al \\eather conditions. 

l-OUMATION OF CLOUDS. 

Bef<ire leaving this suhiect let us examine Into the causes 
which underlie the structuie of cloud 

Minute nuclei make iwsslhle formation. Laboratory experi- 
ments demonstrate that condensation in air canned occur un- 
less there Is some oblecd on which the condensation can take 
place, whether It be a material surface, a dust or water 
particle. 

Nuclei are necessary f<»r the formation of a water drop 
It is u moat Important fact that a water drop catmot be formed 
in the free air unless there first be a nucleus on \Nhich the 
moisture cun be deposited The nuclei may bo dust particles 
or Ions, Experiments show that the coiidensaUon occurs at a 
much lower tempisrature in dust-free air, ho that dustr particles 
are by far ilia more important source of nuclei. As tor dust, 
it must not be supposed that condensaUoii is delaj’ed on ac* 
count of the abson<»e of dust nuclei, for we have no Instance in 
nature where the air Is so pure near the earth that vaiwr could 
not form A beam of light, w'hether It he from the sun or an 
artificial soun'e, shows Iniiuinerahle dust motes In Its pro- 
jection through the air. In fact, we know that light itself is 
made visible because of tlie presem'e (ff tbeso dust motes. 
The duHlIcr the air, the greater the diffusion of light. As 
iomlzed air pernrits condensation though dust may be absent, it 
Is probable that the condensation at the higher le\els of the 
atmoHphere may bo thus caused 

TllK SI/L OF A DROP OF W’ATfrJl. 

The size of water drops has been found to a^e^age one- 
thousandth of an inch in diameter. Exfierlments prove that 
such a drop falls at the rate of two Inches i»er second This 
unusually slow rate led the earlier luvestigaUirs to believe that 
droplets were hollow spheres, hence the vesicular thvovy of 
rain formation. It has since been discovered that pui tides 
of steuin or fog are solid globes. Ascending air currents 
readily suspend such minute and slowly falling particles, often 
forcing them upward a great distance. In the case of tlnin- 
der storiiiH, the convecthmal force is terrific; witness the 
size of hailstones which owe their size to their being forced 
upward many times to a great height for their numerous coat- 
ings of Ice. 

Coiideimtlon necessary for the formal Ion of clouds may 
be caused b> dther convection or contact Convectional clouds 
are prodiu*ed not tiecause the air mass rises into a colder re- 
gion, but because the mass Itself has been dynamically cooled. 
CiirauUiH douds, rain clouds, and rain Itself, are due to dy- 
namic cooling. 

Another form of conveilion results from the great whirling 
eddies of the atmosphere, which are the 'lows’* of the weather 
map. lA)cal tetluctiou in atmospheric pressure will also cause 
as<^ndkng currents. 

Jt m 


Down OUBttNTS CttVB FAia WKATHJCB, UP CUROENTS BAIW. 

Whether or not the currents are ascending or descending 
may be readily observed by tlie tips or tofts of the clood 
formation. If these feather edges <kolDt downward, we teiptw 
that the winds are descending and therefore becoming warid 
and dry; if ascending they are becoming cool and moisture- 
laden. Local ascending currents may be caused by forest 
or other fires. Spectators of the great San Francisco fire de- 
scribed a towering cumulus clood which overhung the horn- 
ing city. When a fierce forest fire occurs oh o calm day a 
small cutnulos cloud capping the smoke column is not an un- 
usual sight. 

measubEmekts up p ,108,000 fekt of altitude. 

In the summer 1013 cloud investigations were carried on 
by the aid of free balloons. For example, the balloon soundings 
at Avalon in July and August of that year revealed some of the 
Innermost secrets of the clouds. The records from the instru- 
ments, which soared twenty ndles and over, showed that the 
steady decrease in moisture is uniform, becoming practically 
nil at the upper limits. 

It was also found that the "velo cloud’** (a cloud peculiar 
to the Padfic coast, which will bo described later) extends 
upwards on an average of one-quarter of a mile; that the 
trade-wind is about two and one-half miles thick; and that 
the particles composing the highest cirrus clouds are widely 
separated and are cunlinually forming and re-forming, gener- 
ally ut an elevation cxceetling five miles. 

THE LIOXH OF THE SKY. 

The first clouds encountered on this Journey were the 
cuinulo-ninibus In the air it is sometimes difficult to deter- 
mine whether a towering thunderhead is a cloud or a mlst- 
covereil mountain 

At first sight It was somewhat terrifying, for the plane w'as 
.apparently lienthHl for destruction. But like Bunjan’s lions 
their appearance only was terrifying. 

It w^as observ’ed especially whether the eddying wind move- 
ment in the vicinity of these clouds affected the behavior of 
the ship It did not Perhni>fe it was owing to the skill of the 
navigator, much as a gcnnl sailor will so take advantage of 
wund and currents as to keep his vessel from either pitching 
or rolling. 

THE SHEl-J* OF THE SKY. 

If the thunderheads are the lions of the sky, then the 
cirro-cumulus are the peaceful sbeep. In regard to the curo- 
cumulus ray notes say : 

“No sight Is more exquisite than the cirro-cumulus cloud- 
flecked air as seen from above “ 

As these cirro-cumulus clouds became more closely packed 
it was like sailing from one hlll-top of mist to another. We 
passed through several, some were dense enough to obscure 
the light, and this part of the journey was like traveling 
through a very short and quite dark tunnel. 

Tlie minutes sped by so rapidly that before I realized It 
the long low-lying cloud wbh'h had been observed skirting 
tlie const resolved itself into our old familiar friend the velo 
cloud. 

THE VELO CLOUD, 

This cloud Is peculiarl> a product of the Pacific coast; of 
all the delightful memories of San Diego the one that sticks 
closest is that of this early morning and late evening cloud. 
The Walter described this <1oud in a small volume on local 
climatology^' from which the following has been condensed : 

"el velo d« la luz.” 

The challenge, "We all know the winters are warm in San 
Diego, therefore the summers must be hot,’* constitutes the 
most common misunderetandiog of San Dlego'e cool summers. 
The fact that there is less than one hour per year above 90 

M;nim«te and Weather of San tKego, by Ford A, Carpenter, IConnt 
Pleasant Press, 1918, 
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CIURaSTTEATUS CLOUDS IN WHICH SOLAR HALOS LOOKINO DOWN ON A CmCUI-O-NlMBUS CTX>UD8 COMMONLY 
ABB FOBMBD CIRRO-CUMULUS CLOUD KNOWN AS ‘THUNDBBHHADfil»» 


degrees is not easy to explain, until remember the old 
Mexiican phrase, El velo de la luz, “The veil that hides the 
light.'* , This is a folklore expression, originating not only 
before the Gringo came, but, doubtless, long before the coming 
of the old Spanish conquistadors The bettor-known Bhiglish 
term, “high fog,” has, in common with most words of our 
language, a double meaning, and it Is misleading to a non- 
resident. 

It Is not fog In the generally accepted meaning, for this 
“light veil’* Is neither cold nor excessively moisture-laden 
Neither is It high, for its altitude is less than a thousand 
feet. 

While the velo cloud is common to the Pacific coast gen- 
erally, and has been observed as far north as the Straits of 
Fuca, this cloud reached Its i>erfectlou over the Ifttoral region 
of southern California. 

The velo cloud is the chief characteristic of the summer 
climate of the San Diego Bay region And summer should 
be understood as covering all the year excepting November, 
December, January and February. These four months could 
easily be reckoned as spring-time. 

The screening of this region from the sun's rays Is so thor- 
oughly accomplished that, during a normal summer’s day, the 
sun breaks through the velo cloud about 10 o'clock, the sky 
clearing shortly afterwards and remaining free from clouds 
until about sunset 

That the velo cloud Is effective as a sun-shield, it needs 
only to be stated that the average of all the July maximum 
weather temperatures since weather observations began shows 
a mean of about 78 degrees. 

The cause of the formation of the celo cloud and, conse- 
quently, the cool summers of San Diego Is, strange to say, 
found In the hot weather In the interior of California and 
Arizona. It is a unique example of the aptness of the proverb, 
“It's an 111 Wind that blows nobody gpod.” 


The hot weather In the interior produces an aerial eddy 
(the “low” of the weather map), and the difference in atmos- 
pheric pressure between the Interior and the ocean results in 
giving San Diego cool, uniform days and nights, free from 
extremes, or wlmt Is really the summer temperature of the 
Pacific ocean The velo cloud should therefore be Incorporated 
In our local vocabulary, and it slumld replace the misnomer 
“high fog.” 

LAKES AS SKE?? >KOM THE AIB. 

One of the most exquisite views from a plane, in my opinion, 
Is a lake or reservoir, aiiid Luke Hodges on the San Dlegulto 
River, which we passed over ut nearly eight thousand feet ele- 
vation, was no exception to the rule. 

Owing to the lime of the year the water In this artificial 
lake was somewhat depleted, leaving a shimmering, white bor- 
der which formed the edge of the hike 

As Lake Hodges was not on the map It was quite discon- 
certing to locate our whereal>outs but with the compass I 
decided that the lake liad bmi created since the map was 
printed. 

This Is another example of the usefulness of the airplane 
in not only showing very <*learly the necessity for accurate 
maps, hut filling that want with the aid of a camera. 

COLOBING FROM THE AIB. 

I never cense to man cl, when In either on airplane or In a 
balloon, at the colors which spread out beneath one. This 
was especially true In negotiating the air over the beautiful 
grounds of the ihousand-acre park, not long since the scene of 
the Panaina-Pnelflc Exposition, Owing to the vertical vision 
there are advantages al)out airplane and balloon observation 
totally lacking in any other view. 

Someone has compared such a scone to an exquisite Persian 
rug spread out beneath him. Be that as It may, every field, 
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e\ery kind of crop, tlie var>iDii: geoloigicul formations all stand 
out with startling clearness. Viewed from above, low trees, 
brush and other chaparral have u texture of almost inviting 
downiness. 1 have often thought that a good colorist could 
make his fortune if he would paint from a balloon basket or 
the cockpit of an airplane. 

As In all art there la no gain without some loss. Although 
the wdors stand out wdth great vividness the majesty of the 
mountains and the beauty <kf the canyons and the running 
streams is lost. In my opinion there Is still but one way to 
enJo 3 ' nature and that is on foot or on horseback. The air- 
plane Is no Improvement oNer the autoraohllo for the enjoyment 
of scenery. 

From Point Lomu on until we swung inland near Point 
Firmln the trip was that of a seaplane. For nearly one hun- 
dred miles the plane thundered Its way on an even keel fonr 
thousand feet nliove the sldmmerlng sea. Whenever the ship 
swung towards the shore, even ever so slightly, the differing 
paths couid be readily determined by the contrasting shades. 
As color values were entrancing when Hying over the fields, so 
also was the sight when skimming the meadow*s of the sea 
with Its acres and acres of exquisitely colored seaw'ced This 
was especially in evidence us we winged our way over J^a 
Jolla with its turquoica* bay and paralleled opalescent cliffs 
of Del Mur The hum of the motor and the singing of tlie 
struts and stays in the hurrying air, together with the even 
temperature so near the ocean, produced a drowsiness and 
only the Imperative duty of making five-minute notes kept 
me awake. 

A l>UY 810 r. 001 CAL SULK-EXAMINATION 

Seated comfortably and calmly In the protected cockpit I 
took advantage of the opportunity for a careful self-examinu* 
tlon as to the effect of dying on the human system so far as I 
was personally concerned I reviewed the pulse tests which 
I hod mode at differing elevations; nt 10,000 feet or at 2,000 
there was not the difference of half a dozen heats. The 
bodily temperature remained the same nt different altitudes 
In the sudden dix)p from 10,000 feet to sea-level at Rockwell 
Field 1 noticed pains In the oars which lasted several minutes 
after landing. There was not nt any time the least sensation 
of dizziness, although being rapidly subject to seasickness or 
carslckness. I had long wanted to try out whether or not 1 
could hear myself shout In a plane. Removing the helmet I 
^clletl at the top of my voice, but such was the drone of the 
motor and tlie hurricane blast of air that even the head-noise 
(*ould not l>e distinguished. 

W'lND EFFECT Ol DKBOrCIIlNO cAnYONS. 

Most pilots state that with a fast plane there la no appre- 
ciable effect on traveling past ihe mouth of cuujous debouch- 
ing Into the sea. In order to prove or disprove this tlie fol 
huvlng observations were made. As is well known, the sea* 
vonBt from Point Lomn to Point Firmln Is furrowed by deep 
(*nnyons emptying Into the ocean. The speeil of the plane 
was too rapid to permit a view of approaching canyons, so for 
several minutes at a time 1 dosed m 5 eyes In order that sight 
might not confuse a preconceived notion, only opening them 
w'hen the ship lurched. Five observations thus made of slight 
sideslips were directly traceable to the passing of canyon 
mouths, 

PHOTOOBAPHIC XQTJIPMRNT. 

Perhaps a word as to the photographic equipment used in 
tills Journey may not be out of place. 

It has long bem my feeling that It was the man behind the 
gun rather than the gun that brought down the game — but 
that goes without saying. At any rate I think that a man 
should take with him a camera which be is perfectly familiar 
with. My own practice Is to use a common kodak fitted with 
a fine astlgmat lens and a reliable shutter. A universal di- 
rect view finder Is essential as are also two kinds of ray- 
filters. On my first Journey, many years ago, I was foolish 


enough to take a foreground filter 1 Little did 1 then realize 
that there is no foreground Ip the air I Also, there is no need 
for focusing. It U necessary to set the scale at 100 feet and 
the shutter and diaphragm at appropriate values and use the 
camera as man would a machine-gun. 

One precaution is necessary in the air: the film must he 
rolled up with great deliberutlon, for quick turning of the 
spool will cause static In the dry air of these elevations with 
cemsequent hair lines and blotches on the film. The film must 
be handled with extreme care both before and after taking 
the picture. 

INSTRUMENTS USED ON TJIE TRIP. 

Before bringing this narrative to a close It might be worth 
while to mention some of the Instruments used Independently 
of the regulation altimeter, compass, etc. 1 refer to the photo- 
graphic and meteorological apparatus. 

BAROOBAPH BECOBD OF JOURNEY. 

Two barographs were taken on this journey, one recording 
on an open scale up to five thousand feet and the other over 
a more constricted profile up to fifteen thousand feet. Both in- 
struments gave highly comparable and therefore satisfactory 
results Naturally the needle passed off the limits of tlie sheet 
on the first Instrument, but all of the Journey was recorded 
on the second barograph with five thousand feet to spare. 

1 found these barographs of very great utility In all Jour- 
neys whether on foot, horseback, automobile, railroad, balloon 
(»r airplane. In fact on all means of travel save by steamboat, 
these barographs give an automatic record of every moment 
of the Journey. 

THE HOMEWARD IIIOHT 

After traversing more than half a bundled miles of air 
fragrant with orange blossoms wa* Hew o\er RI\erside and 
dropped into the home field A few inlnules after landing I 
vras on u motorcycle and shortly afterwanis passed through 
the hosx>l table arches of the Mission Inn Here was where I 
had lunched only a few hours belore and now the cool and 
quiet Interior and w^arm and friemily greeting (»f the Master 
of the Inn added the finishing iouches of antlpipiitlon of the 
waiting dinner. 

And thus this air trip was ended ninety miles over the 
mountains, one hundred and thirty along the sea coast and 
sixty over the orange and lemon groves Into these four hours 
of flying were crowded studies <»f air currents, photographing 
of clouds at close range; testing out of stune Intuitional theo- 
ries and the Intlnuite observation of land, sea and sky. So 
much was thus made possible in so little time that to my 
mind this Journey brings out with startling dUtinctness the 
one great outstanding fact In flying — the expansion of time 
In obeying the scriptural Injunction *'shall mount up with 
wings as eagles" the airman takes hold upon divinity for can 
he not also say with scripture “One day is with the Lord as a 
thousand years, and a thousand years as one day?” 


LUNAR CRATERS. 

Photoobaphs taken from the air of the effect of bomb- 
dropping on a fairly large scale afford very plausible evidence 
that the lunar craters are more likely to have been formed by 
impact than by volcanic action, according to H. B. Ives 
(Aatrophpmcal Jot/mal, Nov., 1919, pp. 245-250). He meets 
some of the supposed difficulties which have been brought for- 
ward In opposition to the bombardment theory: e.g., the ab- 
sence of similar effects on the earth ; the prevalence of the 
circular shape, and so on, and he replies to the objection that 
meteors are not explosive bomba, by the argument that the enor- 
mous heat generated by a direct collision with the moon’s 
surface, far greater than that which causes fire-balls to ex- 
plode In our atmosphere without reaching the earth’s surface, 
Is more than sufficient to produce all the explosive effect 
necessary . — Science Abetrade, 



Did the Babylonian Astronomers Possess Telescopes?* 

Their Observations of Venus, Mars, and Saturn 

By Dr. Heinrich Hein ' ^ 


T HB two planets which stand closest to the sun. Mer- 
cury and Venus, when observed through the telescope 
exhibit a sickle form like that of the moon t/nd for 
the sam^ reasons. Only one-half of their spherical surface 
can be Illuminated by the sun, and since their orbits are within 
that of the earth they must necessarily turn towards the 
earth a larger or smaller portion of their non-illuminated 
noctural side. Consequently the portion of the Illuminated 
diurnal side of these planets which we are capable of still 
seeing from tlie surface of the earth pusses through phases 
like those of the moon. Fig, 1 shows the apparent magnitude 
uud varying form of Venus, 

It was in the year 1610 that Galileo first gazed upon Venus 
with his newly const rurted telescope and perceived her sickle- 
like form. In none of the writings of the ancient Greeks and 
Romans and In none of the astrunornlcal works of the Arabs 
Is there any Indication that anyone before Galileo had ever 
perceived the sickle form of Venus. It is not until very 
recently that any uncertainty has been felt as to whether 
Galileo was really the first dlsco\erer of the phases of Venus 
Some years ago, however, the following prophecy was dis- 
covered written In cuneiform letters and uttered l»y' some 
Babylonian astrologer. 

“When It Cometh to pass that Venus hideth a star with her 
right lu»rn and when Venua Is large and the star is small, 
then will the King of Klam be strong and mighty, holding 
sway over the four corners of the earth, and other kings will 
pav him tribute ** 

This IS then iminodlatelj rei>eated with the exception 
that the word right Is replaced by Jeft and tlie name Elam by 
that of Akkad Akkad signifies Babylonia, the arch enemy 
of Klam, and tlie.se two nations nere In ancient days (cc 2,000 
BC) the onlj two great jxiuers of Asia Minor, and were 
engaged In a struggle with eucli otlier for the mubtery of the 
world as known to them, l.e , for the rulershlp over the whole 
of Asia Minor Tlie blotting out of a small star by the “liom“ 
of Venus must have been such an extraordinary occurrence as 
to Induce the astrologer to connect with It the greatest 
prize in his ixiwer lo offer, dominion over tlie four corners 
of the world. 

There Is absolutely no doubt that the Babylonian word In 
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question signifies horn. Hence It really looks as If the Baby- 
lonians had recognized the phases of Venus. But since they 
had no telescopes they must obviously have perceived the 
planet*8 form resembling a sickle with the naked eye. Yet, as 
we have said, neither the Greeks nor the Romans were ever 
able to see the horn of Venus although their astronomers stud- 

*Translsted for the Scisntific American Monthly from fosmoe 
(Stuttgart), February, 19S0. 


led the planets zealously enough. In the northern part of 
Europe the evening star was observed very diligently long 
before Galileo and yet no one ever perceived Its phases. 

Hence It has been suggested that the Babylonians must 
have possessed exceptionally favorable conditions. The air 
Is clearer In that region than in Europe — so clear that bodies 
upon earth are capable of throwing shadows In the light of 
Venus — so clear Indeed that It is possible to recognize Venus 
with the naked eye even In the light of day; furthermore, 
the Babylonians are credited wdth sharp eyes, A certain 
Assyriologist assures me indeed that some astronomers have 



FIG 2, DlAQIiAM OF THB SIMI^LE CX>NVBX LENS EM- 
PLOYED AS A MAGNIFYING GLABS 

l)een <*apable of observing the phases of Venus witli the 
nuked eje In the clear atmosphere of Oriental lands 

The reasons thus advanced for the thesis in question ure 
not all entirely satisfactory. Even in Europe Venus is capable 
of throwing shadows under specially favorable circumstances; 
likewMso, WT too can see Venus by daylight when conditions 
aie such that the planet iKi^esses her greatest degree of 
iirillhmce and when the observer knows exactly that point of 
the heav^ens in which to Uwik for her. Anyone who has ever 
sought to lo(*ate the brighter fixed Stars at the first fall of 
night knows how difflcult It often Is to find them at first and 
how' readily they can be found again after they have been once 
located. NaiKdooa I once saw Venus In the full light of day 
ui>oii an occasion when he chiinced to cast his eye upon the 
right spot in the heavens and thereafter counted the planet 
us his special star of fortune As for the supposed keen eye- 
sight of the Babylonians U certainly seems peculiar that the 
Arabian aatronomers who searched the heavens very diligently 
in later centuries urwler exactly the same <*oudltlons, had no 
knowledge of Venus's changing form. 

As for myself I do not consider it imix^sstble to perceive 
with the naked o\e a certain degree of elongation in an object 
of the size and form of Venus when she possesses her great- 
est brilllunct^ and at a tune wdien she appears both some- 
what larger and somewhat narrow^er (for Venus does not xws- 
sess her greatest apparent magnitude at the time of her 
greatest brilliance). But In such a case such an object could 
not be so bright as Venus, for the reason that very bright 
olijeots Hpix'ur to lUiualnute the retina over a iiiu<*h larger 
i'lrcumference than is actually the case — they appear to be 
enlarged The arc of an arc light is no larger than a caudle 
tlame or a gas flame of thp kind formerly used, l.e , without 
a mantle From a groat distance the arc light appears like a 
brightly radiant disk, whereas the candle or gas flame at the 
same distance will up])ear to be merely a yellow^ point of 
light Similarly it Is u well known fact that the brighter fixed 
stars appear to tlie human eye larger than those whose light 
is fainter, in spite of the fact that even In the strongest tele- 
scopes none of the fixed stars exhibits a perceptible diameter^ 
but they all resemble meie points.* It U the same with Venus. 
Human beings are touud rarely free from such a super-exci- 

Ht Is true al»o that the brlj^ter fixed etare appear to the human 
eye perceptibly greater than those whose light is fainter, although 
tuoue of the flxeiS starH exhibit a measurable diameter even ta the 
strongest telescoiM^. nud must therefore be lecorded as mere points 
of light. 



490 


SGlB{NTiriO AMgRIPAW MOMISLX 


3xmt^ %KO 


taiion (irradiation) of the retina. One such individual was 
the astroDoiner Hels, who wds able to recognise Mercuryf 
Venus, and Jupiter In the bright, light of day, and who per- 
ceived all the fixed stars us mere points, and wlio was able to 
distinguish eleven stars in the Pleiades, while the normal 
person perceives only six, and some few people can see seven 
or eight. 1 have never heard that lleis was able to recognise 
the phases of Venus, but if he could not do so this would weigh 
against the theory that the Babylonians were able to do 
so, ns it must likewise weigh against this theory that the 
Babylonians recogulKed only aeven stars in the Pleiades 
Thus it seems to me highly Improbable that the Babylonians 
were camible of observing the phases of Venus with the naked 
eye, if not entirely impossible I have, therefore, iiondered 
the question as to whether the Babylon! nus did not perhaps 
possess some sort of magnifying Instruments. We know that 
the uncients were acquainted with hollow mirrors, which 
were used as “shaving mirrors" are among us, to magnify the 
face and which were also used In Gret^ce, for example, like 
burning glasses in order to kindle the sacred sacrificial fire 
by the likht of the sun Itself. We are told, too, that some- 
what later Archimedes keiJt the Roman fleet away from the 
hnrlK)r of beleaguered Syracuse by means of powerful “burn- 
ing glasses” It occurred to me, therefore, that the obser- 
vation of the phases of Venus must have been made possible 
to the Babylonians by means of the burning glass or hollow 
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mirror. K\iTyone understands the method by which a burn- 
ing glass consisting of u convex Ions operates. E\ery one at 
one lime or another has thrown an image of the sun upon his 
hand with such a glu'<s or burnt a hole in a sheet of paper 
with It. The distance of the image of the sun from the lens 
is called the "focjtl distance" of the lens. At this distance 
not only an image of the sun Is tormed but likewise Images of 
all objects which arc located at ^ery great distances from the 
lens. This W readily ^e^lfled by using u lens at night to ex- 
periment with distant sources of light, such as bright windows, 
lanterns, etc. When the luminous object comes considerably 
closer to the lens its Image recedes from the lens; however, 
this fact does not here enter into the question. 

Let us assume for example that the Ions has a focal distance 
of one meter— this signifies that the lens will form an image of 
the sun at a distance of one meter from itself But It Is 
likewise true that an object only 100 meters distant will throw 
an Image at the same dlstam*e of one meter (practically speak- 
ing), but we must remember that the respective magnitudes of 
the object and the image bear the same relation to each other 
as do their distances, 1 e , In the instances referred to the 
object will be idO times as large as the imago* Again the 
diameter of the sun might be calculated with the same laws. 
The sun Is 150 millions km. dlataut from the earth. Hence if 
the sun’s image is formed at a distance of one meter this im- 
plies that the sun is 150 billion times as far from the lens of 
the image. Thus we need only measure the didmeter of the 
aigff Image in millimeters and multiply it by 150 billions and 
ipe shall obtain the diameter of the sun In millimeters. 


Suppose that the object situated at a distance of 100 
meters is a brightiy lighted window 100 centimeters high and 
observed in the evening. The image will be situated at a dis* 
tance of 1 meter and will be exactly 1 centimeter high. It 
can be received upon a pane of ground glass. If we now ob- 
serve the lighted window from a distance of 100 meters and 
the imago from a distance of I meter, it is obvious that both 



FIQ 4 THE MOST tOHEARLy MARKED PHASES OF VENUS 
AND OP &lAItS SHOWN IN THEIR CORRECT PROPORTION 
WITH RESPECT TO MAGNITUDE AND TO 
BRIGHTNESS . 65" AND 18" 

will appear of the stune size to the eye. (Thus from the 
view point of the lens the object In the image always appears 
the same size.) If we now desire to see the window appear 
four times ns large we must approach the actual window 
until we are only 25 meters distant However, this fourfold 
culurgeiuent can l>e obtained more comenlently by observing 
the Image at a distance of 25 centimeters Then the Image 
will apiiear four times as gix^at as the object at 100 meters’ 
distance. If the image has been reivlved upon a screen of 
ground glass, then It can be obser\ed from either side and the 
eye can upproacli the Image until the required degree of 
inugnlfication U obtaiiUHl, If the Image be regarded from the 
rear side of the ground gla.ss screen — in which ease the screen 
stands between the lens and the eye — the screen may be slowly 
moved forward We then observe that the image slowly moves 
dowm the sciwu until It finally hovers freely In space at the 
same point where It was first found upon the screen (see 
Fig. 2). 

The mutter may be summed up, therefore, as follows: The 
object at a distance of 100 meters appears to be of the same 
size as the image at a distance of 1 meter Since, however, 
the eye, iA not forced to regard the image at the distance of 
exactly 1 meter, but can without trouble observe it at a 
distance of 25 cm. it is possible to obtain with a simple lens 



FIG. 6. THE (MG«T MARKED PHAi»EB OP SATURN AND OF 
MARS SHOWN IN THEIR CORRECT PROPORTIONS AS TO 
MAGNITUDE THE BRIGHTNESS OF MIARS EXCEEDS 
THAT OF SATURN AS MUCH AS THAT OF VENUS DOES 
THAT OF MAKS (FIG. 4) 18" TIMES 42*^ AND 13" 

having a focal distance of 1 meter a fourfold enlargement of 
objects at a great distance. It Is my belief that this nse of 
tbe simple convex lens as a telescope Is entirely new, althougb 
such lenses have been employed as microscopes for centuries. 

Anyone who has a spectade lens of very slightly convex 
form can easily construct a one lens telescope for himeelf. 
Hie only thing reanlred is a caifdhoard tube. The fociU dls- 
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tance of the lens Is first determined, which Is readily done hy 
using it to form an image of the sun or the moon and then 
tneasaring the distance from the lens to the spot at which the 
said image is most sharply defined. Suppose that the focal 
distance happens to be 75 centimeters. Twenty-five centi- 
meters is then added to this and the tube Is made 100 cm. 
long. The lens is inserted at the forward end of the tube 
and the eye is placed at the rear end in order to observe any 
given object located at a great distance. It will be found that 
the said object appears as an inverted magnified image. The 
iTeld of vision is escactly as large as the lens and is, therefore, 
of no significance. When an ordinary spectacle lens Is em- 
ployed the image is somewhat distorted. The placing of the 
eye presents the chief difficulty. The best method Is to place 
a diaphragm In the tube at a distance of about 25 cm. from 
the eye at about the point where the image would be formed. 
The eye then has an indication as to where it cun be probably 
best placed. Anyone who has a long telescope tube needs 
only remove the rear lens, but In this case the eye must gen- 
erally be placed 15 to 20 cm. to the rear since telescope tubes 
can rarely be extended to so great a length as la here neces- 
sary'. It is now obvious that with a lens having a focal dlM> 
tance of 10 meters it Is possible to obtain a magnification of 40 
dlametem. The satme thing holds true wttlih iregard to 
concave mirrors as to the double convex lens employed above, 
with the exception that the observer must look within the 
mirror Instead of through It. 

It was not until a considerable time after 1 had come to the 
conclusion recorded above that I learned that certain Babylon- 
ian texts also H^eak of the horns of Mars. Since the Baby- 
lonians were also accustomed to apply the term “horn” to 
very slight swelllnga, it is possible that they had reference 
to the phases of Mam, though these are small (See Fig, B) 

Under the best circumstances we are able to see only about 
one-sixth of the dark nocturnal side of Mars But Mars is 
so very fur distant from the earth that It Is probably impossi- 
ble for the naked eye to perceive the disk distorted. Its diam- 
eter la hardly 15", whereas Venus exhibits u diameter of 55" 
at tlie perlrKl ^vllen the cuv\ed sickle form Is plainest to be 


seen (see Fig. 4). Hence It would be probably impossible 
for the unassisted eye to perceive a slight elongation of the 
planet. Thus the Babylonian reference to the horns of Mars 
likewise raises the question as to whether the Babylonians 
may not have possessed primitive instruments capable of 
telescopic observations — a question wlilch I believe can be 
answered in the affirmative, at least as regards the possibility. 

However, In spite of this poaHbtlitp 1 do not believe that the 
Babylonians reully did make use of the concave mirror as a 
telescope. Such mirrors must be ground in the form of a 
I)ortion of a whole sphere, or, better still, In parabolic form. 
Such grinding rciiuires machines, whereas it is cc^rtaln that 
the mirrors ground by hand which the Baliyloninns possessed 
were of shoit focal distance and such mirrors produce dis- 
torted Images Then, too, if they were able to recognize the 
phases of Murs they certainly must also have known some- 
thing aiiout the form of Saturn. The diameter of the latter 
Is about 10", and the largest diameter of the ring Is about 40". 
As we know, the ring disappears at times when we are looking 
straight at Its e<lge. This phenomenon, that Saturn possesses 
“horns” which it loses at times should not have escaped the 
observation of the Babylonians and must have Intrigued their 
imagination. In ease records of such obsorvatious are discov- 
ered with refti>ect to Saturn they would certainly furnish 
testimony in favor of the Babylonian’s use of the concave 
mirror us a telescope.* Until such a text Is discovered, how- 
ever, I shall be of opinion that the mention of the “horns” of 
Venus and of Mara refer to the phenomena of refraction In the 
air by means of which the former planet is distorted to re- 
semble a narrow line, which uilglit possibly extend to u small 
fixed star. Such an occurrence would be an exceedingly rare 
phenomenon, justifying an extraordinary prophecy 

^rho late M. W. Meyer mention*! somewhere tho represeuitation of 
th«» planet Saturn with rings by the naiiyhmlans However, the 
Babylonians sometimes r(i>resent other planets also as surrounded 
hy rings. In my (opinion onlv a dliect mention of tlie rings itii the 
cuneiform text would be ooiiivlnclng And we must recall, too, how 
difficult thb astronomers of the 17th century found It to rccognlKO 
the true nature of tho rings In spite of the possession of convpara- 
tlvely good instruments 


The Origin of Comets* 

Do They Form a Part of Our Solar System? 

By Elis Strbmgren 

Director of the Observatory of Copenhagen 


The followiuff article i$ an abstract made by the author 
himself, the dtsUfigutshed Danish astronomer, Prof. Sthom- 
CiREN, of a longer article published in Scientia [Bologna) for 
August, 1918 — Euitob, 

A ll comets known to us have been observed within our 
own sulnr system. Our sun is one of billions of suns to 
whose ensemble the name 10 given of the Galactic Sys- 
tem, and In all probability there are million of systems similar 
to oup ovm galactic system 

Our little solar system is composed of the sub, of the plan- 
ets with their satellites, and of comets. It Is with the latter 
that the present article deals and we shall confine ourselves to 
the study of the following questions : 

Whence do comets cotne and tohUher do they gof Do they 
form a part of our oion solar system, or are they, as it were, 
migratory birds coming from afar and folding their wings for 
but a moment upon the edge of our own little nest in the 
heavens t 

Ever since man has been capable of meditating upon those 
things which lie beyond hia Immediate grasp, these questions 

rrrsaslatod for tho easnHfto Amoricaa 'UontMg from Z/Asirsnemis 
iVnvUO, tor October, 1019. 


have exerted a profound attraction upon his imagination The 
opinions of astronomers upon this point have long been divided 
and changing, but t«»day we are In a condition to give a posi- 
tive answer to the question as to the origin of comets. 

The law of gravitation is the biisls of all calculations ndat- 
Ing to the orbits of the celestial bodies, and If this law were 
unknown to us it would be Impossible to conceive of a discus- 
sion of the problem of celestial movements We are all fa- 
in j liar with the method by which the effect of this force upon 
two celestial bodies — ^the sun and the earth, for example — can 
be demonstrated. The small body, <. e, the earth, is forced 
to desci:lbe an elliptical orbit about the larger body, t e. the 
sun. Such is the orbit of the earth and such also are the 
orbits of the other planets. 

Howevelr, the mathematical study of the problem shows, as 
every one knows, that the problem of two bodies convprises 
the possibility of two other kinds of orbits, namely the para- 
bolfi and the hyperbola. Am we knoWi the ellipse consists of a 
closed curve while the para<bola and the hyperbola are open 
curves whose branches are of Infinite extent. 

As a result of this an elliptical orbit in the case of a comet 
indicates ttiat iSOe comet belongs to our own solar system, while 
an orbit, which Is either parabolic or hypetbolic indicates that 
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the comet comes from outside our syetem, In other words, 
from luterstellar si»ace. Thus the question of the origin of 
comets appears to be very simple, if we collect In a single 
table all the orbits of comets which have been tlius far calcu* 
lated we shall find that a certain number of thorn form 
ellipses while others are either hyperbolas or parabolas. From 
this the coDcluslou may be drawn that some comets belong 
to our solar system while ottiers come from outside. Yes! 
the problem appears, indeed, to be very simple, and it is in 
tills simple manner that astronomers treated it until about 
twenty years ago. But the matter Is in reality far more 
complex, as we shall presently see. 


In speaking of the "problem of the two bodies,*’ and of the 
explanation of the orbits of planets and of comets, we have 
intentionally neglected a point which is of very great liupor- 
tauce with respect to the making of exact calculations. We 
know how the attraction of the sun causes a planet such as 
the earth, for example, to describe an ellipse around the sun 
We can also prove in the same manner that the planet Mars 
desoribfes a similar orbit around the Hun. But in reality 
besides the attractions which are exerted between the Sun and 
the Earth and between the Sun and Mars there is a mutual 
attraction between the Earth and Mar», and In spite of its 
relative Insignificance this force deranges the motion of the 
two planets, which w*ould otherwise be purel> elliptical. 
These small derangements in the Hliptical mov<»meuts of ce- 
lestial bodies are termexi perturhatiom. 

The calculations of the pcrturhaiiom undergone by the 
movements of the planets has formed the principal problem of 
theoretic astronomy for the last two centuries. But this 
brings us to an Innportant iK>lnt In the problem of comets. 

The orbit of a comet which has been calculated by the aid 
of observations of the said ocmaet cannot be looked uism as 
valid, in fact, except for a certain period of time, namely, that 
period during which the comet has been observed, < c while 
It was in the vicinity of its perihelium, for the easn> under- 
stood reason that the comet is not visible from the earth at 
a point beyond a certain distance from the perlhelluin, either 
while approaching or while deporting. It is In tlil^ manner, 
i. c. by the aid of a very small portion of the orbit that orbit 
after orbit ha* been caUulated. In the course of time a table 
has been obtained which oontaius several hundred orbits of 
comets, and this table has formed the basis of all the conclu- 
sions which have betm drawn concern Ing the origin comets. 

No on© had ever ralseci the question as to whetiher the most 
interior portion of the cometary orbit is really a true expres- 
sion of the manner in which the comet entered originally into 
the interior portions of our solar system. It Is onl> some 
twenty years ago that the following very sinuple questions 
occurred to anyone; Have not the large planets of our solar 
system exerted an npprtK?lable influence upon tho orbits of 
comets during the long period of time which bos l>eeii re- 
quired by them to enter the internal portion of our solar sys- 
tem? And is it not possible that this Influence might be 
great enough to change an orbit which was originally ellli>- 
tical into a hyperbolic orbit and vice versa? And if this be 
true must not the problem of the origin of comets be reoon- 
sidonxl ? 

Let us consider the matter more nearly. Among the va- 
rious qualities which characterize an ellipse a parabola or a 
hyperbola there is one which is particularly important with 
respect to our present problem. It Is that which might be 
called the deffrec of elongation. Astronomers and mathema- 
ticians call this the eccentricity of the orbit and designate it 
by tho letter B. 

In order to state the matter clearly let us set down the 
following figures;- 

1. A circle has W elongatlMi. Hence we say that Its ec- 
centricity K equals 0, 

2. In an ellipse E may have all tiie value comprlsetl betwetxi 
0 and 1. 


8. In the parabola E equals 1. 

4. In the hyperbola E is greater than 1. 

If we have oalculated the orbit of a comet, thereforef by 
the aid of our observation* and bavf obtained as a result: 
E = 0.999»500, this signifies that the orbit is elliptical and if 
we have obtained as a result: E = 1.000,600 this means that 
the orbit Is hyperbolical. 

But among the numerous orbits which have been calculated 
there are as a matter of fact a great many cases In which the 
eccentricities are found to be in the vicinity of unity, the 
majority being a little bit less than 1 while the others are a 
little bit umre than 1. And we know by the foregoing obser- 
vations the fundamental difference which exists, from the 
point of view of cosmogony, between those cometary orbits in 
which the eccentricity is a little less than 1 and those In which 
it is a little more than 1. In the first case the comet must 
belong to our solar systeim, while in the other case It must 
have come from outside. 

But let us now return to our original point of departure: 
Tho orbit which has been calculated by means of our obser- 
vation, i. e. by the aid of its most interior portion, cannot be 
exactly the same as the orbit possesse<l by the comet lu those 
portions which are exterior to our solar system. It is neces- 
sary therefore to calculate the perturbation. It Is neces- 
sary to see what was the degree of eccentricity of the orbit 
when tlie comet was far away from us. Such researches have 
been carried on during the past twenty-two years and the re- 
sults to which they have led can be sunime<l up in the fol- 
lowing manner: , 

if one followi for a iuffioMnU length of time the different 
comets in their passage towards the exterior one finds that not 
a single hyperbola remains The cometafy orbits which were 
hyperbolic in the internal portion of the solar system acquired 
this hyperbohe form by reason of the perturbations to which 
they were subfected by the planets. 

Here then we have the answer to our tiuostloas regarding 
the origin of comets. Comets belong to our oum solar sys- 
tem, and whereas In former times astronomers believed them- 
selves obliged to distinguish between perUtdw comets and 
non-periodic comets, we speak t(Mlay only of comets whicii 
have short periods and those w’hich have long pa lods 
* ^ * 

Various arguments have been proffered in contradiction of 
this theory that comets belong to our solar system Various 
authorities have attomptcxl to disc'ovcM, by the aid of statistical 
methods, eystemaflc peculiarities in the mo\einent9 of comets 
For example, the question has been Uebate<l as lo whether the 
planes of cometarv orbits in space are gronianl in a special 
manner— or whether there are special points In the heavens 
whence comets appear to come by preference and It has been 
suggested that such peculiarities in the movement of comets 
might show that Cfimets enter our system from outside it 

But as for the first point it has been demonstrated by 
Holetschck that a multitude of such peculiarities lu the move- 
ments of planets are only apparent — for they can be explained 
by means of condition* which Inhere In the observations which 
h4?ve been made with regard to the Earth; furthermore, all 
things considered, we are not able to imagine any systematic 
peculiarities belonging to tho orbits of comets which cannot 
be explained by the theory that comets form a part of our 
solar system. Even if, for example, we are able to demon- 
strate that comets come principally from particular areas of 
the sky it is quite useless to suppose that they have departed 
from certain locations In space external to our system in 
order to enter this system. The fact is explained quite as 
well by the highly probable supposition that in distant locali- 
ties situated within our nebulous regions there formerly ex- 
isted concentrations of nebular matter which latter gravitated 
toward the center. Hence the exlst^ce of such systematic 
peculiarities in the movements of comets cannot prevail against 
the positive proof which we have h«re given that comets 
belong to our own solar system. 




LAST OF THE ONCE FAIL'S “MOUND CITY" TURBO MIUE» NORTH OF CHILLICO'rHE. OHIO 


Remains of the Mound Builders in the Scioto Valley 

Curious Earthworks That Are Being Destroyed by the Ravages of Civilization 

By R. W. French 


W ITHIN tilo contlno^ of the State of Ohlii and notahU In 
Ross County along the \nlle> (»f the Scioto River and 
it8 trIhntarlo« were at one time numerous romnlnsj ot 
rhe Mound Builders, or Indian Mound Builders, -sio stjled from 
the nature of their remains; while toda> few leinahi, even 
bome of the laigest having dlsappearetl heforo the plow, village 
and city of a iiKKleni r>eoplu and civilization At one time a 
few minutes* travel In alniogi an,\ ivortion of this great valley 
brought the viwitor to one of these more or less Interesting 
remains, either mound or fortlttcatlon, while today It often 
takes quite a little traveling to find one or two that have 
sensibly e^'apcMl the* lavages of modern man 
Ohilllcotlie, c^ninty seat of Rosa County, was on< e the scene 
of stweral Indian villages and within the corpoiate limits 
of that town there were no less than ten mounds and six 
enclosures, or earthworks, the work of a hjgone and little 
known people; today onl> two of the mounds and none of 
the enrih-w’orks are diseernlhle and one of the remaining 
mound 8 la fast disappearing to supply earth for fills where 
desired. 

A mile and a half to the nortli of Chilln'othe was the so- 
called “Mound Cit>,“ the exploration of whnh supplied much 
of the Information obtained regarding the pisiple w ho lelt tln^se 
Interesting remains foi ilie Mud.v of the archaeologist The 
first explorers of this group reiM>rted ilmt there weie no less 
than 24 mounds wltliin the eiuloslng earthwork Today this 


area, which is n inution of Camp Sherman, U. S. Army canton- 
ment, IS practically devoid of any vestige of mound or en- 
closure. One mound remains wnthln the cantonment and this 
was outside of the enclosure. 

The remains of the Mound Builders are found on both the 
high and low ground, hut the naire extensive works and 
larger mounds, as u whole, occupy the flat land In the val- 
leys, all of which accounts for their early decadence before 
the plow of the fanner. In (ertaln instances, such as Fort 
Hill, Spruce lllll and Fort Ancient, hill tops were enclosed, 
apparently for the purjiose of defense, and to afford places of 
refuge In ease of attack Man> of the higher eminences are 
<Towned by small mounds generally supimsed to have served 
for signal fires with which liitormation was passed from vil- 
lage to village, rather than as tumuli, such as the larger 
nioiiiids In the valleys are generally found to be 

These lesser mounds have escai>ed dt*structmn generally, 
tlieir sites not being arable and being more or leas heavily 
w'ooded. These works are often so small as to be hardly 
recognizable as such, a close survey of the hilltop being neces- 
sary to determine the artificiality of the cTest 

Of the more iruimrtant groups, one knowui as the “Hopewell 
<;roup,“ about four miles west of Chlllicothe on the North 
Fork of Paint ('reek Is today a well c-ultlvated field and few 
of the original twenty -six moniids reported by the first ex- 
plorers remain either tlian as slight rises in the ground, many 



LARGKB MOUND HALF A MILE SOITPIIWEST OF BAINBUIDOE. 
1TB 9IEB CAN BE JUDGED BY COMiPATtlSON WITH 
THE FIGURES IN TOE FORPOROUND 


MOUND ON THE FAIR GROUNDS AT CniLLrCOTIIB TUB 
LARGE I-OCnST NEARLY 3% FEET THROUGH AT THE BUTT 
G1VE» SOME IDEA CW^ THB AOB OF THIS RARTraWGRK 
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THE BEIP OR rRICim MjOT;NI> NEAR BAINBRIDOE ON SMAW- MOUND NEAR OHIUf.ICOrrHE THAT IS SmUXi IN 

THE RANKS OE PAINT CREBK A QOOD STATE OP PRESERVATION 


jeary' cultivation sorvinif offtM*tually to cut them down. This 
1«* likewise true <»f the earthwork formerly enclosing these 
luounds 

This group supplied h great deal of information to archaeol- 
ogists, many implements, both stone and copper, as well as a 
number of skeletons being re(o\ered In the excavation of 
these mounds. From one mound more than eight thousand 
flint disks were removed. These disks were found In pockets 
of twelve or flfUn^n each with a layer of sand between each 
pocket. The weight of this cache was more than three tons. 

Twelve miles southwest of ChllUeothe, near BalnhriUge, 
Ohio, there are several well preserved mounds. One of these, 
known as the Seip or Pricer mound from the name of the 
people on whose land It stands, has not been oi>ened; the 
owners refusing permission for its exploration. At one time 
there were several other mounds In the immediate vicinity, 
but today no remains are noticeable. 

Between ChllUeothe and Balnbrldge on Paint Creek is the 
hill-top fortification of Spruce Hill. The work overlooks the 
hills along the Scioto River to the east of ChllUeothe as well 
os many miles to the north and south of its site. The hill has 
steep, in some cases almost precipitous, sides; and is a spur 
projecting from a table land to the south. The enclosure is 
formed by a wall of stone which closely foUows that margin 
of tlie nearly level sumiult The material for the wall was 
procured near at hand from several rock outcroppings which 
are common to this part of the state. The waU is continu- 
ous except for several breaks to the south, wliere It crosses the 
table land. These breaks wore apparently left for gateways. 

The remains of this wall Is badly overgrown by timber, but 
Its site is easily traceable by the many stones scattered about 
At no place are the stones in a semblance of a wall, though 
tlie scattered stoneS cover the ground to a thickness of several 
feet; Judging tram the amount of material on the ground and 
tiie steepness of the slope It should have been easy to defend 
the area against invasion hy hurling stones or other missiles 


on the heads of the attackers. This wall Is said to enclose the 
largest area In the world enclosed with a wall entirely con- 
stiructed of stone. 

Of the remains in the proximity of Chillicothe, no doubt the 
most famous is the Serpent Efligy Mound, 40 miles to the 
southwest in Adams County. This is one of the most striking 
effigy mounds known and a visitor is impressed of the artifi- 
ciality of this remains at the first view. Over all the mound 
is more than 1,300 feet long and depicts a serpent of several 
convolutions, jaws extended and an oval within the grasp 
of the huge jaws. ' 

This efflgj' Is situated on u precipitous point of land near the 
junction of the east and west forks of Brush Creek ; and skirt- 
ing Brush Creek is so precipitous as to prevent scaling from 
that direction, while from the oppoisrite side the ascent Is 
fairly gradual. 

On coming up the slope the visitor sees the tail commenc- 
ing with a small terminal pit. Following the earthwork, which 
Is from two to four feet in height and from three or four feet 
to 20 feet In thickness, we follow Uie unfolding coll for two 
full turns, then advance along the body which gradually In- 
creases In height and width with three large folds and end- 
ing in the extended jaws and lastly the oval earthwork, de- 
tached from the body proper. 

The meaning of this earthwork has caused not a little api'cii- 
lation among students of archaeology and even today with the 
study of several remains that have b(*eu unearthed from time 
to time its purpose la not definitely settled. Within the oval 
an altar of stones was discovered and remains of cremations 
and copper ornaments. This, however, has only served to 
Increase the several arguments regarding the rea.sons for the 
effigy, which is so striking, and which is in no way duplicated 
anywhere In this region of the United States. 

The antiquity of the mounds is not known. Some Indian 
legends have it that they were In existence at the time of the 
Indian and that they \Vere then heavily overgrown with trees 
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VIEW OF ■ma SESBiPENT BFFIOY MOUND, SHOWING THE NBIAR VIEW OF THE SERPENT EFFIGY MOUND, SHOWING 

THREE BROAD (FOLDS OF THE BODY AND IN THE THE SIZE OF TKR EARiTH WORK IT IS 1,300 FBETr OVER 

DISTANCE THE OVAL WITHIN THE EXTENDED JAWS AiLT^, 20 FEET WIDE AND 2 TO 4 FEET IN HBlGirr 


which would malce them very old within the time of the In- 
dian. Other lejcend has it that the Mound Builders were a 
race distinct from the Indian and that the laKer overcame 
them and destroyed them Other claims presented are that 
they are a branch of the Aztecs of Mexico or other races of 
the Southwest, 

However, an unalisU of the remains fails to confirm or dis- 
prove any of these assertions beyond a shadow of doubt. In 
many resiHKts the remains show no connection between the 
civilization of the mound builder and that of Europeans, tend- 
ing to show that the works are pre-Columbian, while at I he 
same time, In many wa>8 there Is no material difference lie- 
tween the works found In the tumuli to cause any Kreat dis- 
tinction between the work of these people and the Indians 
Both »tono and coppcT implements have been unearthed in 
considerable (|imntity, but in nearly all Instances work of the 
same type and nature Is connected with knowm work of the 
later Indian races. 

The coipper is thought to have been obtained from the 
large deposits In the Lake Superior region, as those mines 
show evidence of having been worked by aborigines many 
years ago. If this Is true, n considerable tratllc was no doubt 
developed by those people That, thaugh, can be accounted for 
largely by migratory trips In the smniner to the copper re- 
gions, or by exchange hctwwn various tribes; the latter no 
doubt the more probable. Inasmuch as barter Is a well-known 
trait of the early American. 

Of written history, hieroglyphics or pictures, practically 
none remain, and of the remalnSi none have any tendency to 
dispel the general gloom regarding the history and civiliza- 
tion of the mound bulldei. With the rapid destruction of the 
remains and the fa('t that early exploration was not carried 
on In the systematic manner pursued by the archaeologist 
today It seems little likely that the question of antiquity and 
origin of this race will be deciphered. Furthermore people 
that are Interested In seeing these remains in situ will have 
to make haste as time and the ravages of modem civilization 
are fast removing the last vestiges— where there were thou- 
sands of mounds and earthworks yesterday, there are barely 
hundreds today. 


FI6HTIN0 GRASSHOPPERS WITH FLAME PROJECTORS 
The agricultural regions In the southern part of France 
suffered considerably from the grasshopper plague during 
1918 and especially In 1019, when the DocioBtaurui marocams 
insects multiplied to an extreme degree. Other districts in 
France suffered from the CulUptawd^B itaUcua, while the north- 
ern part of Africa was Invaded by the Sehistoceroa tatarioa. 
The French GovenHoent recently sent three official expedlUons 
to these regions, one to Morocco and l^o others to the south- 


east of France in order lo Investigate the nature of these 
insects and their depredations, and especially to find out the 
best moans for their extermination. A prominent agronomist, 
P. Vayssiere, was actively engaged in this class of work, and 
we are indebted to him for the present iiwount of the various 
researches which wore made during the year 1010, especially 
in the great plains region of the Crau 1’he Department of 
Agriculture In fact projiosed to make use of dllTereiit destruc- 
tive methods or products which hud been brought out during 
the war Tlic tests Included in the first place the use of ilame 
projectors devised according to army practice. Heavy coal 
oil Is the fuel employed, and the apparatus is found to give 
romarkalile results against swarms of grasshoppeis either at 
rc^t or moving along the ground Tnse<»ts touched by the 
flame or stationed on an area of about 3 feet around the 
burned surface are Instantly killed With one filling of the 
appal utus of some 12 liters’ capacity, a surface of over 200 
square meters cun be treated It Is preferable lo use two or 
three apparatus In line, so as to cover a zone of 100 square 
meteis In a very short time The second method consists In 
the use of toxic gases which suffocate the insects, and llie 
experiments bore upon two such gases; one was a mixture 
of oxychltirld*' of carbon and chloride of tin, which was 
<‘onsidered during the war as highly poisonous to man and 
anlmnls, but It did not seem to act to any extent ujxin the 
numerous swarms of grasshoppers, even though they under- 
went the action of very concentrated gas at distances from 
010 lo 4.0 meters from the outlet. On the contrary, excellent 
results were obtained with an atomizer spray of chloroplc- 
rinc In aqueous emulsion at 25 or better at 50 per cent. When 
touched by the sprayed drops, the Insects in all cases died 
within a few seconds. This compound does not appear to 
burn the vegetation to any great extent, as It Is seen to flourish 
again in a few weeks Further Investigation is In order upon 
till'’ subject in tlie south of France. The author also made 
use of bait In the shape of arsenical salts made up with bran, 
using only 05 kg of arsenlate of soda for 12 kg. of bran, 
and this was hand-sowed on meadow land covered with grass- 
hoppers. Twelve hours afterward, it was found that great 
numbers were poisoned, and within 48 hours about 80 per cent 
were destroyed He covered over 600 square meters of ground 
In this case. As a result of all these tests, it Is considered 
that the grasshopper plague can be fought very effectively, es- 
'Peclally when we have to do with swarms of young larvee. 
The three meth(Hl«» can best be employed as follows ; Flame 
projectors upon all ground where there Is no danger of fire; 
atomizers with spray using highly concentrated solution of 
chloroplcrine in all cases where flames would prove danger- 
ous; arsenical bait upon Irrigated prairie land where animals 
do not pasture 



Insect Foes of Books 

The Bookworm Past and Present 


W HAT iM a bookworm? In other words what ImaBe 
rises In the reader's mind when he hears the word? 
Ver^ probably the picture flashed upon his mental 
screen Is that of some bespectacled Doctor Dry-aa-Dust Dominie 
Sampson poring diligently over learned volumes. But such a 
picture Is obviously one derived from a secondary meaning of 
the word. What then is a real bookworm? How big Is It? 
What U its shape? What is Its nature? What are its colors, 
and what are its habits, aside from Its predatory predilection 
for books? Doubtless nearly everyone who reads these lines 
has a pretty clear mental Image of an earthworm, a silkworm, 
a ''measuring worm,*’ a tobacco worm, a cabbage worm, etc., 
etc., but how many are capable of describing a bookworm? 

WHAT BOOKWOH&fS BKALLY ABK. 

To begin with, it must lie remarked that bookworms are not 
really worms at ull in the selentlflc sense of the word “worm” ; 
they are sometlilng quite different according to the best au- 
thorities, being really insects of various sorts, either In the 
adult state or in the larval state. In the latter stage of life, 

I e , as larvae, they do, of course, much resemble true worms 
to the non-lnformed. 

The truth la that tiie word iKwkworm has been very loosel> 
applied for many centuries to any sfirt of living organism, 
living In or preying upon books. The first mention, perhaps, 
of the bookworm Is In u passage from Aristotle, which reads 
as follows: “In old wax, as In wood, there Is found an animal 
which seems to be the amallest of all creatures, called aearus. 
It Is small and white, and in books there are others like those 
found In cloth, and they are like scorpions without a tall, the 
stnullesL of all.” This Insect has l)cen plausibly identified 
with the aearus ctteyletus of the order aearidae which Is de- 
scribed by F. J. X. O'Oonor, of the College of St. Francis 
Xavier, New' York, as being “extremely small, hardly visible 
to the naked eye, pink in color, and corresponding perfectly 
to ArlstoUe's description.” This authority, how’ever, thinks 
It highly unlikely that this minute creature does any real dam- 
age to books, tiiough often found in them. 

But why should Insects of any kind haunt books at all, and 
when and why did they a-iiiulre this taste? These quest ions 
are easily nnswTred, for no mutter how barren of intellectual 
wealth a iKK^k may be, and how unattractive to the human 
lM>okworin, It Is a rich storehouse of \urled food for such 
creatures a.s are capable of assimilating the cellulose of Its 
pai>er, the wood and leather of Its binding, or the gluten and 
starch of the paste that binds Its pages together. Hence the 
WQod-eatlug (Xylophngus) Insects which live on the wood 
of trees as well as the ordinary cockroach and “waler-bug” 
which feeds on starch and gluten, und all those Insects which, 
like white ants, are capable of feeding on cellulose, And In a 
book a well-stocked Inrder and in a library mountains of pro- 
visions such us •losepb heat>ed up for the Egyptians in the 
seven fat years of plenty, that cume before the seven lean 
years of famine. 

Among the comnionesit of the Insects known us bookworms 
are the larvae of the Coleoptera or sheath-winged beetles. 
Seven varieties of these have been found in books In this coun- 
try by F, J. X. O’Conor. 

1. paMceUy larva. 

2. Attayenus pellio, larva 

3. Sifodrepa panacea, full-grown Insect. 

4. Lepisma saccharina. 

5. Ptinus fur. 

6. Dermestes lardarius. 

7 Anthrenus varius, larva. 

Siiodrepa pantcoa, larva. — “Tlie most x'oraclous of these 
l>eetles Is the fittodrepa panioea, of which I have examined,” 


says Mr. O'Conor, "thirty spedmena Here In New York I 
have found it as well as in Washin^on. In the larva fprm 
it is a soft, white six-legged warm covered with bristles. It Is 
about of an Inch long and moves very slowly." 

This little creature Is worth a lengthier description since 
it U not only voracious but practically omnivorous. In Burope 
It is still known as the bread beetle from Its occurrence in 
dry bread, but It by no means confines Itself to bread and 
books. In this country It Is commonly known as the drug 
store beetle, since It plays havoc with the pharmacist's sup- 
plies, The division of Bntymology In the United States De- 
partment of Agriculture some years ago honored this active 
depredator with a special bulletin, to which we are indebted 
for the following description of its aspect and habits : 

This beetle is a member of the family Ptlnidae. It is cylin- 
drical in form, measuring about a tenth of an Inch in length, 
and Is of a uniform Ught-brown color, with very fine silky 
pubescence. The elytra are distinctly striated and the anten- 
nee end In an elongated three-JoInted club. When at rest the 
head is retracted into the pecniUar hoodllke thorax and with 
the legs and antenuie folded under and tightly oppressed to 
the body, the little creature easily escapes observation. The 
lar^u Is white, with darker mouth, and of a cylindrical curved 
form. The pupa Is white 

It invades stores of all kinds, mills, granaries, and tobacco 
warehouses. Of household wares its preference Is for flour, 
meal, breakfast foods, and condiments. It Is especially partial 
to red i)epi)er, and is often found In ginger, rhubarb, chamo- 
mUe, boneset, and other roots and herbs that were kept in 
the tannhouse In our grandmothers' day. It also sometimes 
gets Into dried beans and peas, chocolate, black pepper, pow- 
dered coffee, llcorkv, peppermint, almonds, and seeds of every 
description. 

The subject of Injuries wrought by this species has formed 
the text of a considerable literature going back to the year 
1721, w'hen I'astor FrlsKih found the larva feeding u[K>n rye 
bread, and Including, besides damage of the nature referred 
to, injury to drawings and paintings, manuscripts, and hooks 
Some singular instances are recorded of the injury it does as 
a lK>okworm The late Dr Hagen wrote that he once saw a 
whole shelf of theological books, two hundred years old, 
tra\eled through transversely by the larva of this Insect, ami 
still another record Is published of Injury by the species 
Pttnus fur to twenty-seven folio volumes, which It Is said 
were perforated in a straight line by one and the same insect, 
and so regular was the tunnel that a string could be passed 
through the whole length of it and the entire set of Ivooks 
lifted up at once. 

In pharmacies it runs nearly the whole gamut of every- 
thing kept In store, from Insipid gluten wafers to such acrid 
substances as wormwood, from the aromatic cardamon and 
anise to the deadly aconite and belladonna. It Is particularly 
abundant In roots, such as orris and flag, and sometimes In- 
fests cantharldes (Spanish flies). 

It Is rec(>rded to have established a colony In u human skele- 
ton which had been dried with the ligaments left on, and the 
writer has seen specimens taken from a mummy. It has even 
been said to perforate tinfoil and sheet lead, and that It will 
eat anything except cast Iron In short, a whole chapter could 
be devoted to the food materials of this Insect, as nothing 
seems to come amiss to it and Its voracious larvie. The sub- 
ject may be concluded with the statement that this division 
has received complaints from four different correspondents, of 
injury to gun wadding, and there are several records of in- 
jury to boots and shoes and sheet cork. 

The larvm bore Into hard substances like roots, tunneling 
them In every direction, and feed also upon the powder which 
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TUNNELS BOUED IN OLD BOOK BY THE DEHMESTES, PAO-DS OP AN OLD BOOK IN THE BIBLlOrmEQUE DE 

KNOWN IN liTlANTE AS THE *'OlMI-ET » PROM THU L’AKSENAI., niI>l>L>3D BY 'PUB BOOK-BATING LARVAK 

REGULARm' r>F THE HOLES IT MAKES OP VARIOUS I\W>TS 


'^oou fonim ainl is (ust out ot their burrows In powderv 
siibmiJiuTs the birviP form little round imlls ru wbirb 

beeoine em^ooiis, in winch they underjco tninsfoi uiatloii t<i pupie 
and lliea io the adult ins<*<’t I ha\e Ksired the lnsc< t from 
ejiK to beetle In two months, and as It habilaall.v Ines m arti- 
ficially heated buildings and breeds all thiough the winter 
months, there may be at least four broods m a moderately 
w’arm atmosphere 

In France the aitoffrrpa pnancTfl is known as the rntohium 
l^amceum, and the gieat French authority TToulheit, the author 
of Leg Jngeetfg Lnncmig deg Livreg, a book wbidi won one of 
the prizes <ifTered at the International Congress of Libraiiaiis 
held in Pans m 11KM), declares that In France nine-tenths of the 
Iniun done to books jiKK'eeds from I his unpleasant pest It 
is lud generalU know'ii that the sound imolc this insect, 
which resembles the monotonous tu'king of a time-piece, ha® 
earned for it from the superstitious the name of the l>eatb 
watch The well-known French entvmologist, the AhhO Plossis. 
gives an entertaining account of the death watch wdinh should 
rathei be called the Lo\e watch, since the s<»iind fs ican.> 
the mating call of the insect He sa>s “One da> one o1 my 
pupils brought me an anohinm which I placed loi a tew fln>» 
in a light bov on m> (able It <M*ciiir(Ml to me to kno< k uixai 
the table with my piaiholder and the lnse< t piomptt^ answered 
me At the end ot a few da.xs, when It had become accus- 
tomed to its surroundings, T l<»uk It out (d the box and placed 
It ui>on in> table where I and luan^^ others ohser\ed this cu- 
rious iK'tum This inse< t is gifted with a singular elasticity 
between the head and tliorav It makt^s its Knot king sound by 
bending its head entirely underneath the ilauax and then 
knocking with the top of Us head'* 

The mwhtum teggoltatuvi and tla^ 4 Pertnwv are likewise 
guilty of depredations Because of the extreme regularity of 
the tunnels bored bj these insects in wood or In lKX>ks, they 
are <*ommonly culled “gimlets*' in France Their jiresence in 
a riwau can be detected h\ small heaps of a reddish powder, 
lying upon slielves or furniture or on the floor Where such 
dejecta Is observed means of extermination should promptly 
be applied 

The avobimn htrtum is found oc<asionall> in the ceniei and 
siiulh of France though not In England. It is more c'ommon In 
the wmthern part of the United States, large nuinliers hiulng 
been found in the State Library In Umlslnna. 

Attagema PeMio— This Insect, which appears to he rather 
rare, Is described as looking like a miniature whale under the 
microscope. It Is long, slender and salmon colored, with a 
tall of delicate ^Yavy hair. It is very graceful In Its motions. 


Iji IHHuta yoc( /mriao “ Tins insect, whicli is to the piesent 
w lifer at hsist, most r«»pulsi\c in aspect, both as to form and 
color, IS M>mtnonl> known “as (he sHmu* fish, or sometimes as 
the sil\er louse, (lie sugar fish, eti It si^ems to lia\e been 
first mentioned in literature in Robert Hooke's Mt< rographidf 
published In London in ld07, in winch -Ik» desiTlIicw \i\hn> the 
“sninll siher colour'd book-w(»im, whnh upon the remoial 
of Ikniks and Pu]K»r.s in (lie summer, is oflen obseiwed \erv 
niinbl> to suifl, and pn(*k awii> to some lui king <Tanny ’* 

Hooke also gl\es a drawing ot the sil\er lish, tlearl> ^how'- 
Ing the spindle-shaped or carrot -shaped bod,\ and the distlnc- 
♦ i\e thre«» hrislles at the tail In color 11 is. to the writer's 
eye, at least, of u pecMillarh nii wholesome li\id gray, with a 
hi h cry gleam due to its sinning scales C T. Marla tt de- 
scribes It as being one of tli*^ most xomciouH dewourers of 
books, papers, labels, etc, and smnelimes «»f oidiiiary food It 
Is also said to feed upon Xeuropteia of the genus Usocus The 
head IS large and blunt and the bod\ tapcis unlfomil.i towards 
the tail 

A close lelathc of (Ite ! upismuj '<urihanua is the Lapt^ma 
domcHtica first desctihtd in 1S7.1 h\ Ihu'kanI and somedmes 
called the Ihermobta dointstuti Fatk Tills insect Is common 
ill bakeries and sliows a stnmg liking for lieated localities in 
general It Is \eiy common in Washington, 1> 0. and prob- 
ablj elsew’here in the United Stales This Insect Is sometime** 
(rapped In a ^cly simple manuci as follows* A box with a 
handle and ha\ing small holes punelied along Its lower edge 
IS set upon a low suppoil. AVIthin the box are placed piles 
of paper fragments co\eied with starch paste ami the trap Is 
then placed in a dark corner of the library The odoi of the 
paste attracts large numhers of insects which find themselves 
uumMc to escape and which can he burned from time to time. 

Ptbiug fu> — This IS a black-hende<l “worm,” or lather larva, 
which is found in great numbers and is said to he “willing to 
eat any tiling” It resembles the ^ttodrrpa with the exception 
of the bristles and shai»e of the bead as well as the color of the 
body. The adult Is known as the white maiked spider beetle. 
It Is actl\e chleflv at night when it cun be found mo\lng 
slowly along wuills and wainscots Chittenden relates the 
extraordinary fact that this !nse<‘l was dlsco\ored to hu\e 
devoured more than a hundred bags of cotton seed stored In 
a barn and had multiplied In such large quantities us a result 
of this rich provender, that it afterwards Invaded neighbor- 
ing houses, attacking clothing and organic material of all 
sorts. In America this Insect is cnpahle under favorable con- 
ditions of producing three generations annually, 

Dermeatea lardarut, — The J>(rme8ttdae are well knowm as 
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of dried animal remains of plants, and of furs, 
and many a collector of moths or of butterflies has suffered 
from the ra\affe.s of this little **worni’* which will devour 
anything from a live Insect to hard sole leather. In appear- 
ance the Dernieates tardarlun may be compared to a micro- 
scopic hedgehog, bristling all o\er with rough black hairs. 
Even with a microscope of ingh power one finds it difflcult to 
determine at which end of the hairy body is the head. Among 
books this species will he found in great numbers. They leave, 
especially upon the i^overs, rougher marks than are made by 
the other Insects liere nieulloned. O’Oouor gives nn entertain- 
ing account of his first acquaintance wdth this little creature 
which we qut>te fiom his admirable bro<*hure Facts About 
Hook-Worms, 



TUNNKI^S WADK BY THM DEBAtKSTDS IjABVAB IN THE 
IVOODKN BINDING OF A XVTH CENTUBY BOOK 


*‘On u siiininers day, In llic \enerahle (leorgeto\Mi Library, 
where It seemed that tlie old Ihues had kept within them tlie 
odor of past ages, as I held In m> hands an ojjen folio bound 
In leather, a little ridge of du^i along the inner edge of the 
hlmllng attracted my attention On closer eYaminatfon I 
found small holes near the edge of the dust heaps Taking a 
penknife I raised the paper on the Inside of the cover. When 
heliold I there belore me lay a little brown Insect It was 
mvered with bri<*tles and looked for all the world like a tiny 
ho<]gehog, ( urling himself in hts spikes to insure protection. I 
continued the ln\estlgation, and in the same book soon found 
another, his counterpart Here >\as a discovery In truth! 
‘Tills must be a book-worin.‘ I thought . , 

“1 had changed upon the real, ll\lng, visible, palpable crea- 
ture A true lKK>k-worm visible to the naked eye it was, and 
It won iM)ssll)le that there were others that might lie found 
under mmliar conditions. Tliere was a thrill of satisfaction 
In the thought tliat I could \erlfy a word that seemed to have 
ho\ered on the borderland of fact and of fiction, and to in- 
quiry about which no satisfactor) answer had yet been given 
in I lie domain of letters, . . 


“With a microscope I studied the movements of my captive 
strangers. I watched them as, on their backs, they clutched 
at the empty air with their elx email daws, or burled their 
heads in the paper that I had ^placed near them to entice 
them to make use of their mandibles. They were evidently in 
no humor to do much boring, as very little was effected during 
their days of captivity. These two specimens were the 
Dermestes Lardarius, or larvae of the brown beetle. . . 

The Dermestes lardarius la known as the larder beetle in 
English and sometimes by the name of the bacon beetle in 
France and Germany. This insect is readily distinguished 
from all other species of the same group by the striking colora- 
tion of its elytra or wing cases whose upper portion Is crossed 
by a large whitish band decorated with six black spots. The 
adult insect, which does but little damage, is about 68 mm. In 
length; In shape It is an elongated oval; the thorax is as 
wide as It is long, being rounded and tapering towards the 
front; It has short antennea ending In a sort of “club” with 
three joints. The legs arc retractile. 

As we have said, this creature is particularly fond of leather 
and dried skins. During the warm months of the year the fe- 
males deposit their eggs In the inside of bookbindings, gen- 
erally on the ridgos or edges which are in contact with walls 
or shelves As soon as the larvie are hatched they slip Inside 
the volumes and begin their destructive feast upon the latter. 
It is a curious fact that the larvse are much larger than the 
adult insects. They have elongated bodies somewhat spindle- 
shaped in form and ending In a truncated cone furnished 
with two curved “horns “ The skin, wliich is extremely hard, 
and coriaceous Is chestnut brown on top and yellowish white 
beneath. It is covered with long retl hair, bristling like the 
quills of a porcupine. Its head Is rounded and scaly with two 
small antennie and six small ocelli on each side. The body, 
Including the head, eontalns thirteen segments The mandi- 
bles, which are “toothed,” are extremely strong. During its 
pi'riod of growth, which is very rapid, the larva “moults” 
four or five times, the discarded Integument remaining stretched 
like a blown-up balloon, so that It closely resembles the larva 
Itself except that It is transparent and paler. ^ 

The young larvce do not excavate regular tunnels like those 
of the Anohiides; on the contrary, they travel hither and 
thither according to caprice, thus producing quaint and Intri- 
cate patterns or arabesques on the covers of books. This 
richly decorative, if destructive, effect Is shown in our illus- 
trations 

The adult Insect generally enters houses In May or June for 
the purpose of laying Its eggs. A close relative of similar 
habits is the Dermestes vulpuuus or “fox beetle.” 

Anthrenus vanus — ^Thls larva Is oval-shaped, and varies 
in form between the almost round Dermestes and the elongated 
Attagenus pellw Like the Dermestes^ It prefers the bindings 
of books, while the Sitodrepa and Ptinus take kindly to the 
paper. 

This insect Is commonly known as the carpet beetle but it 
is extremely adaptable and is quite willing to live on furs and 
other clothing, upon upholstery, and upon books, according 
to circumstances; likewise it readily adapts Itself either to 
indoor or to outdoor life. Out of doors it is principally found 
among the flowers of the VerbasounK Whether indoors or 
outdoors it ie found from March to October. In heated houses 
its eggs continue to hatch all through the winter and the 
spring. 

It is a fortunate circumstance that the larvse of these in- 
sects are attacked by certain parasites, Ichneumonidae. E. 
Olivier mentions a small Arachnid, red in color, which lives 
in the dust which collects on bookshelves and in wardrobes, 
and which makes an active hunt for these larvsa ; he has even 
seen such a spider seise and devour an Anthrenus larva much 
bigger than itself. It seems probable that one or the other of 
these natural enemies might be used to keep this peat in 
check. 

All of the Coleoptera described above have been actually 
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found In the libraries of the United States by Mr, O'Conor, 
and this is especially Interesting In vibw of the fact that the 
standard authority on the care of books, Mr, William Blades, 
has assumed that the great damage done in libraries by book- 
worms ie mostly a thing of the past, believing the adultera- 
tions of modern paper to be the reason for this, and remarking 
that *'hl8 instinct forbids him to eat the China clay, the 
bleaches, and the scores of adulterants now used to mix with 
the fiber.” Mr. O'Oonor, however, gives many specific in- 
stances of recent damage done by book-worms. The following 
passage from his monograph is of special interest 

”On another occasion I sun>rised the worm at work on 
bound volumes of the Scikntific Amebican of the >enrs 1878 
and 1875. Professor Riley, to whom I reported these facts, 
agreed with me that the claim that only old books were In 
danger and not recent books of modern paper, could not be 
maintained in face of such testimony. Therefore the theory of 
Mr. Blades that the book^worm will not eat modern paper 
vanishes into thin air, but the destructive work continues. It 
must be admitted as true that the older books run the greater 
risk for they are less used . No true book-worra would 
deign to touch a popular novel But from the security of 
new books a librarian may unwisely argue that older and more 
valuable volumes are untouched.” 

OTHER INJURIOUS INSECTS 

BooK-m%%e9 a^vd hook-ltce — The book-louse, which when 
without wings is called In America the book-mite, belongs to 
the family of Psoddm. Its most essential characteristic Is in 
having wings with very few ribs The mandibles are very 
strong and dentated on the Inner edge, while the jaws are 
provided with a crushing device All of these Insects live upon 
dried plants and organic matter of all sorts. In spite of their 
very small size their habits closely resemble those of the de- 
structive white ants or termites — five species are known. 

AiitR — Some species of ants, eg, the Lameua luligmoauR 
make their nests of paper, and for this purpose they gnaw 
Into fragments the leaves of books to which they have access 

Clothes ^noths — Clothes moths are all small Lepidoptera of 
nocturnal habits. The frequency with which they singe their 
wings at lamps or candles has become n proverb They arc 
pretty little creatures of various colors covered with an irides- 
cent ”bloom” or dust. The four most dangerous species are 
the Tinea tapetzella L. which devours woolen goods; the 
Tumi aarcitella L, the coimnonest of all, which devours our 
winter garments, the T pellionella L., which snips olf the 
fur from skins and garments to make itself u comfortable 
shelter ; and the T. flavijrontcla Fab , the “yellow-browed” 
moth which is such a scourge in the collections of birds and 
Insects In museums. 

The caterpillars of all these insects live within sheaths 
which they carry about with them. Consequently It is some- 
times very difficult to perceive them even when closely exam- 
ining the stuffs which they have injured; sometimes the In- 
sect digs a sort of covered tunnel outside of which the fibers 
of the fur or cloth are absolutely Intact, while sometimes it 
shelters Itself within sheaths which look exactly like the 
stuff from which they are made 

Probably all these species <»f moths are capable of attack- 
ing books and In some cases It has been proved beyond a 
doubt that they have been actual scourges In libraries. Houl- 
bert states that even the apjile-worm is sometimes accused of 
belonging among these ravagers of books! 

Acariana or — These minute creatures belong to the 

Arachnula or spiders. They are rarely dangerous In libraries, 
being In fact sometimes quite helpful, on the contrary, by 
destroying the Insect enemies of books. However, Dr. A. 
Hagen reports the finding of one spedes, probably a Tyro- 
fflyphua, which might become a dangerous enemy of collec- 
tions. A curious instance of a plague of the small red Acarian, 
known as the meadow-ralte w-hlch occurred In New York In 
1803, was reported to the Division of Entymology at Wash- 



WOOD SPLIT TO SHOW TIIK TfTNNKLS BORF.D RY THK 
lUiUAlBSTES OH “(ilMLirr ‘ HOOKWORM 


ington by Mr F Smith On February 2nd of IhnI year, these 
Insects appeared In million**, covering the windows of houses, 
though at this time each indixidual was scarcely bigger than 
the point of a needle By Mn> 26 they had reached their full 
development and for a week, writes Mi Smith, “they covered 
everything in sight, windows, brniks, furniture, carpets, sofas, 
etc ; they disappeared about the mlildle of June, leaving count- 
less rows of white eggs In e>ei> enuk and crevice of floors 
and walls. 

The Chcpletua eruditua, a s|rK*cles of mite having pincher- 
llke mandibles, sometimes called tlic book-nilte. Is not really 
injurious to books but )**, on the contrary, useful because It 
destroys the Poaocuia*. 

REMEDIES ri«>I»OKEl) 

Various remedies lune been suggested lor destroying the in- 
sect enemies of books Best of nil, aiTordlng to all the authori- 
ties from Horace down, is their constant use, provided they 
he carefully handled 

Some librarians put their faith In pyrethruin, others sug- 
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tfest uiixlnj? horse *»hestnut flour or e\en corrosive sublimate 
with the paste used In binding; other remedies suggested are 
benzine, carbon disulphide, tur])entine, formoi, cedar oil, and 
camphor Mr. Predlger suggests rubbing the books in March, 
July, and September with a mixture of powdered alum and 
pepiR*r on u piece of woolen cloth, whereupon Mr. O’Conor 
makes the followdiig oulcal comment **This rubbing with 
alum i» very much like the cold waiei treatment. It is not 
so much the cold water as the tieatment that cures. So, It is 
not the aliiin that is impoitant, but the rubbing I^et the 
lihrurlan not confine himself to an> particular month, but 
t\vi<*e or thrice a >eai ltd him o\erhaul the library, dusting 
each separate liook, not wHU a duster but with a cloth Wipe 
rallier than dnsl K\iH‘nsi\e** Very well; let a worm eat one 


expensl\e volume and then count the cost. There is no use In 
trying to hide a patent fact. Some shelves, even fn the best 
managed libraries, are permitted to receive and retain a layer 
(»f dust; and where there is dust, poor ventilation, and lack 
of light, sooner or later the book-worra will enter In and 
devour. The eggs of the Insects are deposited in the dnst. 
Under favorable conditions of quiet, heat and bad air, the 
eggs are hatched, the book*worm is alive and hungry, and the 
work of ruin begins. Where will it end? When will It be 
dlM'overed? Oftentimes only too late, when some great liter- 
ary treasure of priceless value has been utterly ruined." 

Prof Illley advises the baking* of books In some cases, care 
iieing taken to keep the temperature below* a i>olnt which 
wvnild Inlure either the leaves oi the bindings. 


The Psychology of Business Hours 

The Necessity of Freedom from Office Distractions 

By Dr. George V. N. Dearborn, M.D. 


T HK primary pin pose of tlds aillole is to suggest, partly 
l>y .supposed examples, some of I lie 4ipplIcatloiiN ot utodeLii 
JW3 cliologlcai tliouglit uml pi act Ice toward the hours of 
liusiiioss Tile intent especliilly Is t<i make jilaln fcrtaln 
enteriu \VhI<di ma,\ be useful for other business executives, 
for tlie mini of "l)lg lmslii**ss,” for the luUuncetl Imsine'is man, 
80 to say These <Titcrbi .uc iudj to a less extent applicable 
to tile “huck-workcis” nnUo an* soiiietiines found useful even 
III business Tlie work-liours of this latter grovip always In 
laige majority, must he detoniuned more by matters of ex- 
Iiedlency and of mb*, hy (ustoin, eM»n by tiade-unlon exactions 
One of the objects of tin* prc’Nent wanting Is to [Hiliit out (lie 
contiiist betvteen these two groiijis ol busimsjs poisons In this 
resiiect, that tlie fornu^r grouis the executives, muj realize 
the bettia* that their llllslne^^dlour siOiedule siMentIheaUv 
speaking ks In certain ways “out of joint” To anticipate the 
denou^mient of our little stor>, It needs rci i^noa ihnt nii artin 
in \erv maii> cases 

Hiisluess men ha\e said lli.it one lieais too luudi (ainoug the 
.idMuned masters espoclaIl,\ ) oi luislnessdiours, of iletuiUelj 
set perliids when tlie co1|miism1 iiuin at least must be in his 
imrtleular own oftlce more or less "prhute,” more or less, often, 
11 <'ell (Ireai things ba\e been (rented by patient linieser\ice 
In ((dls, it iH triu'-- but greatei thUigs outride, and more of 
lliem, and more biimun things And business is eminently 
luiinaii, the ^ery esseme ol human activity in e>ery grade of 
life alKive the eaiinltml None ihe less, in certain respetds it 
mssks humnni/Ing, and its pi\Kluction and pioflts will Increase 
as well as Its iH>piibirlt,\ , when It gets this scleii title (]Ui(konliig 
In the partial buntani/.ing ot Imlustiw the executUe has been 
forgotten, and h(‘ too often forirets himself — until it is too 
late 

It Is pait of the teiidem^ of Industrial life ol all kinds in 
Amerli'a to o\er-\,iUie tmision. si>eed, quant it if in .sluu*t, and 
corresiKUidlngb to uiidei -appraise <iuulity. Yet to pure com- 
iiK)u stMise (|uallt\ Is a higlier thing tliaii quantity ts,i\e in 
certain K>mlMdK miIiics sndi ns mone\ ) Honrs stand tor 
qunntit V 

Put in the direct jiroductlon of the working hours of luisl- 
ness people nf the exetuthe classes, this quality-preponderance 
IS wliolb (»h\lous It will leadlh *‘go“ almost without any 
sa.Miig at all Quallt.N (\lgor, freshness, originality, ingeiiu- 
itt, novelty, skill, In sh»>rt>, as nnj buMiiio.s,s man wsmld ad- 
mit, Is greatly moi*e produ<*tl\e than quantity usualb (an be 
tiuaniKj as such cun be Umglit in unlimited amounts, but 
quality less eusib, and \er\ seldom Indeed In your own quality 
for ynur own business “He who would 1 h' heat servetl must 
ser\e himself” Steiab routine, ailthmetlcal hours (unless In 
an ex(vptlonully secludtsl and hoiuellke or e\ea mTeatlve at- 
mosphere) tend to lower the quulit.\ b,\ depressing and efflcleucy 


Lowering monotony If by nothing else One’s liuhits must he 
left partly fiee, thus giving to skillful Initiative all Its proper 
opiM3itunitj This Is the burden of our present experience- 
song as business men themselves have sung It, now and then, 
for many years 

For one thing, as a iiromlnent industrial leader recently 
said, after dinner, manv* luisiness-folk fail to look far enough 
ahead often enough They lend not be over-thoughtful about 
themseUes iind the methods of their minds, and the lasting 
vigor of their own (and only) bodies Even “success” is an 
Irony and a reproach when its victim dies 10 or 15 years be- 
fore his ancestial time from excessive application at the ofllce, 
ovoi'Woir.v, under-cxcreisc, often with over-eating atlded^ — the 
husiiu^ss “race that kills” But this epidemic of unintended 
suicide of Ainoncaiis is not our present theme, how’ever wise 
and timob tins observing gentleman’s remarks 

For Inislness pui poses the business man’s or woinan’s day 
Is divided Into wotk-tLme and play -time, using the term pLiy 
in this < ase for all expense of vital oneigy U'sed not as work 
The id(Ml of byglenh* industrial sdence and ot business alike 
K to make the work like fday ' ’fo some renders this notion, 
doubtless, sounds visionary and illusory, but positively it is 
less so, certainly » than It now souinks “Wtirk” is often mis- 
taken for drudgery, whereas In reality work piopi^rtlv adapted 
to the worker Is one of life’s most dependable and pt^rsistent 
pleasantnesses It is toil tliat hurts As for executive, “high- 
grade ’ w'ork, for the highest at least : such work of the most 
productive and important sorts can be done iu pla\-tlrae, not 
only l»v the subconsdous aspect of the mind, but also by con- 
scious etfort, si4uaetimes without disturbing the spirit of play 
and of rest One hears U said that that business man is for- 
tunate who has the power, especially if made habitual, of 
leaving his business locked up with ids ledgers in his oflice 
at night 

A prominent broker ot Boston is the wonder of his (Tonies 
and hih neightors In Winchester In this re.spect. The rninuto 
he leaves the ofllce he is essentially a lioy again and the de- 
light of w'homever he associates with One would think he 
never liad a business or other worry in his life. He replies 
In answer to compliments ns to his extraordinary (apparent) 
youth “I‘m leading the selentiftc, the psychologic life — 
and I’ve the persistent will-power to put It over, that’s all” 
Certain It is that he makes the happiest adult companion, and 
so the happiest home, the writer knows of. Some men and 
wmmen obviously are getting, and giving, the benefits that the 
S(*ience of human nature is now learning to supply. 

This prlndple of mind-control undoubtedly applies to w^orrys 
to anxiety, to one's anndyance, to every kind of apprehension ; 
It need not appbv to one’s proper work, adapted to the worker. 
One never need he afraid, even on holiday, of properly adapted 
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work — iMit only of Its more or loss needless disquietudes and 
worry. Multitudes of business-folk have discovered these facts 
for IheniBolves; and science confirms the discovers*. 

E\en tlie business roan may ad\antageously listen some- 
times to the products of recent psychological research. For 
example, to this : The business person may well learn to leave 
more, i>erhupa much, of the solvln.g of hard problems and the 
elaboration of detail, even, sometimes, to the less obvious, more 
intornul, ‘'subconscious** mental processes And “the subcon- 
scious*' so understood, will not uorry, and has no fears, at 
least whenever It reaches consciousness, so that we can real- 
ize them, its real fears, as Frued has shown so dramatically, 
show themaeKes In other ways 

The subconscious aspect of mind is not a chimera as a few 
used to suppose. But until recently it has been the one phase 
of mind most neglected by psychologists, and that for reasons 
sufficient, but unrelated to our pn*sont discussion If one 
compare the atronin of mental action to a river, the subcon- 
scious part Is like the muss of water, while its conscious aspect, 
of which alone we are continually aware, the only pnit we 
*'feel,'’ see, hear, smell, taste, etc, corresponds to the ever- 
llucuatlng surface of this on-tlow'lng strcuni So many lecent 
books and articles e\ery where have described “the subcon- 
scious’’ of late that smreoly more need be said as to its real- 
ity and Us pieeminent Importance In our lives It is necessary, 
however, to emr>lmslze one thing This subconscious or un- 
conscious part of our minds douiiimh^ our at’tions to a very 
large extent, howe\er little we may l)C aware of It I think It 
Is obvious that the nveiage business man so far has not ap- 
plied this psjcholog.x of th(‘ suh<‘oiisclons to his own needs 
P8>’^*holog.\ has iuht found the time to do It, in part, for him 
Those who w’oiild do tbeli own delving Into the deep recesses 
of their minds for tliemsclvcs, may wdl road Von Hartmann, 
Wm James, Ilenrl Poincare, Morton Prin<*e, Schofield, Adding- 
ton Bruce, II VV Kmeison It is an ubwlutely interesting 
and even dramatic < liapter in the long continued slorv of 
mind, its method is iliat of the best, that Is intisl thiilllng, 
detective stones — de\lous workings In the dark 

Business tc<*hnlc|lie, like all others, Is a development, an 
evolution, and as smh must of necessity lie forever changing 
and Improving, oi It slides imek The lules and the customs 
(»t jestcuveai tin* lodav partly obsolete and outgrowm Busi- 
ness might well ad(»|»f the James pragmatic attitude If it 
works well, il is right The least the business person can do 
who wislies to make tlJe most of passing things, Is to “try out” 
the agrec'able suggested applications of modern sclent Itie psy- 
ihologv No longer must tlie intelligent magazine leader, not 
to say reviewer, sli.v at Die Greek spelling of the first sellable 
of the w^rd psycholog> ’ Multitudes to whom "Slcology” 
would seem a lad.v worth dlscusslug one's difficulties witli 
deem the veiy same bnl.v i>> the name of Pyschology too “high- 
brow*’ for niuiulaiie business affairs, office troubles included 
But we are changing .lU that since the war, as many a business 
man is eff<Hrtlvely proving 

Thus, for our present puiixvse, huniauaialure wisdom dis- 
tinctly suggests that office hours often may be shortened, even 
on the Ivasis that office hours are the time for making numer- 
ous decisions, for meeting others on business matters, and for 
doing those numberless business things that oui l)e done only 
by oral inference wfitli oue*s business assoclatiw. For most 
exe<*utives and “blg-business” men and women more often tlian 
not these hours, even us they are, nie needlessly long. Like 
the artiBt In llteruture, music, painting, sculpturing, etc, the 
business-executive Is a creator, a rierson methodl>cally using 
ingenuity, originality, skill, and all the other mental faculties 
and processes of the highest grade. As a creator he Is en- 
titled to the same freedom from time-scrvla' universally ac- 
corded the painter and the musical composer Cr«*tttlon arises 
mostly from the suliconsclous associations of the brain and 
the mind, and these go on often bes^ at times not measurable 
by the seconds-tlcking clock, and in pll sorts of places, even 
the most unlikely. 


This wua just uliout the urgumeiit put up by one of the 
ingenuous general man rigors of a great near-Boston concern 
recently when the family directors, somewhat old fogylsh in 
the antiquity of their “Institution,” to set It mildly, actually 
inquired of him formally why he was so seldom In his office 
when called on. “You expect me to do the thinking for the 
business end of this company and s*ul It to \ou I'm game for 
that, gentlomeu,” he said, “but when you e\pe<*t me to do niy 
own thinking In your own way and hours. it*s a bit too thick.*' 
It Is said in the works-office that he made other remarks about 
office boys keeping school, etc, scarcely fit for publication in 
a calm and sober magazine Be that us It may, his brief lec- 
ture In modern ps>cholog>*, applied, made an iinpre.sslon on his 
politic hearers and eraphoers, tor certain Is it that this man 
now seldom can be found in his office save l)y upi>olntinent 
And the last six months of the business suggests to passers- 
by that he is still thinking — and certainly where and when he 

pleases. Each of us has an unique thinker, and Mr, H 

had found that his creaked and squeaked and got hot uiidet 
the collar and worked badly In general in the tense and foimal 
atmosphere even of his own “private” office This man seems 
to he more of a psychologist than be would have udniUteil had 
any one lOHSised him of it 

.Tiist as one “learns to svv iin out of water,*’ so, and bv the 
same universal proiess of the subixmsclous, the business per- 
son often can do the very most import aiil things he has to do 
at all on the golf course or at home bus> and happy witli the 
wife and kiildies. Give tbe sul>cons<.iuus its optxiriunlt> bv 
refusing to mechanize j ourself ’ Mind is not a machine 

As quality bef'oines moie and more important in u man’s 
worky lus business day should tend, in the long run, In gcmeral, 
to bc<*otne shorter The scientific basis of this principle is tbe 
difficulty of doing new and unusual things, of all new adapta- 
tions to one’s env'lronineul This greatly increased nientul 
difficulty makes shorter houis plainly necessary for roiitiiiu- 
ous 4‘fllciem'> if one Is to go on without chronic fatigue One 
has to allow* also for woik, ospeciall.v thought work at home, 
etc, perhai>s at night when ev(»r> less thoughtful employe Is 
sleeping Five hours daily, exclusive of the breaks (recesses, 
see below*) ought as a loiitine duv tor any executive to he 
enough, sometimes <*ertainly even that ranch la umiecess.iij, 
and if muieressary then unprofitable The Master Subcori- 
si'iousuesa w-orks us well, broadl.v speaking, In one place as 
In another — as well In one’s (ar (on the rail or on the h’gh- 
wuy) us In one's private oflue down town. 

One of New York’s busiest and most constiuctlve thealrlcul 
producers >eurs ago discovered that his free brain vvoiks bet- 
ter out of his pleasant Manhattan office than In it In iiil 
but the busiest part of bis year, mid-Hummer, tins applying 
psychologist does not leave lus I.ong Island home until ten 
oclm’k or after, arriving at his offiic about elcvtui He finds 
the most imiwrlunt le titers of course ready for lus answ*eriiig, 
and a few adralttisl people awaiting him But lioth of these 
classes of communications are dlstK>se(l of by one o*clo< k Then 
he goes to lutK'h at a hotel wdth a dozen or Inill a dozen 
managers, who siwqid a Jolly ami profitable two ln>iii's or so 
discussing matters of various striking sorts Sometimes lu* is 
!>jm k in his oftbe by three o’clock, but quite as often his aftei- 
noon “office hours” are kept on the golf links, wiieie he prac- 
tices the prolongation of life as well as golf and the plans 41 f 
show-producing Doubtless many playwrights and silll imu'o 
numerous actors and stais of all the leading mugnlt tides w'lsh 
his office houis were longer, but the “efficiency engineer*' can 
not help commending his division <»f his busy day He knows 
“by Instinct” that he cun think to the best business advantage 
(to Ignore the health factor) when he Is free 

This man, whose name is an American “Imusehobl w'ord,” 
Inaiats to his Intimates and coadjutors that more time outside 
(shorter business hours) for tlie executive generally Is a 
means to the wider view and so a more Inlelllgent and more 
generally successful “adaptation to the social environment” 
This Is another point, then 
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Slitirter husinews hours does not mean that the hours one 
keeps should be less accurately, oonsdentlously, and system- 
atically kept. One’s business associates of course must know 
when you can be depended on to be in your office, even as the 
doctor, though perhaps less importantly, sometimes. 

'‘Routine half-hourly breaks In business hours, however 
‘rushed’ one is would be good psychology," says one unusually 
successful hustler, and goes on to explain that under usual 
conditions one no longer expects concentration of mind for long 
periods, but only concentration for strong degrees of effort 
for short periods; this matter is of basal Importance. One's 
private clerk should see to It that these breaks are afforded 
his chief and employed by him for u change of interest and 
of posture, etc., for 10 minutes or so each half hour. These 
are good times for quick but f refluent inspection of works, 
offices, etc,, and for the gradual human acquaintance with 
one’s employes. The tendency of these breaks is antl-snobblsh 
as well as hygienic, and so all to the good ; they make for bet- 
ter hurtian understanding lietween labor and capital, employe 
and employer, which above all else psychology urges upon 
industry and business. 

The niiH^honical stenographers (by phonograph) make our 
contention of the need of less-long and leas-flxed office hours 
still more important than it was before they came into use 
Advertisers call attention to this feature of their use, and it 
cannot be gainsaid. When these machines become reasonably 
priced, their use sooner or later is certain to be unlvsrsnl in 
all but the smallest offices because of this if for no other 
reason. Hut there are other obvious reasons; cue can take 
them along on a trip as one cannot readily take a living steno- 
grapher! And some people, more especially, can talk better 
to themselves than to another person ; but we are concerned 
here chiefly with the shortening which they afford to busi- 
ness hours. 

Pleasant emotion tires far less than unpleasant emotion of 
like tensity. On this account the psychologist may properly 
in the abstract partly deplore the adoption of mechuntcul 
stenographers. 

Humor Is not out of place in business hours. It is the ‘‘3 in 
1" oil of life, making for happiness, efficiency, and real suc- 
cess. Heaven bless, indeed, the amateur humorist and good- 
humorist. (whatever it may be found expedient to do with 
the humordst by profession ! ) He makes the business office and 
Its worries a place to think pleasantly of, after all; and gives 
to the passing office minutes, however full of dfissatisfactions 
at times, the glamour of human nature at Its best — the benign 
and blessed influence of joy, Index of ten of the highest cre- 
athe powers of which the mortal business man Is capable 

It is the emotional aspect of business that fatigues, and not 
the "purely Intellectual" processes such as planning, calcula- 
tion, etc. In proportion as a business has emotion m It, for 
another point, then, business hours should be short. For such 
business folk as cannot shorten their business time to the day 
that is strictly ideal for I he executive, it is all the more essen- 
tial that business hours should be pleasant hours, or at least 
not unpleasant. Good humor is the superflclal way of keeping 
high the ratio between energy-expense and enjoyment More 
systematically it is a matter of variety; of "success”-atmo8- 
phere; of coaxing rather than of driving; of good mental and 
physical hygiene; of encoiinigement of all kinds This, too, 
IS all sound psychology, but a little outside our present theme. 

Routine "four o’clock teas" In form adapted to the conditions 
In each case, in my opinion, are time and money and bother 
well expended They help mutual acquaintance, promote the 
"human" elein^t, increase the mutual respect and regard 
h> way of assfK‘Intlon, to my nothing of the material suste- 
nance and stimulation when these are needed most. 

The time of day of hours for business for the executive is 
not preferably too “early” in the morning, despite Mr. ITpde- 
graflTs recent examples. Morning is the meeting-time of ideas; 
then too the Joy-efflciCTic> ratio is highest, and the worker’s 
energ> freest. I^ate in the forenoon, (when the central ner- 


vous system, the brain and spinal ner\e, have got Into swing, 
and readied their momentum, and keenness of association) 
pure iinentiveness perhaps, originality, Is at its freest and 
best. My own observation would agree in psychologic sense 
with the ancient British habit of coming to business in the 
latter part of the for^oon. It is based on the soundest 
science rather than on "national sleepiness." 

If one's work is such as to be within, say, four hours in 
oflice dally (and with due appreciation of modem ideas of 
quality and of quantity, of the stheneuphoric index, of the 
mcdianlcal stenographers, etc.), the forenoon, rather than 
the afternoon. Is the time ideal. One of the busiest and most 
constructive executives I know, a man who had good hygienic 
training (even in his "great university" course) keeps office 
hours most days from 0.30 until 1 P. M. He tells me that 
fiom his arrival until eleven o’clock he is doing more or less 
routine things; that about eleven he has "trained his sub- 
conscious" to do its most original and its best on the day's 
chief problems But the real secret ol this man's always 
amazing mental productivity seems to me to be more In his 
Inevitable rapid walk (he lives In the semi-country) from 
eight until nine every morning, his usual fifteen- ndnute nap 
while spread out flat in his darkened bedroom after lunch, 
and hifi hours of sleep each night when no important social 
engagements prevent. He insists that while he is a working 
man he will work as efficiently as his intelligence and his in- 
formation (respectively native to him and purchased) can 
show him how. He tlulnks he will get his "pile” early (it looks 
now as if he certainly would!) and then enjoy his evening- 
freedom all the more. His smart morning walk, his after 
luncli naplet, and his nine hours of sleep all combine to fur- 
nish the ideal quanllly and quality of nerve-force for his 
habitual business inspirations late in the forenoon, led up to 
during his morning walk and more or less familiar scenes. He 
thinks much in and out of his office, but he never worries 
about business. He is right and broad in thinking that even 
business Isn’t worth it! — not to a real human man oi woman 

One should not sit at one’s business desk too long at a time, 
but frequently move about resting one’s eyes, rearranging the 
distribution of blood about the body and breaking up the office 
hours’ monotony, however strenuous. The condition of the 
best mental work Is fre<iuent change No man can sit still 
an hour and be mentally as alert as he might be 

Fatigue comes In to reinforce this plea with its new psychol- 
ogy and physiology. More and more obvious to science are 
on one hand the abnormality and on the other the importance 
of fatigue In work, indeed in any human, any animal, process 
where true efficiency is the criterion of Judgment of condi- 
tions or an end In itself Here business has much to learn. 
A research made by Friedrich in 1897 showed how distinctly 
fatigue works on schools boys in the work of taking dictation, 
of being dictated to* In tlie morning before school began the 
class made 40 errors In a given piece of work ; after an hour 
of school lessons, 70 errors; after two hours, 160, and after 
three hours 190 errors — a 400 per cent increase. The average 
business woman or man perhaps would make fewer errors and 
show less sign of fatigue than boys, but surely only at an 
extravagance of energy wholly unjustifiable when not ex- 
pedient for other reafions. The moral of this simple research 
by Friedrich every business person should realize and use in 
the planning and conduct of his work. 

The Ideal conditions for thought (business execution of all 
kinds is the realest kind of thought) are not met In office 
hours under usual conditions. This may be noted although 
almost too obviously to require mention. And It is thought 
that counts! It Is quality, and it is quantity. Perhaps, 1 may 
be permitted to repeat a paragraph from tlie chapter “Is Tour 
Thinker in Order?" from my recent "Hoio to Leam Easily." 

In discussing learning to think, there are six practical points 
to be noted: (1) a realization of the necessity and Joy of 
thought to education and to suc<ess; (2) development of in- 
terests as \Tirled as possible, provided they be not too 
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diverse and numerous at the same time, (3) un abundance of 
clear ideas ("concepts”), especially of relationship; (4) a 
habit of concentrated attention alon^ more or less “rational** 
or logical lines; (5) a thought-habit developed by practice 
(writing, debating, reflection), and (6) the opportunity for 
thought, time and relative solitude). 

Business, like all other things worth doing, requires more 
thought, more deliberate, leisurely thinking than it usually gets. 
It is thought that counts, but because supposedly “diflloult,” 
and therefore often not habitual, few practice It. Hence 
only the few, (these are the thoughtful minority) “succeed** 
to the utmost. Thinking Is really not hard to do; it seems 
ho to many, only because It is unfamiliar — but like swimming 
(and so many other pretenses) !t seems “so easy to do when 
you know how.** And clearly that so few know how to think 
Is not the Inherent fault of the Individual, but of the antique, 
medieval, traditional educational system which still retards 
our r1vnt$sation and the progress <if so many kinds. 'The 
business executive, frankly speaking, needs to think real and 
e\er new thoughts, tboughls new for his particular mind 
w'hether for others or not But the average offtce 1& no place 
for thought, psychologically speaking — unless it may In cer- 
tain oases acquire the “free” qualities of a freer euvironment, 
and this Ik a difficult aoqulromont for the average. >es, for 
any, business office Tlie practical wrollary of this basal cir- 
cumstance is. More time In a much fiecr enviixminent, le, 
shorter business hours, for more time iii the groat outside 
Some busy, yes \ery busy, “ship owners,’* “way down East’* 
(as far as Portland) lui\o made an extraordinary success of 
their work on this basis* They do a lot of intensive thinking, 
getting a gi'eat deal “thunk** us the college liojs say — ^but 
office hours are to them pra<*tlcally non-existent 

Thought for the business person Ik too often not puie 
thought at all, but is iqit to be thought-u<*tion, thought which 
flies off like sparks fi^oin an emery wheel in use, a by-product 
wiiether deliberate thought or not. Rut business problems re- 
quire much “pure” thought, deliberate thought at a special 
time used for it alone; when one cannot only make thought 
of business, but business of thought^ 

So the business inau Is obliged to use tune outside Ills set 
hours, however numen>us, all who uie real linsiness musterH 
know and prutticc this, of course Tbe.\ have to do so My 
present Immediate plea is that the advanced business life be 
still further modernized and naturalized, and humanized and 
hyglenlzed, mentally and phyicully, by men’s trusting still 
less to a set business day of mechanically definite hours by the 
clock on the wall And that they trust their succc^sh and 
progress much more to the wide and versatile constructive 
mentality that Is in each of them Let the “llilnker” work 
wherever and whenexer it may chance to do Its advaiu’cd grade 
of creative business. Thus will the business person lie more 
human (I e, more of a man or w’oman In a social onnmunity), 
and also more construcllvely and executively efllcleiu— there’s 
not a doubt of it. Some manage to get ahead certainly witli a 
minimum of constructive deliberate thought, but with what 
a handicap! For emphasis sake, so that no ixisslble reader 
may miss the Idea, so often expressed bv men of large af- 
fairs, it Is repeated that in proportion as business work H 
routine, and mechanical, and famfiliar, and “hack-work,’* these 
suggested conditions do not apply , while In proportion as 
the work Is skillful, constructive, free (planning, the devising 
of novelties, etc), they do apply. Our present point may be 
summardxed In advance by reflecting that much of the more 
Important business work of the executive and the “blg-bual- 
ness man** requires for its thoughtful conduct an immediate 
environment less monotonous and freer than the average 
office, however complex and private, affords. 

I am confident that an "applied psychologist** who tried could 
suggest a variety of business office, and how to build and equip 
It, which would meet the requlrementb of freedom for its 
users, at least, In those coses In which space and money 
were available in sufficient amount. The "slogan** of this 


office-pbui would probably be: Unhurried and unworrled i>er- 
sonal cqiportunlty I A business-thinker, untrammeled by in- 
sistent distracting actions. An environment, spiritual and phys- 
ical, In which the Joy-energy ratio might readily be high. Sucli 
plana would bo well worth while In certain elaborate business 
circumstances For the most part, however. It is more ex- 
I>odient and practical to have the business Individual go to 
the tlioughtful environment Instead of trying to bring the ideal 
environment into his business establishment. 

The psychology of business hours suggests one more thing. 
The vast majority of business ft^k either “hustle,” or re- 
proacli themselves as iDeflk;ient If they do not "hustle.** Now 
liustle is hurry and hurry is waste, oftentimes of material 
production, but always, I believe, In the life-long efficiency of 
the business person even considered as a machine, which a 
human being never is Business hours, tlien, should be 
orderly and unliurrfed, and therefore imworrled and efficient 
to the maximum, “Haste makes waste,” waste usually of 
business production in the long run, and always of life. If 
one wishes to wear out early, hurried office hours are well 
from the hurrier’s ixjint of view Their length has nothing 
to do with this, it is a matter of inner motive and feeling 
and of outer atmosphere 

The issue here Is a clean-cut issue and cannot bo denied. 
The busy busJiuess man (the overworked business woman 
has not emerged into prominence as yet) who wishes really 
to live as long as he can and meanwhile lu decent happiness, 
must leaim to hyglenize and especially to humanize his office 
hours !u various ways so that they will be less deadly, lie 
must alter his increased out-ot-oflice hours that they shall 
not waste his central nervous system, his heart, his arteries 
and his kidneys long before their ancestral time. In tlie “or- 
ganization** of Imslness, few things seem more in need of 
refonn or to lie of more basal iini^ortaiice than keeping alive 
many of the best of our business-must eis so that they may 
enjoy their “success” longer^ after 5r) years of age. 

The feeling, or the idea c\en, of hurrying (fear lest there 
W'on’t lie Uuio) is the commonest and therefore in the large 
the most Impoitant, occasion of worry, — and worry is the 
stalking pestilence of tlie business man snatching him early 
hence A tiite, a gloomy, but an insistent theme Is this 
hurry-w*oiry, and >et In America the most iinportanl of all 
that concerns the personnel of business On general psycho- 
logical principles, the normal individual, who knows better, 
will not continue to harm himself, and the difficult problem 
of all hygienic reforms becomes the befitting education of the 
public In business-worry this scarcely cun he the case, for 
every young business man nowadays Inevitably must realize 
the dreadful and needless slaughter of business men in 
America, after 50, from arteriosclerosis and like effects of 
chronic over-strain, mental and nervous. The worry*of-hurry 
is the Infectious agent without u doubt, and it frequently gets 
spread abi>ut in luxurious uulumoblles though never on the 
golf-course, or along the trout-streams of Nova Scotia. Tlie 
hygienic (if not the bacteriological or medical) name of this 
deadly pest Is certainly (or it ought to l)e) Bacillus hustlecus. 

As Walter Dill Scx>tt suggests, every business youth, on be- 
ginning his or her business life, should adopt an avocation, a 
fad, some outside Interest, only less absorbing than his busi- 
ness, and should continuously cultivate it as a foil, a rest, 
a saving grace to his business. Provided this fad on unbuslness 
like Interest be one not too narrow and one not too difficult 
and fatiguing, the recipe is fundamentally an imxK>rtant one 
for this matter of business-hours us well as for personal 
hygiene in general. For it will solve the danger of "unpsy- 
ctiologlcar’ business hours as no end of pages could but fall 
to do. But the ideal fads and avocations will take the busi- 
ness folk more and more where they (*an do much of their 
work and do it best— In God’s and man’s Great Out Doors. 
Were such a flippant mode of expression not improper in such 
a discussion wc might well advise the over-worked executive to 
be often off in office hours. 
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The Habits and Habitats of Flying Fish 

Is Their Flight Mere Volplaning? 

By May Tevis 


N OW that mim htis seen lids uro old dream come true 
of the mawtery of the air he Js more Interested than 
ever in the nie4*hanlHtn h> which flight la accomplished, 
not only In birds, the past masters of the art, but in other 
creatures which have lusiulred the art of sustaining them- 
selves In the air by means of wings, fins, or the tautly stretched 
membranes which In some caseb act like airplanes, para- 
chutes, or the surfaces of kites 
The flight ochleved by certain fishes Is of peculiar interest 
because of the circuinstance that all other creatures breathe 
with lungs and therefore suffer no difficulties of respiration 
except at unaccustomed altitudes But fishes take In the oxy- 
gen necessary to support life through gills and these are In- 
capable of functioning except when moist, and as a conse- 
quence they are unable to remain long out of their native 
element, even wdien able to propel themselves through the 
atmoi^here for oonsldernbl distances 
The fishes which have acquired the adaptation ne(*easary for 
the accomplishment of tills feat are found in tropical and sub- 
tropical countries In various portions of the globe Most of 
them are marine animals, but three kinds Inhabiting fresh 
waters have been discovered In comparatively recent years 
Chief among the latter la the pantodon, which will be here- 
after described. 

Turning to the murine flsiies we find that the faculty of 
flight exists In its moat perfect condition In two widely dis- 
tinct families, one of which, the Kxoca^tids, belongs In the 
group of unarmed, soft-tinned fishes, called Synentognathi, 
while the other family, the Daciyloptcrids are armed fishes 
related to the Gurnards 

Whether marine or fresh all fishes capable of sustaining 
themselves in the air do so by moans of an adaptation consist- 
ing of the elongation of the rays of tlie pectoral or breast fins 
and a corresponding exiension of the membrane w’hich con- 
nects the rays The rujs to some extent correspond to or are 
homologous with tiie digits of the wing of a but or bird, and 
the “wing” of a fish is therefore more like that of a bat fhan 
that of a bird : the wing of the fish, how^ever, corresponds only 
to the distal portion of the bat’s wing — that beyond the carpel 
bend. 

The fishes are buoyed up in the air by this greater spread 
of surface, which may be regarded as corresponding to the 
planes of a flying machines. However, the Initial impulse for 
rising Into the air is furnished by the tail fin, the musdes of 
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the breast fins being bur llrrle more developed, If at all, 
than in ordinary fishes This ctunparative weakness of the 
muscles In the breast fins furnishes a curious contrast with 
the very marked development of the analogous muscles in 
bats and birds. 

IHK KXOfOKlOID FLVIXO FISHKS. 

The exoccetids are usually considered the true flying fish 
family. One of their chara<1eristl(» features is the course of 
the lateral lino, whb'h is developed low down on each side of 
the abdomen and above the anal fin to the lower lobe of the 
caudal fln. The most perfectly adapted members of this fam- 
ily of fishes, const Uutlng the sub family of exocmtines have 
lH»th laws rounded or simply ungnlatcd In front, and the pecto- 
ral fins are generally greatly enlarged and adapted to the sus- 
tentation of the Isidy in the air Xotwlthstandlng this strik- 
ing speclullzaticm of the group, there are considerable differ- 
ences. All agr«*, however, but In varloiiH' degrees. In provi- 
sion for emergency lo louping from the water and by progress 
in the air. 

A leading nutliorlty, uptly named Theodore Gill, has given 
the follcrwlng admirable description of the structure of these 
fishes • 

“The form is adapted for the life most of them lead ; 
the subfusiform shaTM\ with a quadrate periphery and with 
the sharp cut front, is fitted for progress in w’uter as well as 
air with the least friction The elongated lower lobe of the 
caudal enables a final strong upw^ard impulse to be given to 
the leaping fish . the pectoral and ventral fins are enlarged 
with the maximum of .surface to sustain the body In the air 
and the minimum of weight In the framewwk. Their fore- 
most rays are also sharp edged forward so as to act as 
“cutairs” as vvell ns cutwaters The air bladder is greatly 
enlarged and filled with a gaseous emanation (mostly nitro- 
gen), which diminishes the relative weight of the body.” 

While most flying fishes are found in tropical and subtropical 
seas a few wander into temperate areas on either side of the 
equator. As a general rule they are found not more than one 
hundred to two hundred miles from land. About 05 species 
have been described, some 20 of which have been found in 
American seas. Five species are known upon the Pacific 
coast only and two upon the Atlantic coast, while the others 
enjoy a wide range — the majority uf them being found both 
in the Atlantic ankl in the Pacific. 



1920 


SCIENTIFIC AMERICAN MONTHLY 


500 


They are compumthel^ uniform in size, the udult fish 
rarely less than 8 Inches in length or more than 18. They 
swim In schools which are sometimes \ery large They fre- 
Quently swim very near the surfaf^e of the water, mo\iug 
with long, sweeping strokes of the tall and latter half of the 
body while keeping the pectral and \entnil fins presee<l close 
to the body. Every now and then, however, the breast fln on 
one side is slowly stretched to its full extent, apparently, 
merely for exercise. A striking descrlpUon of (heir ast^ct is 
furnished hy Hugh 8iiilth, who found this spreading of the 
fins “exceedingly striking and pretty, the fln hwiklng like silver, 
and when several of the fish were in company the flash caused 
hy a flu Indng opened, now here, now there, now on one side of 
a flsh, and then on the other, heightened the effect ctmsldera- 
bly. 11 WHS curious to note, when the expanding fln was 
closed, how' complefelj It dlaapp<*ared, altering the ati|H^uruiice 
of the fish entirely ” SomeUmes In spoit, sometimes to escai>e 
pursuing enemies, with ln<*reased vigorons tno\ement of 
the lull, they spring out of the waiei, Immediateh spread 
tlielr pec‘toral and ventral fins, and start an aerial pmgress 
known as flight. 

1)0 ¥L\1NG ilSHKS KfcALLY FI V " 

There has been much debate among iiutiinilists as to 
whether the progress of flying Ashes Is i>roperly to be called 
true flight Tlie nnsw'er api)eurs^t<i he a matter of definition 
If h.v flight we mean the voluntary beating ot the wings |>er* 


formed by birds and bats m the a<i of lliglil, most authoiitles 
seem to think that the fish do not reHll.^ fly but merely vol- 
plane In the air However, since modern usage applies the 
word flight to the motion pioduced in flying squirrels, flying 
oiM>ssums, flying lemurs, fl>ing lizards, and flying frogs, as 
well as to fl>lng planes constru<*ted l)y man, in all of which 
cases the body is sustained In the air hy expanded membrane's, 
then we may say tliat the flsh really fly 
The question was Impaitlally and sclentlflcally c^msldered 
by Karl Mbbius, who came to the conclusion that flying flsh 
are incapable of true flight for the simple reason that the 
muscles of the breast tins are not large enough to hear the 
weight of the body in the air. The pectoral muscles of birds 
which depress their wings weigh, on an average, one-sixth of 
the total weight of the body, the pectoral muscles of bats one- 
thirteenth, and the muscles of the pectoral fins of flying flsh 
only one thirty-second. The Impulse to which flying flsh owe 
their long shooting passage through the air is delivered while 
they are still in the water by the powerful masses of muscle 
on both sides of their body, which are of much greater breadth 
than in the case of the herring or any other fish of their own 
sise. According to this authority', the movement of the pec- 
toral llna, described generally as fllctoering, vibrating, or flap- 
ping, Is only a vibration of their elastic membrane, and Is to 
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be referred to the same laws as those W’hich govern the flap- 
ping of a tight-set sail when u ship under a stiff breeze Is 
ilrlvlug dose to the wind Flapping or vibration at once 
occurs whene\er the sail heads parallel to the wind 

Tlie more rapklly a flying fish darts out of the water the 
greater is (lie momontuin with which the air presses on the 
outsinead pisioral lins Should now tlie atmospheric pres- 
sure Induce tliese bus Into a hoiizoufal [Misition parallel to 
ihe wind their vibration K a netessary result Let the out- 
spread pectoral flns of a dedid flying fish be held Imrlzontally 
iK'fore the opening ot a pali of bellows and the flns will be 
seen to vihiate as tlie current of uir passes under them 

Such are the nmdusions enunciated by Mbblus In a spodnl 
memoir (in (Jerman) on the inoicments of flying fish through 
the air (1878) as epitomized In 3885 These, however, were 
viguiuusly obnsied to hv C O. Whitman (1880), who urged 
“Admitting that In fonn, size, length, and sdriicture the pec- 
toral flns of lh(» Kxorutu'y are less well adapted to flight than 
the wJng£> of most birds, Hiere is stJJl ample room to believe, 
on anatomical and physiological grounds alone, that they are 
capable of exeiaitlng rnie flight" This view is supi»orted by 
Mr J T Nichols, of the Department of Ichthyology of the 
American Museum of Nnlural History in New York City, 

Opposetl to this view aie the expressed opinions of many dls- 
ftiiguishod traveler-naturabsts Moseley, who circumnavigated 
the globe as naturalist of the great Challenger Expedition, 
expressly dtniares that he hud never scon any species of 
Exoewtus flap its wings at all during flight. Jordan and 
Kveriminu (1H1K5), who had many opportunities for observa- 
tion under most favorable conditions, were convinced that no 
force Is ucHiulred while the flsh Is In the air. “On rising from 
the water the movements of the tall are continued until the 
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whole body is out of the water. While the tall is In motion, 
the pectorals seem to be In a state of rapid vibration, but this 
is apparent only, due to the resistance of the air to the mo- 
tions of the animal. While the tall is in the water the ventrals 
are folded. When the action of the tall ceases, the pectorals 
and ventrals are spread and held at rest They are not used 
as wings, but act rather as parachutes to hold the body In 
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the air ’* Boulenger, of the London Zo6io^cal Garden, the 
best informed ichthyologist of Europe, according to Mr. GllL 
voices the general verdict in the apt declaration (1004) that 
nearly all the family are in the habit of making great leaps 
out of the water, and this tendency culminates In the flying 
fish (EitoccetuM), “wiilch skip or sail through the air in a 
manner the explanation of which has given rise to much con* 
trovergy. According to the latest evidence, the sole source of 
motive power is the action of the strong tail while in the 
water. No force is acquired while the flsh is in the air. The 
pectorals are not used as wings, but as parachutes." 

The contention that flying Ashes have the power materially 
to modify their course in midair is generally thought by quali- 
fied Ichthyologists to be not corroborated by their structure 
or by exact observation. Louis Agassis (1868), however, was 
confident not only that they change the direction of their flight, 
but that they raise or lower their line of movement repeatedly 
without returning to the water. 

Tliey must have leverage to work from, remarks Gill, and 
after leaving water they must go as their final impulse directs 
or as the wind determines. Even those who contend that they 
can direct their course may admit that when in mid-flight 
they cannot suddenly divert their course. Muthew (1873) 
observed one which emerged from the sea within 10 yards of 
the ship and flew directly towards her, coming so violently into 
contact with the ship's side that it fell stunned, and floated 
nstem on the surface of the sea with its pectoral fins rigidly 
extended. Possibly they may be able sometimes to flex the 
tall or fold one fln in the air and thus change the course to 
some degree. . , . 

When the flsh begins to fall, the tail touches the water, when 
Its motion again begins, and with it the apparent motion of 
the pectorals. 

When a flying flsh falls on the deck of a vessel it may spas- 
modically and very rapidly move its pectorals upward and 
downward, and such a movement may be made while the fish 
Is **on the wing" and give the appearance of vibration so often 
claimed to be observed. This action doubtless adds something 
to the force of the leap from the water, but it Is by no means 
actual flight, say most ichthyologists. 

It has been claimed that flying fishes arc not often to be 
seen in periods of calm and a smooth sea; it is when the 
winds blow strong and the waves roll high that most of them 
make their appearance. Hence the belief that they foretell 
a storm. It is easy to understand how tho action of the wind 
combines favorably or otherwise with their flight As any 
air in strong motion, when it Impinges against obstacles (a 
ship's side or waves) rises, It raises the flsh also, so that it 
flies over the wave or may come on board the ship. In short, 
as Professor Mdblus proves in detail, all the phenomena ob- 
served may be fully explained by the combined action of the 
oblique projection forward and the wind. Directly against 
the wind they commonly fly farther than with the wind, or 
when their course found an angle with the direction of the 
wind form an angle together Most Ewocaeti which fly against 
the wind or with the wind continue, during their whole 
course of flight, In the direction in which they come out of the 
water. Winds coming laterally upon the original course of 
the Krocflpn deflect these into their direction, as shown in (he 
accompanying diagram. 

THEIR FOOD. 

The food of the flying fishes consist of such animal organ- 
isms ns occur in the seas which they frequent They are 
numerous crustaceans some mollusks, such as Pteropods and 
Jantblnlds, and various small fishes. These fishes are, In 
fact, almost omnivorous, as may be understood from the means 
of capture used by professional fishermen and anglers. 

THEIR ENEMIES. 

Flying flsh are practically free from capture by birds, but 
many of^the large ocean fishes, such as dolphins, tunnies, 


bonitus, and albicores, as well as sharks and porpoises greedily 
pursue them. In order to help themselves escape, the develop- 
ment of the powers to leave the water has resulted, and most 
of the near relatives of the flying Ashes whidi could not ac- 
quire the power have long since ceased to live, for the nearest 
living relatives belong to other groups — the Sauries and Half- 
beaks. The pursuing fishes are as swift and active In the 
water as the flying Ashes, and even escape from the water 
serves often merely to delay capture for the pursuing flsh may 
catch one as it falls from the atr. 


THRtR EDIBILITY. 

Flying fishes are said to be unusually savory and palatable 
as articles of food ; especially dear to epicures are the 
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VypHclurug califomicus described above and the Cypseluruti 
gpecHliger of which we publish a photograph taken from an 
admirable model In the American Museum of Natural History 
In New York City. The latter was long known as the Exqcce- 
tu9 vohtam, the later name being applied to it because of the 
bright silvery spots upon its flying fins which flash back the 
lights like bits of looking glass (ImHn speculum = mirror). 
Thiss pecies Is found abundantly in thel sland of Barbadoes 
and at ceirtain seasons forms a staple food for the natives and 
Is a dainty highly appreciated by chance visitors. 

The bait used is putrescent flsh and the tackle is very sim- 
ple, consisting of a wooden hoop, 3 feet in diameter, to which 
is attached a shallow net with Inch meshes, together with a 
few good lines and hooks and a set of grains. GiU quotes 
the following account of a fishing expedition from an unnamed 
writer : **A8 soon as the boat is hove to and her way stopped, 
the usual exuberant spirits and hilarious laughter are stilled 
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and kept under strong restraint, for a single sound will often 
scare away all fish in the vicinity and no more will be seen 
that day. The fisherman leans far over the boat’s side, bolding 
the hoop diagonally in one hand. The other hand holding one 
of the malodorous fish before mentioned, is dipped Into the sea, 
and the bait squeezed into minute fragments. This answers 
a double purpose; it attracts the fish and the exuding oil 
forms a ‘sleep’ or glassy surface all around, through which 
one can see to a great depth. Presently sundry black specks 
appear far down ; they grow larger and more numerous, and 
the motionless black man hanging over the gunwale scarcely 
breathes. As soon as a sufficient number are gathered he 
sweeps the net gently downward and toward the bout withal, 
bringing it up to the surface by drawing it up against the 
sWe. Often it will contain as many fish as a man can lift, 
but so quietly and swiftly Is the operation performed that 
the school is not startled, and It very often happens that a 
boat Is filled (that Is, 7,0<X) or 8,000 fish) from one school. 
More frequently, however, the slightest noise, a passing 
shadow, will alarm the school ; there Is a flush of silvery light, 
and the water is clear, not a speck to be seen.*’ 

Flying fishes might be regarded as unlikely subjects fur 
fly angling, but Francis Smith (1876) experimented with grati- 
fication to himself In this way. Off the coast of Peru a large 
shoal of flying fish appeared and afforded excellent sport. A 
variety of baits was employed In their capture — ^blts of red 
bunting, small spoon baits, and artificial minnows and files — 
the most taking being a large red fly and a small gilt minnow, 
but all the baits meulioned caught some. In following the 
minnow through the water, the fish would open both pectoral 
fins and i>olse themseUes for a rush at It; spreading the 
wings also had tlie effect of checking their progress if their 
suspicions were aroused by u near Inspection of the bait 
When hooked they proNed a very game fish, taking out several 
yards of line in their first rush, and often taking a flight in 
the air, line and all 

The Daotylopterlds, otherwise known us Plying Gurnards 
or Flying Gurnets, differ radically and in innumerable charac- 
ters from the true Gurnards, and vastly more from the 
Exoowtotd flying fishes, but a few external ones will suffice to 
give an idea of the family. The elongated body is somewhat 
swollen upward under the first dorsal, and covered with hard- 
keeled scales; the head is oblong and parallclplped, and the 
suprascapular bones form an Integra] part of the skull, and 
extend far back as flat splnlforra processes on each side of the 
dorsal fin ; the preuperculum of each side Is armed at Its 
angle with a long horizontal spine reaching backward under 
the pectoral: the Jaws have granular teeth; the bronchial 
apertures are contracted ; the dorsal fins short, as Is also the 
anal; the pectorals divided into two parts, a small anterior 
and a very large posterior, which spread out sideways, the 
ventrals imperfect and not far apart. The pectorals are set 
upon osseous bases (actinosts) differentiated for the two parts 

As almost every external feature is oiiaracterlstlc, so are 
many internal parts In connection with the longitudinal 
arch or convexity of the back, so different from the straight- 
ness of that of the Gurnards, a very remarkable deviation of 
the air bladder from normal relations Is noteworthy; the 
dorsal curvature, indeed, Is a cobrdlnate of an otherwise un- 
exampled position of tlie bladder. 

The air, or swimming bladder. Is unique in character, as 
Calderwood states, in that it is not situated below, but 
(mostly) above, the vertebral column, not forming part of 
the abdominal contents, but situated dorsally in a special 
cavity ( recess) of Its own. When the abdominal cavity is 
oi)ened ventrally, and the viscera removed, only the ventral 
surface of the bladder Is seen, forming part of the dorsal 
boundary of the cavity. Seen from this point of view. It Is 
formed of a broad central portion, white and tendonous, and 
Of two lat^al portions strongly muscular. The physiological 
rignlAcance of this conies into view when we consider one of 
the habits or aptitudes of the fish. 


The structure and iK)sition of the air-bladder are adapted 
for keeping the Dactylopterld with back upward in the air 
in spite of the form of the body and its relations to the verte- 
bral axis. The bladder being prevented from expanding when 
the pressure from tlte surrounding water Is suddenly removed, 
the high dorsal position of the secondary portion becomes ot 
the greatest possUble advantage. It helps the fish to emerge 
from the water and maintain its equilibrium in the air. 

Such are the most characteristic features of the Dactylop- 
terlds common to all the members of the family. The species 
are few — about half a dozen — and closely related to each other, 
all being strictly congeneric 

The coloring of the fish us described by Gill appears at a 
distance and superfi(*lully as a mixture of dark tints, but Is 
found to contain, on closer examination, a great quantity of 
inanj -colored markings. The back Is colored a beautiful 
brown, with dark ajKJts and bands. The sides, as far as the 
middle of the belly, are pale rose, with silvery reflections, and 
the outspread wings show in the center rows of black and 
light eye-Uke spots, wiilcii recall the coloring of tropical but- 
terflies by their markings and guy tints, together with the 
magnificent blue wltli which they are hemmed in This beau- 
tiful sight may be especially enjoyed when looking at the fishes 
from above In the sunlight or in the broad daylight, while In- 
ducing them to unfold their wings by holding a stick close to 
them. Then golden green specks appear all over the body; 
at every motion the fins play in all colors in different places, 
like the wings of the butterfly known as the purple emperor, 
and also the gay mingling of beautifully distributed tints on 
the head contributes to the splendor of the brilliant creature. 
Besides tills the Dactylopterus possesses the protective fac- 
ulty of changing Its colors to light or dark. This Is partic- 
ularly fortunate for the young ones, where the bottom is sim- 
ilarly colored, einco because of their small size, they are more 
exposed io the attacks of the enemies It has also been 
observed that the young flying gurnards far more commonly 
stay on the bottom of the basin than the larger fishes, and 
here harmonize splendidly with the sand, especially where 
It Is mixed with multi-colored gravel Furthermore, the col- 
oring of such specimens is also less pronounced and the mark- 
ings are darker, more monotonous, and frequently indistinct 
At dusk the fishes are scarcely visible The authorities of 
the Naples station have to proteit the basin for these fishes 
with bars and nets to prevent tlielr escaping, because otherwise 
the would fly through the window Into the open air 
or to either side into the adjoining tanks. And, as a matter of 
fact, the station loses a rather large number of the fishes 
l>ecanse they Jump out and fall against the walls, or on the 
lirulge over the nquarlnm, and perish there 

IHK I'ANIODON OH '‘WATHR BUTTERFLY” 

The beautiful and graceful little fish called the Pantodon 
which has been said to resemble u water butterfly because of 
its delicate coloring and the graceful w'ay it flutters above the 
surface of the water is found in African streams, and was 
long supposed to be the only example of a fresh-water flying 
fish. Since then, however, others have been discovered In 
South America and in India, the latter being the Nuria, also 
shown here. • 

The Pantodon has four gills and pseudo-gills. Both head 
and body are covered w'ith the same sort of scales. The breast 
fin, which contains only a few rays, is very large and is re- 
markable for the fleshy prolongations which are annexed to 
the inner ray. This fin is almost half as long as the fish's 
body. The ventral fin consists of 7 rays, some of which are 
simple and prolonged In the form of filaments. This fin is 
Inserted farther forward than In any other type belonging to 
the same sub-order, being Immediately behind the breast fin. 
The dorsal fin is placed very far to the rear, while the tail 
fin is very large and pointed, having medium rays twice as long 
as the head of the fish. This fish has very small teeth which 
are extremely numerous, whence the name which is derived 
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from two (treek wordfe meunln^c *‘uU teeth,” They are conical 
and are Iwrae not only upon the Jaws but by the vomer, the 
palatliiM, the ptrygoids, etc., and even by the tongue. 

As we have said, the brilliant coloring of this attractive 
little fish makes it resemble some fluttering iridescent butte]> 
fly It Is of an olive (*o\or beneath, while the abdomen U a 
silvery lemon color with carmine reflections The back some- 
times is crossed with very dark transverse bands. The flns 
are of a bright rose f'olor ornamented with round si>ots of 
brown shading to violet, these siKJts form transverse bands 
from the breast fln 

The Pantodon is toutid in the rivers of tropical Africa, the 
Victoria (at Kamcrooul, the Niger, the basin of the Congo, 
etc Gill is disposed to consider tlie flight of this little fish 
as being rather a brief leap from the water. However, a 
ni(n’e recent and apparently better Informed authority, Mr 
A. M^ni'»gHux, says that In the endeavor to esca|>e its enemy 
It flies Just above the surface of the water for a distance of 
4 or 5 meters, which sometimes extends to us mu<'}i as 15 or 20, 
heating the water with Its pectoral fins so as to form a small 
lectlllnear furrow like fhe v\ake of a ship. It flies about 5 


feet al>o\e the surfa<e of the water except when forced up by a 
strong wind. 

It is said to be able to live fo^ a considerable length of 
time outside the water or in mud and to feed upon both 
plants and animals. 

The Nuria danrlca, or “Flying Barb,” has a silvery body 
with a longitudinal stripe of black and above red. The fins 
arc yellowish. The mouth has four barbels, two long and two 
shorter ones. The male turns red-brown at the tall during 
the breeding time. The female Is not so slender as the male 
and its color is less bright. The pectoral flns are large In the 
case of either sex. 

In the aquarium these fish should be kept In water at 20 
deg cent. When they breed the water should be about 25 
deg. cent. The eggs are deposited on water plants and hatch 
after three or four days. The Nunn like to spawn when the 
sun strikes the aquarium They eat the eggs and should be 
separated from them after npauning. When in danger the 
fish Jumps flying out of the wafer, using the long pectoral flns. 

The photographs on page 504 are taken from living speci- 
mens kept In a small aquarium on Long Island. 


Carbon Monoxide a Respiration Produet* 

Experiments with the Floater of the Giant Pacific Coast Kelp 

By Seth C. T^ngdon and Walter R. Gailey 


I N a paper proMiiited by one of us‘ it was shown that there 
Is present an average of 4 per cent (by volume) of free 
carbon monoxide in the pneumatoo'st (i. e., the floater) 
of the giant Pacific Coast kelp Ncreocynti^ leutkeana 
This unique (KTurreuce of free carbon monoxide within a 
Ihing plant at once raised the question as to Its origin. The 
Intimate chemical relation of carbon monoxide to formalde- 
hyde and formic acid had long ago suggested its possible re- 
lation to photosyuthetle processes. On the basis of the physiol- 
ogy and structure of the plant (here were giouncls for the 
conslderntlon that the curlnjii monoxide might he a product ot 
respiration. 

The possibility of its formation due to the action of enzymes 
<»r to proccsseH of deca> wuis the first point Investigated. 
Kliicl> ground kelp was allowed to undergo autolysls In con- 
tact with pw*a water and the gases evolved were examined. No 
carbon monoxide was fonned, but the gas consisted almost 
entirely of carbon dioxide and hydrogen. 

The next step was to determine how rapidly carbon monox- 
ide was formed within the living plant. The method of work 
and the subsequent dlscu.Sfelon will l)e made more clour If 
preceded by a brief description of the plant. 

Fig. 1 shows the plant us it rests almost submerged In the 
sea water, but anchored to (he rock bottom and supporting the 
streaming fronds from the top of the hollow gas-filled stipe. 

plants vary greatly In size, individuals ore often SO to 
100 feet in length and contain several liters of gas, usually at 
reduced pressures.* The Inside of the gas cavity Is relatively 
quite dry and is lined with a delicate web-like structure, 
knowm as sieve tubes. The plant will withstand a great deal 
of mutilation and still continue to live and grow If kept in 
sea wateT* 

It was found practicable to cut off the lower part of the 
stipe and in the upper part substitute a gas of known compo- 
sition for that normally present In the pneumaioo’st The 
cat end was closed by a cork and the weighted plant sub- 
merged in the sea tied to a support as ^hown in Fig. 2. 
After a suitable interval changes in tlie com|> 08 itlon of the 
gas were determined by analysis. 

•Ileprinted from Jour Amer Vhem Boc . March. 1020, pp 641 to 046 
q^ngdetn. Jour Them Hoo , 30, 140 (1017> 

“h'rye, J»iiprr Sownd Marine Hta Pub, 1, 85 (1016). 

•FbIUm. Puget f^ounJ Morinv Sta. Pvh,, 1. \ (1918). 


In the first exi)erlments, made primarily to determine the 
rate of formation of carbon monoxide, air was substituted for 
tlie kelp gah. This was accompllslied by filling the cut stipe 
with sea winter and (hen emptying. Tills process, repeated 3 
or 4 limes, removed the small bubbles of the original kelp gas 
that tended to adhere to the delicate sieve tube lining of the 
Ulterior. The cut end of the now uir-fllle<l stliie wus cxirkwl 
and the prepared plant anchored near the surface of the »t*a 
ns previously described. 

Analyses of the gases from a series of these cut and alr- 



KIG 1 GIANT KELP REST- FIG 2. FLOATKU PILLED 
IXO ALMOST STTBuMmOKD Wmi A SUBSTITUTE 

IN SEA WATER GAB 

filled plants were made after various Interv^nls of time. The 
typical data given in Table 1 show clearly the gradual for- 
mation of carbon monoxide. This Is accompanied by a de- 
crease in oxygen content and the appearance of carbon dioxide. 
The latter is undoubtedly due to processes of decay, since car- 
bon dioxide is not present within the normal plant In gen- 
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eralt the cut and corked section of 8tii>e remained souud 
enough to be tight for a week or ten days, although evidence 
of local decomposition was apparent. 

The production of carbon monoxide when the stipe was 
filled with air was confirmed by a large number of determina- 
tions with dilferent spe<*imeuR. In most cases it appeared in 
quantities greater than 1 per cent Carbon monoxide was 
formed by sections cut from any part of the hollow stipe If 
these were filled with air, corked and similarly suspended in 
the sea. The leaves, more properly called fronds, seemed to 
bear no relation to the formation of the carbon monoxide for 
it was produced Just as readily in sped men ts from which the 
fronds had been removed. 

Table 1. 


Analyses of Gases in Air-PiUed Stipes. 


Time, iUrt. 

COi. 

CO. 

Oi. 

Hr» 

%. 

% 

% 


0.0 

0.0 

20.8 

34 

0.3 

0 0 

16 5 

48 

0 0 

0 4 

13 0 

73 

0.6 

1 .0 

7.0 

97 

1 0 

3.3 

6.2 

110 

T .1 

4.5 

5 0 


In all ot the cxperimonts detane<] above, the te^'t specimens, 
while anchored in the bay, ueie exposed to the light during 
the long summer da.\ Tlie next step was to deternime if the 
carbon monoxide would be formed in the dark 

For this purpose Ik»m*s were cmistrucUHl whlrli were light- 
tight but \diich would allow a rcad> flow of water thiough 
them. These boxes wen* one foot sipiare and 18 feet long 
The ends were closed by light traps, the baflle boards of which 
were lm.*lined In the direction of flow of the w^atei as shown 
In Fig 8 The lids were light-tight All holes and cracks 
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were dosed with pitch and the whole inlerlor was painted a 
dead black. The boxes were weighted so as Just to float, the 
waves washed entirely over them ex<*ept when the water w^as 
perftvdly <iuiet. They were anchored in the bay (Friday Har- 
bor, Wash ), where the tidal currents are heavy so that at 
almost all hours of the day there w’us a flow of A\ater tlirough 
them. They were large enough to hold se\eral si)e<*infiena 
without materlallv imjiedlng the flow of whaler 

In the first experiment the fop foot and u half of stljie from 
the kelp w^as filled with air by displacement, as previously 
described, then corked and placed In sea water In the dark 
boxes, the fronds being removed from half of them After 
6 days In the dark the gas was anal>stMl. All speclineim 
showed carbon monoxide. The range w'aa from 0.4 to 1.7 per 
cent wltli an average of 0.7 per cent of carbon monoxide. 
The 20 9 per c*ent of oxygen In the air with which they had# 
been originally filled had practically disappeared and there 
was about 4 per cent of carbon dioxide. The oxygen wms, no 
doubt, used by respiration and decay processes. 

This data was checked by repeated similar series of experi- 
ments and it was made certain that in the dark as well as in 
the light carbon monoxide was formed regularly in the air- 
filled sections of the stipe, and that there was no relation 
between Its appearance and the presence or absence of the 
fronds. 

An analogous appearance of carbpn dioxide and lowering 
of the oxygen content was shown when unmutilated plants 
were kept for some time in the dark: The experiment and 


results are us follows: Twehe whole plants were carefully 
collected from the same bed. Precautions w’ere taken to avoid 
in any waj disrupting tlie gas cavity. The gas from 0 of 
them w^as analjsied at oiu'e and showed an average of 15 tier 
cent of ox j gen, 8 2 iK*r cent of cnrlKin monoxide and no caHion 
dioxide, the miubsotbed residue being nitrogen The 6 other 
plants WM'ie placed Intact in tlic dark boxes and after b(*lug 
anohoreil out in the tidal currents for 0 da>k showed the 
following u\ernge ga^ <^miix>sltion ' Oxygen 4 7 per cent, car- 
i»on monoxide 2 9 per cent, and carbon dioxide 0 5 per cent. 
There was thus a marked decrease In the oxygen content, an 
apiieuriince of carbon dlovlde, which is not present in the 
plants when freshly collected, while the carlion monoxide wn- 
tent was practically unaltercHl These changes In the oxygon 
and carbon dioxide content produced by stopping pholosyu- 
thetic action ft»r a prolonged period thiows Interesting side- 
lights on the gas exchange equilibria within the living plant. 
The formation of the carbon dioxide on protracted standing In 
the dark shows that gaseous resiilratlon products certainly do 
find their way into the Interior cavity of the plant Whether 
or not tliese gases hear only an Incidental relation to the 
metabolic processes of the kelp has not been determined but 
should pio\e a fruitful flidil for resea ri-li 

The substitution of gasi»s other than air for those noriiially 
present was next undertaken. 

As a result ot more than 40 <aiefiiU,v e\e< uted experiinents, 
in which nitiogen w^is substituted f<»r the kelp gas, it can be 
lonfidently .stated that no (arbon mouojcidc utm fontted, either 
In the light or in the dark, eitlier wlien the fronds were pres- 
ent or when they had been removeil, or at any tnternieduite 
tunc between the initial filling with mtiogea and the 8 to 10 
days tliat elapsed before decay Imd become so pronounced that 
obser\ation could no longer be made It should lie remurkcKl 
that carlK)n dioxide was foimod to the extent of several i>er 
cent, e^en thoiigii there was no owgen piesent, 

XitKigen pnqjured by three diffeieiil iii(*thods was used Flist, 
l>y heating anunonium chloride and tiotusslum nitrite, then 
wmshing through alkali and tlien cone sufuric and Second, 
from aid by ab*9orbujg the oxygen In alkaline pyrogalol. 
Third, tiie toniineivial produ-ct obtained from the dlstlUalion 
of liquid all This last i^ontalned a little more than a half of 
one per cent of oxygen Tiie chanicter of results was the 
same for the nilrogeu, iiTes|)eethe <»t tlie source 

Similar exiH*rlnients weie cairied out in which hydri>gen 
was substituted for kelp gas q'he 15 determinations nmde 
showed no formation of carbon monoxide within 5 to 7 days, 
either In the light oi In the daik. Heie as in the <‘ase of the 
nitrogen Idled kelp se^eial per cent (1 per cent to 9 per cent) 
of ciirbon dioxide was foriiKHl It should he remarked that 
Uieie w'as always a marked ledmitlon in pressure for hydrogen 
filled kelp. This amounts to an absorption or an outward 
diffusion of the hydrogen The whole ndatbni of hydrogen in 
this connection deserves a more e\haus(i\e study 

The hydrogen used was fiom two smirms* first, the ac'tlon 
of dll sulfuric a<4d on the so-<*ulled arscnlc-free zinc, and, 
second, electrolytic hydrogen 

A numb<*r of sections of kelp stipe were filled with a mix- 
ture of nitrogen and oxygen The gas was 15 2 per cent oxygen 
and the remainder nitr(»gen After 0 days* anchoring out In 
the sea water iurbon monoxide had fornnnl In all cases, the 
quantities ranging from 08 |>er cent to 21 per cent. The 
oxygen content liad decreased and some carbon dioxide wan 
formed Just ns In the case of the kelp that had been filled with 
air. Similar results wel'e obtained when a mixture of hydro- 
gen and oxygen was substl tilled for the gas originally present 
in the kelp. 

The kelp withstands exposure >ery well and can remalt> 
hours or even days out of water and will resume normal ac- 
tivity' when returned to the sea, that Is, If not too severely 
sun burned or desiccated Tightly corked alr-fllled sections of 
stipe were found to produce carbon monoxide, either In the 
light or in the dark, when simply exposed to the air. These 
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plants were still alive, although local decay soon set In, When 
the substituted gas was nitrogen or hydrogen no carbon mo- 
noxide was formed. It api^cured only when free oxygen was 
wilAiiD the gas cavity. 

That tlie formation of carbon monoxide takes place only 
within the living plant was shown by Its complete failure to be 
formed In the air-filled stipes of kelp that had been killed. 
Some of the plants were killed by Immersion for 10 minutes in 
sea water at 60* ; others by being placed in 0.02 N copper 
sulfate solution for 18 hours. These filled with air or other 
gas mixtures <t»nlalning oxygen fulled to produce carbon 
inonoxl<le whether In the sea water or exposed dry to the air. 

tO.MLUSlOWS. 

The several imr cent of free mrl)on monoxide which occurs in 
the floater of the giant Pacific Coast kelp, Nereorystis leutkeam^ 
la considered to be a respiration product for the following 
reasons It forms only when oxygen is present within the 
fiouter, it forms as readily In the dark us in the light; is 
not foiinod by enzyme or fermentation process wdien the sub- 
htuiice of the plant undergoes uiitolysis and decay, and is not 
formed in killed plants 

The kelp, Ncreovystts Icutkeana, seemed to be remarkably 
well adapted to research on the gas exchange of living cells. 
By tlie use of tlie very refined methoils of gas analysis some 
very interesting and valuable information might be gained as 
to the mechanism of plant processes. It is possible that traces 
of hydrogen, carbon monoxide, or other gases, not revealed by 
the technical analytical methods used In this work may be 
playing unsuspected and i)crhaps imi>ortHnt rdles In plant 
processes. 

Conditions have now arisen wliich make it highly Improba- 
ble that either of the present authors will pursue this investi- 
gation farther, and it Is with some regret that we leave this 
field to other workers 

This researdh was carried out during tiie summer of 1917 at 
the Puget Sound Marine Station, at which time the authors 
were associated with the University of Washington 

STJMMABY. 

1. The exlstemx* of several vwr cent of carbon monoxide 
in the gus contained In the Pacific Coast kelp, Nereovyst%s 
luetkeana^ is confirmed. 

2. TIhe substance of the kelp, when ground and allowed to 
undergo autolysls and decay does not form carbon monoxide 
by enzyme action or fermentation process 

3. Kelp plants in which the gas normally present witliin 
the floater is replaced by air, form several |)er cent of carbon 
monoxide within a few days. 

4. The formation of carbon monoxide takes place only when 
oxygen is present as one of the gases within the floater. No 
carbon monoxide is formed when the floater is filled with 
hydrogen or nitrogen. 

5. Light does not uffei^t the rule of formation of carbon 
monoxide. 

6. It Is concluded that the carbon monoxide is formed as a 
product of respiration rather than as an intermediate step In 
photosynthesis 


aUOAll FROM PUMPKINS 

Tjik severely felt shortage of sugar, which Is even more 
oppressive In Europe than in this country, has led to the 
rwlval of an ancient process of making sugar from the ordi- 
nary pumpkin. Several members of the family of cucurbi- 
tacea contain considerable amounts of crystalltsable sugar, 
i.e. of saccharose instead of the glucose which is more gen- 
erally found In fruits and vegetables. 

The Brazilian courge Is the member of the family richest in 
sugar since It yields a Juice titrating 0 degrees in the BauTii4 
areometer, but another species, namely, the common pumpkin 
of Europe and America likewise, contains a considerable 
iunount of crystulllzable sugar. 

The pampkln Is easy to grow even uivon ground which does 


not suit other vegetables. It la a sturdy plant Of rapid growth 
and ffults plentifully even when but slightly fertilized. Its 
yield por acre is superior to that of the sugar beet; even 
with an ordinary screw-press 6 per cent of sugar can be ob- 
tained from it, while modern processes of extraction give a 
much higher yield. 

Less care Is required in the extraction of the sugar than in 
the case of the beet, since the pulp and the Juice of the 
pumpkin are slower to ferment. Furthermore, the Juice 
(produces no scum when boiled and does not readily scorch. 
The raw sugar obtained ft'om the pumpkin Is only idlghtly 
tinted and has an agreeable flavor even before refining, in 
which it is 8ui>erior to the sugar beet. After being refined 
the sugar Is perfectly white, pure in taste, and fine of grain, 
resembling cane sugar of the best quality. The syrup of the 
sugar beet cannot be used for Immediate consumption be- 
cause of its disagreeable flavor which is bitter sweet and 
somewhat ‘‘weedy”; but the syrup of the pumpkin, on the 
contrary, Is very agreeable, having a flavor which recalls that 
of the melon, so that it can be employed without purification. 

Another advantage of the pumpkin Is the value of the by- 
products, namely, the pulp and the seed, both of which are of 
use. The pulp can be kept In good condition without undergo- 
ing alteration for a considerable length of time and forms an 
excellent fodder for cattle, being both wholesome and nutri- 
tious, and without the strong odor of beet pulp, a feature 
which is very important in the feeding of milch cows. 

When properly treated the seeds yield considerable quanti- 
ties ot edible oil, 100 kg. of seed producing 18 kg of oil. Some 
authorities even estimate that this oil is capable of paying 
50 per cent of the cost of cultivation. 


A NEW METHOD OT TESTING THE PURITY OF FATTY 

ACIDS. 

It is a curious fact that when a definite fatty acid (chem- 
ically speaking) has added to it a certain amount of an- 
other fatty acid, the solubility of the first acid In the same 
solution is greatly increased. This phenomenon is peculiar 
In that the action is reciprocal and the increase of solubility 
Is practically independent of the temperature. This phenon- 
enon has been known for a comparatively long time, but It 
has been recently rcstudied by two German chemists, P. Waen- 
tlg and G Pescheck, In the endeavor to determine the cost of 
this augumeutatlon of the solubility. The results of their 
experiments are given by them In the Zeitschrift /. phys 
Chenue, for September 20, 1919 We quote the following ab- 
stract of this article from Le Oeme Civil, Paris, for January 
21, 1920. 

The Increase of solubility is always very great — thus the 
solubility of palmitic acid in carbon tetra-chloride can be In- 
creased 250 per cent by the addition of laurlc acid. 

The increase of solubility diminishes when the proportion 
of the secoufi acid Is increased — a definite limit Is always 
reached. These peculiarities are always explained by the 
formation between the two fatty acids of molecular com- 
pounds which are more soluble than either of the fatty acids 
themselves. In the solid state there exists furthermore a 
similar compound formed of a molecule of each of the two 
fatty acids in the case cited above. This phenomenon la ex- 
hibited only when the fatty adds are not hydrolized by the 
sulphates, I.e., by the carbon tetra-chloride, chloroform, ben- 
zene, toluene or nitro-benzene. The phenonenou does not take 
place in ethyl alcohol, ether, ethyl acetate or benzoic alde- 
hyde. 

A very Interesting practical application Is made of this cir- 
cumstance In the testing of the purity of a fatty add. The 
determination of the solubility of a fatty add is a much less 
complicated test. In fact, of the degree of purity of the latter 
than Is the determination of its fusion compound. The slight- 
est Impurity and even the presence of a trace of water is sufli- 
cient to occasion a considerable variation In the solubility of 
the acid. 



Industrial Employment of Extremely High Pressures 

Production of Synthetic Ammonia 


A t the session of the French Academy of Sciences on Oc- 
tober 18, 1919, a report was made by M. OeorRes Claude 
concerning the practical use of extremely high pres- 
sures. He proved that there Is but little more difficulty In 
exerting a pressure upon gases of 1,000 kg, per sq. cm. than one 
‘of too kg. We quote the following paragraphs from the 
Oampt€$ Rendus of the BYench Academy. 

It is a weU-known fact that modern science and industry 
make extensive use of high pressures Applications of this 
force are useful In the refrigerating Industry, In the liquefac- 
tion of gases or their compression, In furnishing motor power. 
In the artillery, in submarine operations, and In many chem- 
ical reactions, or to solve various mechanical and physical 
problems. It is, therefore, of the greatest possible interest to 
know whether so valuable a resource is already exploited to 
its full possible extent, or whether, on the contrary, we may 
look for improvements in this line. 

The artillery makes use of pressures of from 2,000 to 3,000 
atmospheres and certain physical investigations, like the mag- 
nificent researches of Tanunann and of Bridgman have ex- 
tended such pressure to what is at present the extreme limit of 

11,000 atm. But in these cases the employment of high pres- 
sure Is essentially discontinuous and for infinitely short pe- 
riods of time, or else the pressure exerted is In some sort 
static and operates upon an extremely reduced scale 
As a matter of fact most Industries make use of hardly more 
than 20 to 30 atm. ; and when the industry of <*ompressed 
gases or (with Linde) that of the liquefaction of air was 
obliged to contemplate the production and daily utilization of 
large masses of gas under a pressure of from 150 to 200 atm., 
this was thought such an enormous increase that it was 
estimated that such pressures would be almost impossible to 
exceed. This opinion is still very generally held and It Is not 
without Interest to point out that when the “Badlsche Anllln” 
Company was obliged to explain to our commanding officers 
the stupendous installation of the Haber process made by them 
in their factory at Oppau, they did not fall to lay great stress 
upon tlie difficulties which tliey had been obliged to overcome, 
such for example, us these involved in the daily compression of 
large masses of hydrogen at 290 atm 1 wish to establish the 
fact here that this Idea is quite unjustified, not only Is there 
no real difficulty In compressing gases at much higher pres- 
sures but the most ordinary common sense is sufficient to 
show that it is both easier us well as more advantageous to 
make use of a pressure of 1,000 atm , for example, than of one 
of 100 atm. ... It is a well-known fact that leather collars, 
those uwful accessories In the production of pressure, func- 
tion all the better the higher the pressure is I ha\e been 
able to demonstrate that this efficacy of the leather collars of 
compressors is not compromised by pressures very much higher 
than those which It has heretofore been the custom to make 
use of, and their utilization which has been made feasible by 
a few simple precautions has enabled me to obtain by the 
aid of simple pistons compressors whose powder, increasing pro- 
gressively, has exerted a pressure of 1,000 atm. upon more 
than 100 cubic meters of gas per hour 
It may be observed that a compression installation with a 
capacity of 1,000 atm. differs from a corresponding Installation 
with a 200 atm. capacity, merely by the addition of one or 
two very small cjHnders, and that the law of isothermic com- 
pressions stating that the work done increases evidently 
merely according to the logarithms of the pressures, requires 
only three cylinders to compress at 1,000 atm. a substance 
which already required two cylinders to compress it at 100 atra. 

Iq order to apply such pressures It may be remarked that 
the difficult thing Is evidently not the construction In the ap- 
paratus which produce or employ them, of walls sufficiently 


thick to safely resist such pressures The only really difficult 
tiling is to make the Joints tight enough But it must be re- 
membered that no matter whether the pressure is 100 atm. or 

1,000 the joints must be xierfectly tight, since the smallest 
leak eutails losses which cannot be nllow^ed. 

Furthermore It Is easier to make a tight joint for 1,000 atm. 
than for 100, for W'lth an equal yield of gas at a given power of 
Installation the Joint is inuoii smaller because of the enormous 
reduction In the volume of the apparatus. 

This opinion is entirely Justifletl by the facts and I was 
able to prove to MM. D'Arsonval and Le Chateller as early 
as 1917 that experimental compressing apparatus comprising 
numbers of joints, stop cocks, etc., can be manipulated wltli 
the greatest ease. This apparatus w^hen charged with a 

1,000 atm. and immersed in water did not allow the slightest 
bubble of gas to escape. 

There is no doubt, therefore, that since such important ad- 
vantages, thermo-dynamic and other, can be made available 
by very high pressures, when any given special problem re- 
quires such prc«»sures, there should be no hesitation In having 
recourse to them. 

US1>U HIGH PBESSVRES IN M \KlNa SYNTHhTlC AMMONIA. 

But M Claude was nut content with demonstrating the 
general ad\antages of high pressures In subsequent experi- 
ments he undertook to prove the lalue of such pressures in the 
synthetic manufacture of ammonia. His report upon the sub- 
ject W'as presented by the well-known scientist M. d’ArsonvaL 
at the session of the French Academy of Sciences held January 
12, 1920 Because of tlie practical as well as theoretic Interest 
of the subject we here present his remarks In full: 

The German method of the direct synthesis of ammonia has 
proved that a pressure of 200 atm is sufficient to Insure In 
praetl<*e the complete combination of the gases taking part in 
the reaction. It may seem unreasonable, therefore, to employ 
a pressure of 3,000 atm instead of 200 atm, since this in- 
creases the labor of compression, taking Into account the 
steadily augmenting diminution of compressibility, in the ap- 
proximate ratio of 3 5 to 2 3. 

It is my purpose hero to set forth the reasons which largely 
justify, how’ever, the theoretical additional expense, but with 
the reservation that the practical applicailons required <o 
support the theory still lie in tlie future 

To begin with in order to secure with a pressure of only 
200 utra. the coiniblnatlon of 80 to 90 per cent of the reacting 
gases, the latter must be repeatedly passed o\cr the catalyzer, 
and after each passage the ammonia formed must be separated 
out, since only 10 or 12 per cent of the remainder enters into 
combination at each passage 

With a pressure of 1,000 atm on the contrary three passages 
of the gases over the catalyzer may suffice, and for a given 
yield the required volume of the catalyzing apparatus is re- 
duced much more than in the in\erse ratio of the two pres- 
sures, to no more than a tenth at most, In fact, and this cir- 
cumstance of course, entails very important savings with re- 
*spect to original cost, to labor, and to the extxmso of installa- 
tion. Furthermore, by reason of the enormous increase In the 
factor of combination a much greater amount of heat is liber- 
ated per each kilogram of the reacting mixture, and this, too, 
In a much smaller volume. Because of this auto^eaction 1» 
secured an apparatus of very low power, and so much heat Is 
disengaged, indeed, that it may be relied upon to furnish a 
good part of the motor power, in the form of superheated 
steam, and It should be noted particularly, since auto-reaction 
has hitherto been attainable only with huge apparatus com- 
bined with exchanges of very effective temperatures, that by 
employing super-pressures it is possible to make use of much 
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smaller units — und this will muler It |K>ssible to utilise upon 
the spot the hydrofcen whUii is a hy-product of various exist- 
ing Industries* 

In the second place the use of super-pi’essures renders it 
\ery easy to reiuove the ainnionla after each partial catalysis. 

1 have stated that at 1,000 utm. it Is easy to obtain in pra<> 
lice contents of amiivonlu equal to 25 i)er cent, or, when hot, a 
pressure equal to 25 iitni. of atnmonia Sim*e tite maximum 
tension of this substance at ir>®C, Is only 7 atm. It Is evident 
that the mere vouWng hy \mter of the mixture of reagents at 
Its exit from the catal.\zing tube will suffice to liquefy nearly 
tile total amount of the ainmouia — In spite of the fact that 
the latter Is less easily condensed when contained in the mix- 
ture than wlien l)y Itself* and of the circumstance that the 
gaseous residue (which is reduced, furthermore, to ftO per 
cent of the initial gas) carries with It about 2 6 per cent of 
the uminoniu, one can tlius <‘ondense after each passage more 
than IK) per cent of the ammonia formed 
Under the conditions estahllahed In (lennany on the con- 
trarj, le, a pressure of 200 atm. and 6 per cent ammonia, 
I he pressure iir<q»er to the ammonia Is only 12 atm. and there 
can he no question of condensation by means of cold water 
alone, wlihdi would fall to liquefy more than half of the 
aiuniotilu formed It Is nece>sary to do one of two things — 
cl tiler to redu<*e the entire quantity of tlie gaseous mixture, 
con tain nig a Aery small amount of ammonia, to a tempera- 
ture at wlii<‘h the tension of the latter is very low, not more 
than 40® C at most, wlil<»h <*aii he done only by the aid of 
e\peiisl\e refrlgerul lug niqmrutus, or else to rerao\e the am- 
monia hy dM/ro/rm// it mi imter injecleil at a pressure of 200 
a till. The lirst pro<H*sH lni« lK‘cn abandoned, having been found 
too itmily e\en wUli exchnngcus having a very effect l\<* tein- 
lieruture, while as for tlie scsNind priwess, aside from the 
xery t*onslderable lalior invol\ed in the introduction of the 
■water, the prwess is mmj compli(*ated because of the motors, 
pumps, column dissohers, elc, it reiiuiies 

^riie method rif employ tug suiH»r-iiressures is free from these 
• 4 il)|eclloiis and, furthcnnoi c, It has another advantage In the 
■i'lnMimstance that I he ammonia N lecovereil in a liquefied 
form and not in an miiieons solution 
I luive already exidalued elsewliere (vide the Comptea 
Jtemlua of the French Aiaideniy of Sciences, Vol 168, 1919, ji. 
JIOl) how’ the rational transformation of ammonia into fer- 
tilizer ought to bo effected not by means of the costly sul- 
phuric uckl hut by the aid 4 >f tlie chlorine which is at present 
lost UH a by-product In the Sol \ ay soda Industry Ity this 
iueans, tiH», enormous quantities of huidlum carbonate arc ob- 
tained as a SOI t of liy -product A closer study of this question 
lias led U) an adaptation of the Schrelh process in which the 
eviiensbc evaiM>ration of huge masses of solutions is replaced 
by iiltermite pn^cipttatwna of CO,NaH and NH4CI, the latter 
being rcnderiMl possible . by tlie insolubility of the NH 4 CI 
in the neutral solutions of ammonium carbonate, at an approx- 
iiiiute teiius*rnture of 5®U Tills proc'eas, which avoids, fur- 
thermore, the loss of large quantities of non-decomiK>sed sea 
salt which Is ilirown down at the same lime an the Oa(M, in 
the present Sidvay pres’ess, rtspiiros, therefore, a large 
amount of void Tills <x>ld Is produced directly hy the mere 
evntioratiiin of the liquid uimnonlu and In amounts which are 
almost sufficient in tlieuiM'hes !»y reason of the 360 frigorles 
l>er kilogram, whereas synthesis with a pressqre of only 200 
atm must (ddain all ,this cold, other things being equal, by 
a very csmslderablo "extra exiiondlture of energy The liquid 
form In which the ammonia Is obtained by moans of the super- 
pressure proc^ess saves, therefore, a large portion of the excess 
energy exiieniled in this prmvss 

It should he reuijarked, uuirtniver, that the principle of the 
alternate precipitations of NH 4 CI and of CO.NaH in the same 
liquid requires that tlie atamonto should be d«dlvered in the 
gaeeoua /orwi, as well ns the carbon dioxide. Hence the am- 
monlucul solution olitalned in the German process, which 
jimiftt be distilled hi order to vaiKudze and rectify tl )0 am- 


iiKJiiia, nei'essitateo expenditure of heut« a compllcatlou from 
which the super-presaure process 1$ free. 

Finally, 1 vidll point out another Important difference, lu 
the German process as 1 have said, above, the low factor of 
combination makes it necessary to repeat the passage of thf 
gases over the catalyzer a great many times; in order to do 
this It is necessary to raise the pressure of the gases which 
have traversed the system by an amount equal to the loss of 
pressure which they have undergone, in other words, by 
from 10 to 20 atm. Sinee these pa^tsages of tiie mixture of 
gases over the catalyzer are very numerous the corresponding 
expenditure of energy amounts to more than one-tenth of 
the initial energy of compression, and the pumps required for 
the recompresslou constitute a fresh c^omplicatiun. These two 
Inconveniences are avoided m the super-pressure process be- 
cause of the greater magnitude of the factor of combination, 
the facility with which the anunouia Is abstracted, and the 
■pofislblllty of attaining an auto-reaction with a very slight 
gaseous ex[»en(liture. It is only necessary in this process to 
cause the gas to traverse a very small number of catalyzing 
apparatus aucwsaively^ abstrutqlng the ammonia after the 
passage through each, which is obviously quite possible with- 
out any raising of the pressure, furthermore, this process per- 
mits the coritinuous elimination of Inert gases such as argon 

If we attempt to calculate all the wajs of economizing 
energy made possible by this new process, we find that It Is 
not oifly superior in uU probability as respects the cost of In- 
stallation as well as in its simplicity and the possibility of 
employing small units, but also, perhaps, as regards the stiecial 
consuuiplion oT energy 


UOl.K OF ZINC IN THE HUMAN BODY. 

Umknt rese.irilies made hy Brof Delezeniie ut tlie Pasteui 
Institute In Paris sel foith the lini>ortant pint which is 
piu>ed b> /Inc lu the functions of the human oigaiusin The 
question was brought up in the first place by a senes of 
leseiirdies upon rhe vmiom .serismts. this work being still 
going on willi frullfiil results, but 111 the meanthne he was 
led to observe that zinc tsdiplos a pla<e of flie first iiinK>r- 
taace in tlie animal tH*<ni<»m\, and t'speclally as concerns the 
cells whlcli constitute the sdiiie In the first place he found 
that contrar.^ to wdial was believed hlllierto, the metal zinc 
ih an essential and iHomanent constituent of the substance 
of tissues und 01 guns, ami In fact this metal exists lu all 
organs, although in a iuHum- sinull i)er(‘eutago, or about OOOOl 
by weight, which is vaiiiible accor<ilng to the character of the 
organs 'fhe highest pro|M)rtion Is found In the nervous Chen- 
iers, tor instamv the bruin or tlie tymus As to what was the 
siiecful rOle or the pix>per tunction of the metal In the working 
of the organs of the body, ho was led to seek tlie solution 
by referring to bis researches on the venomous substances of 
seriHjntH. ft»r these bad shown him that zinc always existed 
in a coiisklerable projiortion, up to 0 6 per cent, In the ven- 
omous substances, und what is remarkable Is that these poison- 
ous substances are usually more active m they contain a 
greater amount of the metal In their comiKisltlon. It is also 
found that Uic pnqierties which are i>ecultur to zinc are 
connected witli the special form of the chemical combination 
which contains the zinc in the venomous substances. This is 
analogous to what 1« observed for Instance in the case of 
tMitnssiimi, which Is toxic In cyanide of potassium and non- 
tosic In the chloride and other salts of this metal. In any 
case, it umH>ars to be demonstrated that the property pos- 
sessed hy the animal poisons of decomposing the cells or of 
partially decomposing the nucleic acids which are the fundu- 
inontul constituents of the celle, Is connected with the presence 
of zinc. Then when it is remen^ered that the metabolism 
of the cells, or the totality of the chemical operations of nu- 
trition, is also connected with the transformation of the nudeic 
acids. It is to be concluded that zinc Is very probably one of 
the most essential agentl^ in the growth of the human body* 





THE “BEAMIXO’* PBOCESS, WHICH OONfliSTa OF Sl'RAPlNG 
HAIIl OFF THE SKIXS 


RBMOVINO HAIR BY MAOiriNi: Ain'KB THE SKINS HAVE 
<'OME FROM THE SWEATINi; VAFETS 


Leather — A Product That Is Still a Mystery 

Process of Tanning Hides 
By Robert G. Skerrett 


I’hfJtnicraplis r(»p\riKhtecl bv 

I K ull sU‘el looked alike io the bi Idp* buildei wo should 
luno oatasirophos in plentj And lust bocauso all leather 
Is sfnii>1> loatbor to the vast run of shoonmkers the publle 
pays not uiil> doarb lt>r its footwear but suffers phxsioally, 
,^os mortally, therefoi But don’t let us antleiiMie We shall 
(*ome to the e\ll ot this attitude in time In the nieain\hile 
let us try to deseiibe an Industrial pa*a(lo\ 

The dietlonaij tells us that leather Is the skin of au animal, 
or some pair of such skin, tanned* taued, <ir otherwise dressed 
t<ir use. And reeonrse to a whole lihiary of lexicons Is un- 
likely to pro\e more definitely re>ealiiip In fact, ue ha\e It 
on most excellent authorltc that l(*ather is leather; and 
<»xaetly why this is so still has the st*Ientitt< >Norld guessing 
True, the chemist Is all\e to the fact that tannin works the 
unexplained transformation, hut what tannin is persists In 
remaining pretty niueli of a mystery, although the teehniciats 
know where to get It and can <*ertalnl> Identify Its presence 
by reactions Induced when associated wdth salt and gelatin. 

It will probably surprise no one to he told that the latest 
theory having to do with the art of tanning is that the 
change wrought In the skin Is due to au ebudrleal at tract Um 
set up botwt^en the hide fiber and the tanning liquid, because 
year by year we are discoveiing more and more of electricity’s 
manifold activities in this mundane existence of ours Pro- 
fessor Henry H. Piocter, of the i:nl\ersity of Leeds, England, 

Is now <'onfldent that tlie complex siibstumv commonly km»wn 
as leather is the product of the cc>-preclpitatlon of hide and 
tannin resulting from the electrical phenomenon Just described 
Eventually, tills pronouncement may have its helpful effect 
uiKUi an industry which is undeniably of a groping (harac- 
ter today. 

The general public has every reason to be interested In the 
broad tuple of the mating of leather, because the matter 
eventually touches everyone's purse and, In a large measure, 
hlM pride, tw well. Indeed, it Is probably no exaggeration to 
say that the health of millions hinges upon the chara<»ter of 
the material worked Into their c^omiimM footwear. Without 


Keybtone View Coiiiimny 

• 

going into tec hub allties It will .niNwei mu piirixise to know 
(hat the skins of \eitebrate <*rcatures maminaK, for !nstaii(‘e 
--aie comjK^scd of four layers or meininanes The outer one 
<*onsihts of tile e|ildernils, wlinh (Mrries tlie Jmir, the sectuul 
one contains the nerves, the smallei blood vessels, ett* ; Ibe 
thlixl, or iiiiddh^ lH)rtion, is the dennis oi tine skin iiiiide up 
of fibers Intel woven and intt»rse<tiiig in every direction, and 
the foui tb, oi lnneriiu>st, is the fat-beuring tissue imniedintely 
ov’eilylng the llesh It Is tbe fine skin or dcunis whlcli f<iims 
the basis foi Ic.ilher 

The tanner seeks piimanlv to ht the skin lor bmfher mak- 
ing by getting iid of the hair and those poitmiis of (lie skin 
tliat are liable to punefaetloii , and witli these cimIs ailileveit 
he has left the flbious texture or layer wliUdi is transformed 
by tanning Into the material used in the manufacture of 
boots and shoes, bags, harness, belling, gloves, etc The 
nature of the ultlinab* prodin t flepeiiding, of course, upon tbe 
kind of hide or skin ntibnMl and the piocesses employed dur- 
ing its treatment at the laimerv 

Here In the United States we use the ludes of horses, steers, 
cows, calves, pigs, goats and slieeji, not to mention such Im- 
iMirted raateilals as the hides of tin* biitYalo and the llama 
In some parts of the world, from winch we get “stock" for 
tanning, tlic hides are simply aii dried in the sun, vvlnle sheep 
skins are sblpi>ed to us from Australia and Now Zealand 
after they have been pickled bv means of a salt solution to 
which sulphuric acid lias been a<ided. HUles of native origin, 
however, are generally pr(*sorved for the time lielng by salt- 
ing, and reach tbe tanner in a damp condition, currying all 
of the salt they will absorb BeeaiiM* of this fact the tanner 
knows Just what he Is getting when he Imys the hides by 
w'elght; and this is the usual practice. 

No matter what may be the kind of leather into which hides 
are to be workwl by Hiih>sequent tanning, nil of them have to 
be soaked to soften them us a preparntoiy process. For this 
pur(K)He clean and soft water is desired; and if the water he 
hard it is mad** soft by a suitable amount of borax. The 
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VA'fS USKJ) IN THE TANNING OP BIDES OILING HIDES TO PRODUCE PLBXIBILITY 


HOuktiiK senes t<> rf*tiM)\o suit, dirt nnd ld<UMl adlierlu); 
to the liicleh l^ure lias to be taUcMi that Ibe bides while thus 
being softened tlo not lasHniie fltiecHl If soaked loo long, the 
hides loae gelulln aial make hnise or sjxnigj^ leather The 
soaking is In two stages eaeh of t\^ent^-foup hours Lark 
of caution during the Hoaklng nab^ produce a “pricked and 
pitted*' grain — “gnilir' being the natural outer Miifuiv te\luie 
of the leather Hides that luive been dried Inne to he niflle<1 
or worki'd after soaking in order to assure a sutisra(*tor\ 
limpness so that the> will laler on ]>einiit the tanning liipior 
thoroughly to penetrate the tlbrous mass In a diy hide tlie 
Intermingled tlhers are closely cemented together, and the 
aim is to break down this bond in tunning without iujuriug 
the iietw'ork iiinm whi<h the final flexildlity of tlie leatliet 
depends 

Following Ihelr soaking, the lildes are subjected to liming 
by being placed In Mits tilled wdtli a solution of slacked lime 
To tills bnih Is ackled a peiveiitage of sulphide of sodium 
There are six of these siusvssUe Inning periods, each of 
twenty-four hours' ilurallon — the lildes being taken out of 
the preceding hath liefore be- 
ing put Into the next one 
wddch differs somewhat In 
strength and comiiosltlon. 

Ai'isu'dlng to the character of 
the raw product, the liming 
otHM'utioiiH take anywhere 
from three to ten da,\s After 
passing through the last \i\t 
the hides are reeled Inti» 
warm water, where they re- 
main two or three hours. The 
Immediate elTeet of the lime 
la to swell the fll>ers of the 
skin and thus to split them 
up Into their <*onstltuent 
fibrils. 

Hecause the upi^er lu>er of 
skin has been dIssoU ed or 
loosened b> the lime the hair 
c an iH* readily remov ed by 
p 1 a t n g the hides upon 
“beams'’ or slightly rounded 
slanting boaixls and scraping 
the exix)sed surface by means 
of a dull metal bistruuient. 


The < honest gra<les of Imir are later on S4)ld to 
plasterers, and the wdilfe hair is not Infrequently used 
III the manufacture of so-oalled all-wool cloths Having dls- 
|Nised of the objectionable hair — and It Is esseiilial to get 
rbl of all of this if the leather is to bo tlnlsheil on the grain — 
then the next step Is that of deli ml ng. This may be pre- 
ceded, hm\e\er, by sjillttlng the hides or catling them into 
“sblev ’’ Hellmlng Is accomplished In two ways — by an acid 
bath or by us'ourse to bacterial bathing — the latter being 
iloia* by animal manure Artificial baths are widely employed 
at tlie present time, aiul these are comisised In the main of 
ammonium chloride aikl pancreas. Bran drenching is an- 
other way of neutralizing the lime, and all of these processes 
tend to make the hide pliable Tlie extent to wddch the treat- 
ment is earrled Is contingent uiM)n the kind of leather wdilch 
IS to be produced 

Once more the hides must be washed thoroughly with 
clean w'arm wnater This Is very essential to Insure a good 
clear grain w'hlch will color e\euly. It Is tlien customary to 
put the hides over horses to drain, ami It is not unusual to 

subjwt them to pressure to 
fre** them of some of the re- 
maining water before start- 
ing the actual tanning. Tan- 
nin for this purpose comes 
from many sources, luit most 
of these are of a \egetab1e 
nature • Their net eirec*t is 
to separate the hide fibers, 
hold them so, and to make 
tile animal material nonpu- 
tresclhle. Yeans ago hemlock 
and oak barks furnished 
imi<‘h of our needed tannin, 
and the leathers so obtained 
w'ore known, respectively, as 
hemlock and oak leathers 
When Uie leather was the 
outcome of tanning sn<H*cs- 
fllvely wdth oak and hemlock 
liquors the prmluct was 
termed by the trade “union” 
leather. Today, union leather 

*8ee article oik dynthetSc Tan- 
nins In SCIENTIFIC A^BEICAK 
MovTnLT, AiprU 10t!0. pp 028-030. 
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is the result of treatment 
with any kind of tannin that 
can be had in the market 
Tannin from chestnut bark is 
now employed extensively In 
turning out heavpr leathers; 
and largely because of the 
war and the need to make 
ourselves as self-sulflcient ns 
possible In raw materials, it 
has been found practicable to 
secure an excellent tannin 
from the bark of both the 
white and the black spruce 
For the lighter leathers the 
leaves of the sumac, which 
contain between 20 and 50 
per cent of tannin, are a 
source of supply. 

Without going into details, 
the tanning prcK-edure con- 
sists in putting the hides, 
stage by stage, in tanning 
liquors of Increasing strength 
and agitating the hides the 
while by moving them In one 
direction while the liquid bath travels oppositely tirad- 
ually the solution iwnetrales the hide — sole leather, 
naturally, taking longer to aceompUsh this than the 
lighter materials By carrying the tanning process to the 
point of complete penetration the resulting sole leather, tor 
example. Is a Arm and heavy product In the da>8 gone, it 
took quite two .vears to convert the “green’* hide lnti> market- 
able leather, but now the tanner thinks he la doing quite 
enough if he devote five months in reaching this stage. 

This is not hard to understand, us an expert has explained 
It, If we bear In mind that hides bring quite twenty cents 
u pound wet salted, and a sizable tannery puts in treatment 
anywhere from 10, (KK) to 50,000 iwiinds every tw^euty-four 
hours Because of the cupltal thus Invested the tanner Is 
anxious to realize on his Investment as scMin as p<mMible, and 


this ccouuniic side id' the In- 
dustry has Its redex In the 
grade ^ud the wearing qual- 
ity of tile leather worked into 
our slioes. This effort to 
speed up is evidenced in vvhnt 
Is know u as the drum-tanimge 
method By that process 
hides are placed in a revolv- 
ing drum caiTjlng a compar- 
atively small quantity of the 
tanning liquor, and this N 
strengthened rapidly as the 
hides are agitated. It is said 
that tanning can be accoiii- 
jdislied ill this way in a 
week’s time, and the result- 
ing leather Is very satisfac- 
tory so fur as appearam*es 
are concerned The material, 
how ev er, d(»es not show \iu 
well In service In the matter 
of keeping out water. The 
reason for this is that the tan- 
ning liquor has not time 
enough in which to till the 
linie substance wltli the insoluble matter, technically termed 
“blooms,” which, in the more leisurely prepared leathers 
S4‘rves to ladd the water at iniy Shoes made from drum 
leatlier are essenilall,\ for dr,v -weather W’eiir, The only 
trouble Is the lui.ver seldom. If ever, knows this. 

When sole leather has been duly tanned it is customary to 
subject it to a filling process which Is called In the trade 
“fat liquoring” As may be readily understood, this liquor 
is composed of oils, grease, and soaps of one kind or another 
The fat liquor, with the leather, is placed In a heated drum, 
and the latter Is revolved for the better part of three-qiiartors 
of an hour, during which time tlie leather absorbs tlie oleagi- 
nous mixture and the while gets rid of anj w^ater that may 
have l>een stored in its snbstaiux*. The leather is next re- 
Tnovfsl from the <irum, placed on horses, and allowed to drain 
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for twojity-four 1jouj*s Ko] lowing this the hides are “struck 
out,“ I e, stretched on each side with a tCK>l, oiled on the grain, 
jind then hung up t<» dry Daring drying the temperature 
should ho at about degrees Kuhrenhelt; and it Is neces- 
sary to Insure a cliTulutlon of air so that the 

leather will not <lry t<K» rapidly and thus a<‘q^re u parched 
upis'aruncsj. 

Where leather Is tanned by the chrome process, which is 
used in this country In the making of about 90 per cent of 
the umterlal emphoed In the manufacture of u]>pers for men's 
shoes, the tanning lupior Is <*om|N»Hed of a solution of basic 
sulphate or clilorlde of chroniliim The salts thus entering 
the hide cling fast b» flic flber and will siihseriuentl.v resist 
washing with waler—tlie leather will even stand boiling 
Chrome leather while md as good as that produced by the 
use of \egotahlo tannins is, nevertheless, of excellent quality 
when care Is taken In the selection of the material and due 
heed is exercised during the pHn'esslng 

A combination nt legiilur tannage and chrome tannagi*— 
el Hum pre<vdnig or following tiu* <dher — Yields a leather of n 
high grade which will hn\e the w'earlng qualities of chrome 
leather but will md slip on a wet paxement like the latter 
This leather retains its ilcxihllity and I« strongly reststunt 
to water This double treatment nsiulres that each tannage 
shall penetrate the loatiuM* thrr)ugh and through The leason 
why more hides aie not so deal! with Is because of the much 
higher costs ln\ohed Wlien leathers needing coloring have 
been duly dyed ami, imissII)1x greased, they are permitted to 
dry to a suitable degtec and are finally surfaced by means of 
rollers, fre<iueritly made of glass, operating upon a pendulum- 
llke arm, whlcli imimrt a polish 

Ourlously, the slioe manufu<*tiirer does not concern himself 
about the jiosslble ailulteruttons winch go Into the tunning 
pr<M*esseK He seldom, if ever, analyzes sole leatlier, for ex- 
ample, to discover if there is any undesirable matter stored 
away lu the proilmd The one thing that he Is fussy about 
Is that the leather shall have the desired <s)lor — something 
that In no wise indicates tlie wearing or other essential phys- 
ical qualities of the substance The net result of this attitude 
Is that the manufacturer of shoes is principally bent upon 
api)eallng to the eje of the retailer and the ultimate consumer; 
and the latter is generally unahle to safeguard himself against 


deficient laiiality. . He does not even realize what the manu- 
faclurer’i Indifference means when his shoes wear out quickly ; 
the more money he spends In footwear the more the Industry 
profits. „ 

It Is an established fact that the modern art of tanning 
falls a long way short of the standards set when the rela- 
tively primitive methods of making leather prevailed. Books 
bound a hundred years and more ago with leather of those 
days are still in good condition, while modern bindings of 
leatlier are very apt to go to pieces after a score or so of 
years. The urge of haste has not yet been offset by anything 
that the chemist has heen able to evolve for the purpose of 
Miieeding up the transformation that takes place in the hide 
in turning the material into leather. Indeed, the outstanding 
shortcomliug of the art is a fairly general uhseuce of poslllve 
standards by which the several processes can be gaged and 
their respective produ^s graded. 

In a very* able paper read before the American Chemical 
Society by Dr. Lloyd Balderston, that eminent expert laid a 
great deal of stress upon this aspect of the subject of the 
treatment and manufacture of leather And at that time 
Dr. Balderston said, In effect, that it w^as the hope of Pro- 
fessor Procter and his co-workers at Leeds, by establishing 
the electro-chemical nature of tannins, to make It possible 
thus to foretell the character of leathers to be obtained from 
tllfferent materials and mixtures 
America is not only the greatest shoo-manufacturiug nation, 
but our i>eople vitilize In other ways enormous amounts of 
leather The tanning Industry, therefore, Is one of our big- 
gest and most Important activities In normial times we am- 
plify our own raw supplies by importing anywhere from 
600,000,000 to something like 800,000,000 imunds of hides, and 
It is self-evident that the question of properly converting 
this material into really satisfactory leather Is a matter of 
the utmost economic moment The problem of the chemist is 
now to find proct^sses by wiiicli the hide can be transformed 
in the short<s5t practicable time Into leathers possessing all 
of the endurance and other desirable qualities which used 
to characterize the output of the tanneries of decades gone 
The chemist will undoubtedly be able to open the path to 
this goal when he determines beyond peradventure just what 
leather really Is. 


Something About Artificial Silk* 

Present Production and Possible Sources of Future Supply 


P LIUlAl’S Wit other levtlle fiber at the present time ab- 
atjrbs so much atlentlon of the financial and the indus- 
trial world as artificial silk 

Financiers, both here and abroad, are busy with the shares 
of the existing and prospective wunirles iimnufacturing arti- 
ficial silk under various trade or descriptive names and ac- 
(.•ordlng to the several processes already knowm as successful, 
and high hopes are entertained for the ftUure of artificial silk, 
which for some time past has been established as a staple 
product. On the industrial side optimism is also the predomi- 
nating view of the situation, by reason of the almost dally 
Iticrensltig number of articles in wldch artificial silk is asso- 
ciated, and by reason of the Insufficiency of the supply of 
natural silk to meet the re<|ulrenuMits of the consumers and 
the inanufacturerH Also iiecause fabric* manufacturers have 
obtained with artificial silk, used In connection with natural 
fibers, effects and fabrics not possible even by the use of nat- 
ural silk. One such effect is high luster, and the other is a 
“hand’* that no other material hut the arttflcial fiber can 
Impart to the goods. And h> the same token, the fiber gives 

•From .4«rrtcan Journat, April, 1020 


an apparent added value to the finished mutertal more tlirough 
its appeal to the lust of the eye than from intrinsic wortli 

This is not so paradoxical as It might at first seem since the 
high cost of artificial silk in itself contributes to meeting 
the luxurious demands of the present uncertain period. It has 
now secured a very important position in the textile indus- 
tries, In no branch of which does it occupy so much a position 
of importance as It holds in the silk Industry. It may, there- 
fore, not be out of place to refer here to some of the unfamiliar 
history of this product. 

The name artificial silk first appeared in patent literature 
in 1855, when Audetnars, of Lausanne, described a method of 
preparing vegetable fiber solely for the purpose of use In 
incandescent lamps. In 1844 Count Cbardonnet prepared a 
fiber from collodion which was expected to compete with 
natural silk. It w*a8, however, not until 3895 that he was 
able to offer a denltrated fiber. In 1900 the Fremery and 
Urban patent for the production of euiYro«mmonla collodion 
was exi^olted, and in 1903 there came into evidence a novelty 
which represented the last word In the industry of making 
artificial silk. The Cross and Bevan patent, taken out In 
£kigland in 1892, and In France In 3893, concerned the means 
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Of preparing a thick viscous liquid, called viscose* ^.intended 
for the purpose of brightening fabrics, which was subsequently 
so perfected that it was possible to spin yarns from the viscous 
liquid, and quite a large Industry has been built on It since 
then, so large that extensive plants operatdng on this system 
have long been established in many of the European countries 
and In the United States, and is today practically in control as 
the world's largest distributers of viscose. 

Up to 1903 the new industry, interesting though it was, was 
not seriously regarded in the industrial world, but was rather 
considered in the light of an interesting novelty. In that year, 
however, the Socldtd de la Viscose put on the market the arti- 
ficial silk which until recently has 1>een the last word In 
artificial textiles It may here be noted that this company Is, 
in fact, the monopoly and controls both the European and 
American markets very effectively, selling or w^diholding Its 
goods as it sees fit; and only now has the widespread demand 
for chemical textiles encouraged lesser companies to undertake 
the manufacture of artificial silks 

As the raw material for the production of vlbcose is wood, 
the Industry is one which can he established in any climate 
Indeed, today the Industry, operating In one process or another, 
is established in the United States, Belgium, Switzerland, Hun- 
gary, Poland, Italy, Germany, Russia, England and .Tupan In 
Germany alone, it is estimated that the production of artificial 
Bilk was, Just before the war, 5,000 kilos dally, and In France, 
4,000 kilos. 

It Is very apparent, however, that the increase In favor of 
the vegetable fiber coincides definitely with the increase that 
has taken plac^ In rhe production of natural silk Tn 1914, 
19,000,000 kg. of natural silk was produced; in 1906, 23,000,- 
000 kg.; in 1912, 27,000,000, In 1914, 22,000,000; and in 1918. 
approximately 25.000,000 kg. Yet, for some time jmst, 
and at present, there is alw*ays a scarcity of silks on the mar- 
kets, and when it can be got, prices are high, which are 
features which go to prove most definitely that natural silks 
are sought after more than ever. That Indicates the proba- 
bility of the belief that natural silk has nothing really to fear 
from artificial silk as n c?ompetitor. 

At l^’on, a renewed impetus was recently given to the use 
of chemical textiles by the invention of an entirely new process, 
the product of which is called silk cellulose. This new form 
of cloth is claimed to possess a brilliancy comparable to silk 
schappe, a remarkable solidity and durability, a touch similar 
to silk, and absolute impervlousness to water; at the same 
time it Is no more endangered by fire than the ordinary natural 
silks. While the thread of the viscose silks is, of necessity, 
relatively coarse and thick, the new silk permits of making 
threads of considerable fineness, and Is particularly remark- 
able for the quality of the velvets which can be made from it. 
The new process differs radically from the old processes. In- 
stead of converting a thick liquid (the viscose) into thread. 
It appears that it is possible to preserve the wood fibers and 
convert them Into a brilliant and solid cellulose. As a result 
of this, there Is obtained a greater molecular concentration 
and a regnlar geometric form in the elements that make up the 
thread; all of which, it is claimed, greatly increases the 
strength and durability of the cloth. 

A large factory for the production of the new^ textile is 
being projected for large-scale commercial production In the 
I^n district, where such materials as velvets, Jerseys, satins, 
dfaperies, Unlngs, and other silk goods will he woven. It is as 
Jret quite Impossible to state, with any exactness, the price 
%t Which the silk cellulose will appear on the market. Al- 
Plough artlAdat silks can already be obtained at very advan- 
tageous prices as compared to natural silk, the inventor of the 
new pcvKMS daims that bis product will be able to cut still 
further ^ cost of chemically produced threads. 

DespHd^'the fact that for years to co^e the artificial textile 
may not omnpete with natural dlk, yet the prpducera of the 
latter must evei)ttoany look for advance and inventions on the 
pan of ohemists that may ultimately remove the defects now 


so obvious in the vtsooae silks. What is most needed is ability 
to spin a much finer thread, which is at present extremely 
mfllcult to do on account of the air which Is held in the 
coagulating bath in which the artificial threads are formed. In 
seven or eight years, when there has been time for a surplus 
of artificial silk to accumulate on the market, due to the estab- 
lishment of new plants and increased production of other 
textiles, those whose interests are bound up in the artificial 
fidlk industry will be forced to bring about new developmeuts 
in order to etiuble it to hold its place ; at that time real compe- 
tition tuny l>e looked for between natural and artificial silks. 

The French weavers of vegetable thread, because of the diffi- 
culty they experience In obtaining sufficient quantities of that 
kind of thread, motivated, not long ago, a demand for the re- 
duction of the Import duty on that maerial, which is now 15 
francs (92 895) and up per kg (2.2 pounds), Including the 
recent increases. The lo\nering of the duty was, however, 
considered hardly Justified, It being taken Into consideration 
that at the last meeting of the Belgian Tubize Silk Associa- 
tion it was announced that America would absorb 20,000 
kg. (44,080 pounds) per day, if that amount could be pro- 
duced, in spite of the entry duty of 35, per cent ad valorem. 
The prevulhnig o|>inion is that the burner of fifteen francs does 
not appear to he of a nature to hinder importation Into France 
at the present time, In view of the fact that the French produc- 
tion must he stretched to its greatest extent in order to sat- 
isfy the needs of the home market, which is turning a deaf 
eiir to sales orders from abroad. 

From the foregoing it will be seen that whereas not so many 
years ago artificial silk was tabooed In the silk trade, it has 
since found a position of its own In the industry, and its 
wonderful success today shows there Is ample room for both 
fibers, and now, instead of the name ''artificial silk'* being an 
appellation damagl'Dg to the Interests of the silk industry, it 
really serves the purpose, by contrast, of eulogizing the many 
intrinsic merits of natural silk. 


THE LENGTH OF WOOD FIBERS. 

Thk current supposition thsA each species of wood has a 
characteristic fiber length Is not borne out by the many thou- 
sand measurements which have been made at the Forest 
Products Laboratory on wood fibers. These measurements 
show that a greater difference may be found in one t)ree ttian 
exists between the average fiber lengths of different species. 
In <Mie Douglas fir disk, for egoample, the fibers vatled from 
.8 to 7.65 milllnieters (.06 to .8 Inches) in length, which Is a 
variation of nearly 7 millimeters. On the other hand, the 
averages of several thousand measurements on Douglas fir and 
longleaf pine were less than one millimeter apart, belfig 4.41 
and 8.67 millimeters, respectively. 

In the first case, 67 per cent of the fiber measurements In 
one tree fell between 4.5 and 6.5 mlUimeters, which roughly 
Indicates the meaning of the common term "average fiber 
length’* for the tree or species. 

Such data obviously can be of little value for Identification 
purposes, because of the overlapping of the ranges of fiber 
lengtdi in the various species. 

Smne relatioDs have been otoerved between the length of 
fibm and tbeir position in the tree. During the first 26-50 
years of growth, the increase In fiber length from the center 
of a tree outward in any plane is very striking. An apju^- 
mate maximum having been attained, fiber lennth, though It 
may fluctuate somewhat, does not radloally dhange thereafter* 
even la trees 400 or more years old. Some increase in fiber length 
ocenn aleo for about two-thirds of the dMance from tho butt 
to the top. Within each annual ring the length of the libera 
varies, xmrtlctilariy in the conifers, where the eaiiy ^pring- 
weod has the longest riements* and the last fonnsd esUs of 
summerwood the shortest in the ring. 

No clesrly defined relation has bem found between fiber 
length and the strength of wood. The longw fibers are oftn 
fow6 in the weaker materisl. 



Looking Through the Phonograph Record 

Elements That Produce Surface Noise 

By Francis F. Lucas 


S OME years ago. when the phonograph was to Its earlier 
stages of developmenti vaudeville performers often enter- 
tained their audiences with imitations of phonographic 
reproduction. All of the then characteristic tinny sounds with 
the usual accompaniment of scratching and snapping were 
more or less realiatically imitated and the performances were 
quite apt to end with the repetition of a few soundSt indica- 
tive of the stylus traveling round and round in the same 
groove. In those days the phonograph was more of a novelty 
than it was a musical Instrument, but the tremendous devel- 
opment which followed has made It one of the most popular 
of musical instruments. 

As an entertainer It probably has no equal and has been the 
means of bringing music and entertainment to the most remote 
places. During the war we read of the sub-sea raiders lying 
quietly on the ocean bed while their crews listened to the 
latest In popular music on the phonograph. All of which 
goes to show that some really remarkable improvements must 
have been made, otherwise tlie demand for phonographs 
would have died out with the novelty. With the incentive 
of popular demand it is reasonable to expect that the devel- 
opment of the future will result in more faithful reproduction 
and greater clarity of tone with the elimination of all extra- 
neous noises. 

Recently a laboratory study of the standard phonograph 
records was undertaken with the object of comparing the 
different record surfaces so that the structural elements pro- 
ducing surface noise ml^t be made more tangible and perhaps, 
thereby, facilitate the application of corrective measures. 

Surface noise or ^‘scratching** of phonograph records is one 
of the peculiar characteristics of phonographic reproduction 


which, no doubt, everyone would like to see done away with. 
It results from contact of stylus and record and has several 
contributing causes, one of which Is the character of the 
record surface. 

To the unaided eye the surface of a record appears excep- 
tionally smooth and highly polished but when played all rec- 
ords produce surface noise. If one were analytically inclined 
he probably would conclude that even though the record sur- 
face does appear smooth and polished it must have miniature 
hills and dales and be more or less granular. Even with the 
aid of a microscope and using methods which are usually ap- 
plied when examining opaque objects the results are not 
satisfactory. 

For the benefit of those who have not had actual experi- 
ence in technical microscopy it may not be amiss to say that 
the mounting of objects for microscopic examination is some- 
what of an art In Itself and that the mode of procedure differs 
with the character of the specimen. In some cases the speci- 
men is mounted as an opaque object and oftentimes Its surface 
is etched with some reagent which will differentiate in the 
structure. In other cases very thin and transparent sections 
of the object are mounted in a suitable medium on a glass 
slide and protected above by a thin piece of glass called a 
cover glass. 

For critical examination of a phonograph record by micro- 
scopic methods the conditions seemed to call for a very thin 
section from the record surface, a section of the skin so thin 
that it could be examined under considerable roagniflcotlon by 
transmitted light In making the section the surface of the 
record should not be disturbed even to the slightest extent, 
otherwise the true conditions would not be disclosed by the 
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subseQuent iiiieros(*oploal (>xanilnat]on Moioo\er, this method 
of attack would penult the exauilnatlou of cTystallliio mutter 
by polarized light and also, It would allow the Individual 
particles to be gaged by micrometry. 

After much laboratory work of the most painstaking order 
and innumerable failures which are usually incident to work 
of this kind a delicate mode of procedure was developed where- 
by a section of the 6urfu<*e measuring approximate^ one cen- 
timeter square and only u few thousandths of a millimeter 
In thickness could be removed from the recoixl These sec- 
tions were then mounted on glass slides in the manner de- 
scribed above after which It was i)Osslble by means of the 
ralcros<*opo “to look through the record” and see the nature 
and condition of the material forming the bottom of the lecord 
grooves Even to one experienced in technical microscopy 
the results were startling and they seemed sufficiently con- 
vincing to warrant the speculation that the development ot 
the phonograph record has not as yet reached Its zenith As a 
further aid In the investigation transverse sections also wx're 
prepared and a method of reproducing the record surface in 
a transparent medium was developed as will be described 
later. To reproduce the surfaces by photomicrography proved 
somewhat of a problem but by a special arrangement wUh a 
powerful illumlnant together with the necessary optical sys- 
tem the photomicrographs reproduced here were taken 

In the selection of 8]>ecinien records for examination every 
effort was made to secure thoroughly representative recsirds 
from each manufactiirer’s product. In general, unused rec- 
ords of the latest production were procured from dealers 
whose sales are large ami by careful selection It was felt that 
the results would be representative. In those cases where the 
record manufacturer also markets a phonograph the records 
were played on a machine of the same make, otherwise they 
were played on one of the standard a\ailable machines adapted 
to the record. The records selected Include all of the standard 
makes with exception of the cheaper records In which a high 
degree of artistic or technical attainment should not be 
expected. 

In order that the Illustrations may l>e understood and cor- 


rectly niteriircted a bilcf description of record construciiou 
seems iie<*essary Phonograph records are made from that 
class of inatonals known as hot molded composition. They 
consist of a binder intimately mixed with suitable mineral 
and vegetaide tillers and a small proportion of coloring mat- 
ter. Under suitable conditions of temperature and pressure 
the mixture assumes a plastic condition and may be molded 
The binder may be either a natural or synthetic gum or resin, 
or a combination of both The ctnninonly used natural resins 
or gums include shellac and rosin. The synthetic resins 
(phenolic condensation products) have the property of resisting 
deformation under moderately elesated temperatures and, too, 
they product* a very hard surface w'hich resists abrasion 
Consequently records made with these rosins do not scratch 
and mar easily during handling The natural resinous ma- 
terials are often affe(‘ted by heat and records made with them 
are apt to deform unless properly stored. Also the surface 
of such a re<*ord is somewhat soft and apt to be damaged 
by careless handling The mineral fibers, such as rottenstone, 
<halk, etc., are used to Impart hardness and strength. The 
vegetable fillers arc usually cotton or ^ood fibers and their 
function Is to help hold the mass teuueiously together and to 
counteract brittleness. 

Figures 1 to 19 inclusive are photomicrographs of the nine 
prominent records which were selected for investigation. The 
bright six>ts are the particles which transmitted the light 
more brilliantly than the adjacent purtloles and from a con- 
sideration of the illustrations It seems evident that what to 
the eye appears to l)e sniootii and polished Is actually a rough 
and rugged road, at least in so far as the stylus is concerned. 

From a critical examination of the illustrations one probably 
would conclude that record “H” should have the least surface 
noise and this assumption would check exactly with the facts. 
The record consists of a disk of cheap composition faced with 
a pure phenolic condensation product. Therefore, the record 
grooves are made up of a very smooth, hard, homogeneous 
substance, free from mineral and vegetable matter such us is 
found in other records. The Irregularities sliown In Figure 15 
were found to consist of small cracks, >old« and air bells and 
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also of foroitrn partiole IikIusIoiis *^ui‘h as dust This photoml- 
oro^iiilWi Ih of HiH>c'lal interest i»eeiiuse It sliows the order 
<»f inijK'r feet Ions which ('oinmerclal inoidiug may he expecttMl 
to jield when working with a clear homogenwius material. So 
far as freedom from surface noise Is concerned this record 
left little to desired luit unfortunately the surface coating 
displayed a fendenc.v to warp and cra<*k ; due, appnreiitl>, to 
an inhereni ph> steal weakness in the record construction 

On the listening test re<*ord “1,** Figures 17 and 1ft, was 
found to lie next In order of freedom from surface noise, al- 
though there was quite a gap between It ami record “II.*’ In 
most of I lie records tlie surface noise was not especially pro- 
nounced ami probably would not be obiectionable to the a\er- 
age listener exeept, iierhaps, in recoids reproducing soft music 
Figures 17 and 18 show^ Oeiin-cnt molding and quite uniform 
strueture 

In adtlitlon to tlie usual scratching sound, occasional “snaps 
and <'rackH“ are often heard and these seem to ha\e their 
oilglu in a different wmree In re<‘ord *‘B/’ Figure 3, certain 
ImperfiH'tloiis In the record surface are to he seen and it seems 
proliahle that when the stylus stiikes such obstructions as 
tliese the reproducer must register some sort of a violent pro- 
test Tht‘se molding imperfections were found to l»e more 
pronounced in this parlldilar record, hnt they w^ere l»y no 
means alisent In the otiier records RiH'ord “B” also had <*on- 
slderalde suifai’e noise whl<*h one would expect fiom the 
nature of the structure us shown by Figures 3 and 4 

necoid “F,“ Figures 11 and 12, illustrates a novelty In 
construction In Figure 11 It will he seen that the record 
body consists of a isairse sirmture whieli is faced wuth a liner 
composition. Between the bod,^ and the surface coating on 
each side Is a fibrous separator Tlie surface of this record 
is of finer structure than record “B“ and, us might he ex- 
pected, the surface noise was le^^s intense 

Records “A,** “C,” “D** and on tlie listening test were 
found to be much the same so tar as surface noise was con- 
cerned. Some differences did exist hut It will be secai from 
the Illustrations that 
the surfaces are In- 
clined to be rimgh ami 
in some instances the 
structure is coarse. 

As might he expect- 
ed from Flgun*s 13 and 
14 record “G” had 
most surface noise 
any of the records 
studied In some rec- 
ords the scratching as- 
sumed very disagreea- 
ble proportions and de- 
tracted greatly from the 
musical value of the 
record. The grooves 
were found to consist of 


Muail ami large mineral particles and splintery bundles of 
wood liber. The large mineral particles were present In 
abnndanco as will be noted and their origin was a mystery 
until treated by a method of microscopic analysis Since a 
large proportion of the record consisted of wood flour it w^as 
dt^cided to examine some represen ta ti \ e samples of this ma- 
terial The results showe<l that the wood flour carried large 
inclusions of mineral ivartlcles similar to those found In the 
record surface. Following the W'ood flour tt> its origin It was 
found to consist of sawdust ground to flneness In a stone 
null Apimrently in this way particles of the grindstones 
were lieliig convened to the rect^rd surface In Figure 22 
the coarse and splintery structure of the wood flour Is shown 
hv means of a photomicrogiapii taken by dark ground illu- 
mination A large mim»ral particle Is much In evidence An 
idea of the extent to which mineral particles were found to 
lie present In w’ood flour may be judged from Flgtire 20 
which show’s the Inorganic matter found In about one per cent 
of the wood flour which could he heaped on a ten-cent piece 
The wdsdom of using material of this kind would seem oj^en 
to serious cxinsideration, esiieclnlly In view of the fact that 
(’heinlcally separated wxiod fiber free from foreign Jn(‘his!ons 
ina> readil> be obtained. Wood fiber of this nature is illus- 
trated in P’lgure 21 It will be noted that the w’ood has been 
reduced to its ultimate fiber, which is the best possible con- 
dition for molding plastics. 

As a further alil In the iinestigati<»n a transparent medium 
w’hlch would take an Impression from the record surface w’lis 
developed, the idea lieing that differences in level would he 
disclosed b> differences in the depth of color of the impression 
when viewed by transmitted light. That Is, a mount of this 
kind when examined under the miscroscope would constitute 
a relief map of the record siirfH<*e Figure 39 is from an im- 
pression taken from record “G” and the .similarity of Figures 
33 and 19 is quite evident. In Figure 30 the light colored 
hands are the ridges and the broad darker bands are the 
grooves from which it is clear that a dark area indicates a 

depression in the rec- 
ord surface and a light 
area an elevation. This 
method of examination 
has the advantage of be- 
ing quicker but does not 
permit qualitative and 
quantitative analyses by 
means of the mk roscope. 

From a consideration 
of the data obtained It 
would seem that future 
improvements In sur- 
face conditions appear 
most hopeful along lines 
which will result in a 
finer and a more homo- 
geneous structure. 
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FIG 22. GROUND WOOD FLOUR 
WITH COARSE MINERAL PAR- 
TICLE INDICATED BY TBE 
ARROW 


Progress in the Art of Taking Moving Pictures 

Cinematography in Germany 


I N u recent ouinl>ev of the (iernian luugazlne, 

Frankfurt-uni-'Malu, Walter Thieleiniiiin gives aonie Inter- 
esting informution aiMjut cinematography. He wites 
Even during the years of the war there has been much new 
discovery In invention with resi)ect to the art of the cinema- 
tography on the part of the German technologists. Many of 
these things were stolen by the Allies during the abeyance of 
patent rights. Those ln\entors, howe\pr, who were clever 
enough to renounce their patent lights during the war and 
deferred flie publication of their Inventions until the coming 
of peace» are now giving to us a number of new processes in 
the technique of the (Mnematogruph 
One such Invention which promises to be epocli inuking is 
the work of a Germun-Austrian, who during the war dlsiov- 
ered a method of preventing the annoying flickering of tlie 
pictures during Uie proje<’tion of I lie flliiis The flickering of 
the Aim projettlon is caused l»y the fact tliat the strip of film 
IS in constant motion wlille the source of llglit is steady This 
disturbance is remedied by tlie new invent Ion In the following 
inannei • by a system of movable mirrors tlie llglit souice nc- 
oompaiiles each iiosltloa i»f tlie entire stiip of film upon its 
pi ogress and with tiie same late of s|KM'd means of 

tills arrangement i)erfectl> deal and detlnlte projection im- 
ages are olitalne<l for every part of a lUm, the flU*kerlng of 
the film may soon lie expi‘Cte<l, theretore, to be a thing of 
the past. 

Another Invention, “the film opeia/’ works lu connection 
with real singers and in front of tlie projection suitace of 
tlie film tliere Is a complete orchestra assisted liy living sing- 
ers The director of tlie or< hostru Is photograplied upon the 
film at llie same time Unit the regular moving picture per- 
formers are photographed The inuslciuns and singers watch 
his motion and he gives tliem all tlie signals that a regular 
leader of the orchestra would do At tlie same time the public 
can see upon the lower edge of tlie film the corresponding 
metronomic signs whicli exactly coiri‘spond wltli the signals 
given l»y the orchestra conductoi sliovvn upon the film Really 
surprising lesults have been obtained lu this way In tlie film 
operettas pnxiuced In the Inst few months The mo.st melan- 
choly thing about this purely German Invention Is tliat by the 
stealing of patents mentioned aiiove, foreign countries can 
employ this device to the injury of our own industrial firms. 

Among tlie manifold novelties in tlie list of cinema appara- 
tus wliidi me e.si>e<*lally Miited to assist tlie arts of education, 
one very new and valuulile one is that bv means of will eh the 
progress of the film maj lie arrested for a time when desired 
Hitherto when the film w^is stopped its highly InfianiTnable 
niatenul was almost ct'rtain to take fire Tlie new invention 
enables tlie operator to stop tlic passage of tiic film hy means 
of merely pressing a liutton and by pressing a second button 
it is possible to nmke it run liat'kwards. Hence, when it is 
desired to explain and make impressive a specially Important 
part of an educational film, or when the students desire to 
ask questions about It. the given portion of the film may be 
held or shown rei>eate<lly us long as the Instructor wishes. 
This novel invention which has already been amply tested, 
will doubtless give great satisfaction to teachers and lecturers. 
The use of films for instruction has made special progress 
in the last few montlis, purUcularly with respect to micro- 
scopic moving pictures. Before the war these were exclusively 
prepared by French film firms. Among these we may men- 
tion Interesting microscopic moving pictures, taken from life, 
of the water flea, a crab-Ilke animal scarcely two milimeters 
long, which is shown enlarged several thousand times. The 
observer is able to see not only the externally visible motions 
of the feet, the antennae, etc , of this minute insect, but also 
the pulsation of Its primitive heart sue, the movement of its 


eyes whlcli contain dark pigment set about with chalk crys- 
tals, and even the functioning of the imis<*les of tlie eyes, witli 
perfect clearness Otlier films exhibit diagrams showing es- 
pecially the Introdu<*tlon of pathogenic germs Into human or- 
gans and the resulting sn'kening of the whole body, us also 
studies of the life of lH*es, etc 
A Berlin engineer lia^ sinn^eetled In retaining si>eecli ui>on 
a thin sheet of ooiluloid and has thus solved a dlfilciilt prob- 
lem wiiKli <*oiintle«s investigutons have worked at for manj 
years ami before whi<*li eviMi Edison’s nklll has reiNilltMl B> 
the aid of a new recfirdliig process it lias becoine possible 
to replate the heavj plionograph plates, whose material is at 
the present time bolli costly and difilcult to obtain, liy thin, 
flexible slieets of celluloid aliout Hi cm. in diameter; the ad- 
vantage in the employment of llieso Is that they practically 
do away w'ltli tlie irritating “scraping” at'C’ompanylng sounds, 
which urdluarlly injure tlie tone Since tlie plates can be re- 
placed li.v a ril)l)on the tntkmtf /f/m, wlilcli lias been sought for 
so many >eiirs, has at last invii discovered Tlie greatest prac- 
tical ud\ antagi* of tlie new^ duoverj consists in tlie great 
clieapness of tlie new plates, vvhicli will enalile tlie phono- 
graph to 1)0 used for the geiieiul liiqtructton and entertainment 
of all classes, and may he exiiecled to be of pt»cnliar service 
to the men blinded In the war 
Film caricatures, lo, pictures whicli apisvir iqxm tlie vvlilte 
screen as if drawn at liglitening speed and wltli skill by the 
hand of an invisible muster, have lately been extremely iwpu- 
lar As soon as tlie drawing of the iiicturos 1ms been com- 
pleted the figures begin to move To tiie layman I ids appears 
most mv stcrioiis In renlll.v, liovvever, tlie film caricatures are 
drawn t*xactly as shown upon the film e\c<*pt that they are 
done very slowly instead of very rapidly, flic rapid passage 
of the film giving the Illusion In prepailng smh pictures 
the artist first makes a sketcli ol the jiroposed woik. He then 
I'overs the pencil lines <»f his sketch with white' tempera, so 
that they can still he recognized at veiy close range. The 
work Is then placed before the camera The aitlst draws a 
line with the dark color and steps aside, whereupon the op- 
erator takes a picture of this single line The artist then 
makes a second stroke and steps aside once more mitil the 
camera has recorded this, and so on till the work is finished. 
If It is dcslreil to have the figures move, the movable portions 
are cut out of paper after being drawn and tlien moved in 
front of the apparatus. Making such pictures is not only ex- 
ceedingly difilcult, but demands the most exact pre<tslon. 
However, a surprising degree of perfection In their prepara- 
tion has been attained during the last few years 


STEUI.ING SILVER. 

TAe Engineer (English), Octolx^r 10th, publishes the paper 
of Smith and Turner on “The Properties of Standard or 
Sterling Silver ” This sliver derlvi's its name from the fact 
that it has l>een the lepil standard alloy for all British 
silver coinage and silver plate. It contains 02 6 per cent silver 
and Is the only silver alloy of any industrial Importance The 
authors found that the temperature of the metal in the cruci- 
ble should be about 1200® Centigrade when ready for casting, 
and that the stream of silvi^r during pouring was about 1113® 
Centigrade. When casting the alloy precautions must be taken 
to secure homogenous conu>ositlon throughout the ingot for 
there Is a tendency for the silver to become concentrated at 
the center of the ingot. Ordinarily, 670* Centigrade Is the 
best temperature for annealing and usually this pix>ceas is 
completed in some twenty to thirty minutes. The maximum 
Brinell hardness of standard silver was found to be about 
183, and the tensile strength varied, according to the method 
of casting, from 22,000 to 28,000 pounds per square Inch. 



A New Method of Welding 

French System of Holding the Welding Rod to the Rear of the Torch 


T UE usual method employed In autogenous welding con- 
Klsts in holding the torch inclined in the direction of the 
place to be welded and imparting to it a slight vibratory 
movement. A new method has been recently described in the 
French magazine Revue da la Soudure Autoff^ne (July-August) 
called Soudure en am^re (Welding to the Rear). In this pro- 
cess the welding rod or filler rod (i.e , the stick which the oper- 
ator holds in front of the blow pipe and which gradually melts 
and fills up the space between the edges of the two pieces of 



FIG. 1. WBILiDING OF OMICK SHKBITS OF MBTAt. 


metal tliiit are being Joined), fulh»ws the torch instead of 
preceding it. TTiis process, which was devised for welding 
soft steel by M UcnUleaii during the war, and which has been 
employed in a number of factories, Imth in Italy and In France, 
presents considerable ad>antages the metal is sounder, the 
rapidity of advance is greater, and, finally, there Is a saving 
of at least 26 per cent in labor, in gas, and in filler metal. 

The fusion of the filler metal Is affected no longer directly 
by the point of the fiamc but by the heat proceeding from the 
entire flame, the torch being inclined towards the rear, l.c., 
towards the welding rod. 

The stick of filler metal la pretty smartly inclined with re- 
spect to the line of the welding in the forward dlroc*‘i*»n, i.e, 
in the direction contrary to tliat of the Inclination of the 
flame. The angle which appears to be the most fa\oruble 
between the lino of welding and the filler rod Is 45 dt‘g for 
thicknesses starting at 6 to 7 mm. and a little bit less 
below these down to 30 deg. for weldings upon sheets of metal 
3 mm in thickness. 

This inclination, furthernmre, is a function of the move- 
ment which is imparted to the end of the filler rod In the 
line of the welding. In thicknesses of alnnit 6 tnui. this move- 
ment consists in causing the extremity of the filler rod to 



FIG. S. POSITION OF THE TORCH, TIP OF Fl/AME IN 
ANGIilQ FORMED BY THE CHAMFERS 


extremity of the filler rod remains constantly fnunersed in the 
fused metal. 

In order that the welding line may present a homogeneous 
aspect it is advisable to operate at the same rate of speed 
from start to finish. Otherwise if one moves the torch too 
rapidly at one end the free fusion and the regular advance 
will not be obtained until after the lapse of a certain length 
of time from the beginning of the welding. It is well, how- 
ex er, previously to heat the sheets of metal with the blow 
pipe along the line of the weld for a breadth of a few centi- 
meters The blow pipe and the filler stick are held, as Indi- 
cated, the tip of the flame penetrating thoroughly Into the 
angle of the oppoMte chamfers or beveled edges of the sheets 
of metal, and the first melting is obtained by imparting a 
slight gjTotory moxement; then the filler rod is Immediately 
Introduced Into the molten metal, while at the same time 
the blow pipe begins to advance at a regular rate of speed. 
The filler rod, on the other hand, xvhich irnniedlalely follows 
the flume, is gi\en a reciprocating movement, either perpendic- 
ular to the edges of the line of welding, or else more or less 
elliptical or longitudinal, according to the thickness of the 
metal, hut always retaining the same angle of incdinutlon. 

By folUrwlng this method the welding is accomplished in a 
normal and xery continuous fashion. The operator must be 
careful to employ an amount of filler sufflclcnt to ontlrely 
close the line of xxelding with neither an excess nor a defl- 
clenc'y Ui>o« arrlxing at the end of the line of welding the 



2 WBId^ING OF THIN »HBETS OF METAI. 


iwvitlon of the blow piiie is changed as reciulred, In order to 
secure a neat finish, the blow pipe and the welding stick being 
skilfully manipulated as in the ordinary process. 

Since the molten metal is directed towards the rear. It is 
always the faces of the chumfens which are attacked; the 
welding l*s of the character known us Wen traversd (well 
filled), and smears are almost Impossible. Howexer, the 
operator should never proceed with too much speed, but must 
go slow enough to give the faces of the chamfers time fully 
to melt, while, at the same time, avoiding the creation, by 
going too slow, of ^'candles" of melted metal on the opposite 
side of the welding by reason of too great an application of 
heat at the point of the V (Fig. 8). 


melt, by moving alternately from one side to the other of 

the line of welding (Pig. 1). In thicknesses below 6 mm. the ELECTROPEROUSSIVE WELDING* 

nun ement becomes at first ellipsoidal in character and with B. Viaix describes a method of Jointing wires by connecting 
sheets of metal having a thtdoness of from 8 to 4 mm. (and the two pieces to the terminals of a charged condenser, and 

still »o for these having a thickness of 2 inm.) it finally bringing them suddenly together with some force. Sufficient 

exhibits a back and forth longitudinal movement unaccompa- electrical energy is liberated by the discharge to melt the 

nied by u transverse movement (Fig 2). In both onsas the wires, while the force of the blow welds them together. 
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A machine suitable for Jointing aluminum and other wires 
up to No, 13 gage Is described. One wire Is held In a chuck 
at the base of the apparatus, while the other is clomped Into 
a holder free to slide In vertical guides. The holders are con- 
nected to the terminals of an electrolytic condenser by a cir- 
cuit containing an adjustable inductam^e, and are kept short- 
circuited till reQUired. The condenser is coupled up to a source 
of supply through resistances. The wires Imve their ends 
prepared by a special cutter, the switch is opened and the 
tipper holder is allowed to fall, when, if all adjustments are 
correct, a perfect weld Is immediately made. Oscillographic 
tests with No. 18 B. ic S. aluminum wire show that the 
power expended at the weld reaches 23 kw. for an instant, 
but the entire weld Is made In 0.0012 sec., so the total energy 
Is about 0,00000123 kw-hr, per weld. The process Is well 
adapted to welding copper connections to aluminum. — Aniert- 
ran MachtnM, March 20, 1920. Abstracted by The Technical 
Review. 


THE GREAT HYDROELECTRIC PLANT AT KEOKUK. 

Thk Mississippi River Power Company’s power plant at 
Keokuk, lowia, Is by far the greatest low-head hydroelectric 
development ever undertaken. The entire structure Is built of 
monolithic concrete and Includes a dam, power house, naviga- 
tion lock and dry dock It Is located at the foot of the Des 
Moines Rapids It is two miles long and is provided with a 
normal working head for hydraulic machinery of 32 feet. 
The discharge of the river, at the site of the power station, 
where it Is approximately a mile wide, Is 200,000 cu. ft. per 
sec. at low’ water and 372,500 cu ft per sec, at the flood stage, 
which discharge made possible the project, 

A 4,660-ft, spillway dam of the gravity section type which Is 
surmounted by a bridge, extends from Hamilton, lU, ou the 
east side of the river, to the power house which is near the 
west side of the river It consists of 119 arched spans each 
having 30-ft openings and O-ft. piers Each of these 30-ft 
spillways may be closed by a gate or wler, in other words, 
there are 8,670 ft, of .spillway. 

In order that drift and Ice may be excluded from the forebay, 
a 2,840-ft, fender pier was constructed.^ There Is a 300-£t. 
opening between the sliore abutment and the end of the pier to 
allow the passage of river trafllc. When navigation Is closed^ 
or when there Is a large amount of floating matter in the 
river, this opening is closed by means of a floating boom. 

The completed power house will he 1,700 feet by 123 feet^ 
and will provide room for 30 units each comprising a 10,000- 
hp. single-runner vertical Francis turbine connected to a ver- 
tical 9,000-kva, 11,000-volt, 25-cy<Me, three-phase generator 
operated at 577 rpra. The present structure is only half of 
that called for by the plans, and provides for only 15 main 
generating units. From the forebuy the water passes through 
the gate openings In the gatehouse section of the building, 
thence entering four branch Intake tubes for each 10,000-hp. 
turbine. These four entry openings, 22 ft. by 7 5 ft deliver the 
water to the scroll chamber at the sides and rear of the 
turbine setting. By the design of the scroll chamber, 89 ft 
in diameter and molded In concrete to follow the mathematical 
curvature required, the water is Impinged upon the turbine 
blades from all sides with equal force and velocity. The draff 
tubes, 18 ft. in diameter at the rotor, enlarge rapidly as they 
assume a horizontal direction to empty Into Xte tail race; 
Because of this design the water, as It entees, moves at a 
spe^ of 14 ft. per second and is discharged into the tail pool 
at about 4 ft. per sec. 

A short dam extending downstream from the power house, 
a navigation lock and a dry lock at the west shore, form the 
forebay of the power house. The lock is a single 40-ft lift, 
the ctkto4Der of which is 400 ft. by 110 ft, and may be flUed 
In 10 minutes and emptied In 12 minutes. One of the features 
of this lock is an upstream gate, which may be described as 
a single leaf with a void chamber. This gate la operated as 
follows: To open it the chamber Is Ailed with compressed 


air, and because of the buoyant effect it floats Into place; to 
close It, the compressed air Is allowed to escape, and it sinks 
Into the chamber provided for it because of Its weight. 

At the present time this station provides 110,000 h.p. to St. 
Louis, East St, Louis, Alton, Hannibal, Quincy, Burlington, Ft. 
Madison and adjacent territory and, thus, serves a population 
of about 1,120,000, — From Mechanical Enguieering, April, 1920, 
pp. 228-29 

BERGSUND ORIGINAL SURFACE-IGNITION TYRE 
ENGINE. 

TiiK Bergsund engine is now being built in Sweden but 
it is llkelv to be introduced soon on tiie market. 

Its design does not differ es^utially from that of similar 
engines now known It is shown in section In the accompany - 
lag dra\Miig. 

The c.\de is as follows* 

The projecting piece V has a double duty as the fuel Is 
sprayed on it at an acute angle In an almost solid stream, 
and is split by it into fine particles. And, in order to avoid 
chance of misfire at light loads, the Upped ignition disk 



B£>llOSUND ORIGINAL SURFACE IGNITION TYPE ENGINE 
TYPE ENGINE 

termed the light-load ignition surface, is fitted Jusf above it, 
and this enables the engdne to run for long periods without 
load, or without the use of the blow-torch. 

Fuel oil is Injected by the pump Into the hot-bulb via 
surface V, which is heated when starting by transmission of 
heat from the double-lipped disk I, which is made red-hot 
by the blow lamp R. After the engine has been running a 
short time, the blow lamp is extinguished and the projection 
R and the ignition plate are kept hot by the temperature of 
combustion. It will be noticed that both the hot bulb and 
the Injection nozzle H inunediately before the piston reaches 
top center, and Is spnayed on to the surface of the projecting 
cylinder head arc water-cooled. 

Fuel is fed to the injector by the pump A which is actuated 
by e cam on the governor. The governor regulates the 
position of the cam in such a manner that the stroke of the 
pump ts suited to the load of the engine, hence the quantity 
of the fuel being varied. Before entering the cylinder, the ; 
fuel-oil Is passed through to separate filters, one of which may \ 
be taken out and cleansed while the engine Is working. All 
troubles from the choklng-up of the fuel oil valves and the 
nozkle are obviated by this arrangement. — Motorehip, Vol. 5, 
No. 6. April, 1920, pp. 824-826. 




Drilling an Oil Well in Pennsylvania 

Methods of Boring and Details of Machinery Used . 

By Herbert T. Wade 


T HIO MlnklnK of holos Inlu the siirfa(*c of the earth 
In the (luest for or natural jois Involves in- 

terest I eiinlpjneiit as well as operation, which has 
iusMi (Ie\eh^i>e0 In the toiirsi* of comparatively few years. 
Despite tile K^iieral rmiKii apiKsirance of a clrilllnK installation 
hi the oil fields, In most Iiistanees drlllluK methods and nia- 
ehlneN are quite edhdeiit and extratirdlnary depths have been 
attained in a nuinher of limtHM<*es. 

To appreciate the general nature of the operation It must 
be home In mind that there are two fundamental elements in 
alnklng a deep l»ore hole, namely, drilling and hoisting, and 
tiie inKtullatlon must he designed with these ends always in 
view Drilling maj he done either iij percussion, hydraulic, or 
abrasive methods, depending upon tiie nature of the material 
to he penetrated, and in different eoun tries and in different oil 
tUdds there are ^nrhltlon8 In the pro(*ease8 and equipment. 
The Amerleun standard cable or pereuswlve system developed 
In the Aptialaclilaii tield consists of (able tool drilling or 
raising a steel drill by a <*able and jiennlttlng It to fall of Its 
own weight and thus mak(> Its \vn> throiigli the material. In 
Oallfornla and otlier Belds the rotary system Is employed 
where a eohimii (»f pipe wliose lower (sid Is fitted nith a 
cutting tool is turned In tin* bore liole 

In the main then* are tw(» grand groups of drilling installa- 
tions, first the portable or drilling machine readily rno\(Ml and 
generally speaking limited by aiboiit 2,000 feet depth of oper- 
ation, and sewndly the drilling ng designed to he Installwl 
l»ermaiiently at the selected location, and In some cases sus- 
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ceptihle of being dismantled, removed and reassembled and 
erected elsewhere In equally permanent form. 

The lending feature of tlie drilling rig la of course the 
tower so familiar in the landsinifie of any oil field A drill- 
ing outfit such as may be found In Pennsylvania, West Vir- 
ginia, Okluhoraa, or elsewhere in the United States congigts 
not only of the drilling structure, that Is the derrick and Its 
appurtenances, but also the tools, engines, holler, roi>e, and 
other accessories These outfits in many cases are owned and 
operated by contractors, and in sinking a gas or oil well by 
contract it is usual for the drilling rig and casing, that is, the 
protecting pipe lining The tiore hole, to be furnished by the 
owner, while the tools, engines, boilers, etc, are supplied by 
the contractor who is paid (m the basis of the distance drilled. 

The most usual e<iuli>nient seen is the old-fashioned timber 
tow'er rig, parts of w'hich are shown in the accompanying illus- 
trations Naturally the drilling rig Is an evolution which 
began with a spring pole supported on a tripod or forked 
IMist, and carrying susi»ended at one end the drill. This was 
Micceeded by a braced mast single or double. Then came the 
modern four-legged bracetl derrick of timber intended to re 
main permanent In all of these the object was to secure an 
arrangement whlcli would raise and lower a drill tool or bit, 
and later ser\e to supisirl aud low^er a lining of iron or steel 
pipe or casing In the bore hole. The next development of the 
timber derrick was to design it so that it could be put together 
readily witli liolts and then taken down and removed else- 
where in case of lack of success or for other reasons Follow- 



TOB OMINO BDINO OCRBTWBP TOO!BTCraB WITH *‘CHAIN 

TONauHiB**' AKD *nmmBL pira wwexncbbs 


524 


JvMic, 1M!0 


SCIENTIFIC AMERICAN MONTHLY 





VIWW OK rPHE TEMPER SCREW THIS ADJUSTS THE 
iJifJPTH OF niE DUIDL 

Ing ull 8(n](*turul (le>elopineiit tlioro fame <U*rrl< ks const ru<*ted 
from the abundant supply of pli)o to be found around oil welis» 
and then a special steel structure designed to furnish with 
greater strength and iK‘rniuneiice the fncllales required A 
long panel construction at tirst uas turned out l»y csmstnic- 
tion engineers bused in many eases rather upon tlnH>retical 
and pref'onceived Ideas than uiwn the demands and standards 
of field practice, but this later uas modified in a steel (iemck 
with short panels in whieli tlie liest features of the lung es- 
tablished wooden tower were retained and the dernunds of 
the men in the field mot Today the most appnned practice 
demands the use In new instii nations of struct in a I steel in»t 
only for the towers, but for the support of the machinery, 
framing of the buildings, which are <*o\ered with sheet metal, 
and wherever else required. 

The comparatUe recency of ail this may be appreciated from 
the fact that w^hlle a well for hi me had been sunk us earl> 
as 1806 at Charlestown, W Vu.. the first w^ell drilled for oil 
was the Drake well sunk by hand at Titusville, Pa, in 1859. 
The beam either in the form of a spring pole or balanced beam 
already referred to was emplojed by the Chinese and w^as a 
feature of early Installations in the United States. 

As suggested tills developed Into the four-legged braced 
wooden tower which by 1800 hud come Into general use, and 
as modified In many respects and of increased size is widely 
found today In the United States. The wooden rig had and 
has the advantage of speedy and easy construction and it 
could be readily strengthened in case it was found too light, 
while timber was generally accessible in the oil fields. Fur- 
thermore, in case the well proved productive the tower and 
power plant could be left in position for the pumping ma- 
chinery wh)ch w’ould take the place of the drilling outfit. 

It wlU be apparent that the arrangements mentioned are 
necessary to deal with the great depths involved in lowering 
drills, etc., and In fact with a well nidnlng over 3,000 feet In 
depth careful provision and adequate and permanent equfp- 



HTEEE TAPE MTC iK>W \ INTO THE WKDU 

MEASI HE THE PROHUESH lUirril 


ment must bo Installed The derrick which is from 00 to 110 
feet in heiglit is required to facilitate the liolstlng and lower- 
ing of the string of drilling tools, the casing, sand pump, and 
other adjuncts. At the top is the crown pulley over which 
passes the table, usually a 2'iuch munllla rtq>e which carries 
the string ot tools that terminate in the tlrJll or cutting bit. 
The cable is eoimected to a walking beam h\ a “tonuper screw,*’ 
slunvn in our illustration, which u1m» permits the drill to he 
lowered between strokes and its cutting regulated The walk- 
ing beam is carried on a “Samson jiost’* and Is connected at the 
oppoHlte end from the cable b.v a pitman wltli a so-called hand 
wdieel dri\en by a steam engine or <IIri*(-ll> attached to the 
WTist pin of the mam driving shaft, the object being fo give 
through the walking beam an up and down motion to the cable 
carrying the drilling tools The boiler Is usually located some 
distance from the engine for reasons of safety 
The drilling tools in size ami weight adapted to the nature 
of the material lieing penetrated and the depth of the ojiern- 
tion, are diilj lifted ami full under tlieir own weight, pulveriz- 
ing the rock. These tools are strung along In a formidable 
array and tlieir total length amounting to some sixty feet or 
so, In part is resiK>nslble for the height of the derrick. 
'J'ho arrangement of tools from the bottom up is as follows: 
First comes Uie drill proi>er or cutting bit, varying from the 
broad cutting edge found in the "spudding” bit used in earth 
or sand at the beginning of the bore hole to the drilling bits 
for rock, their cutting edges varying of course with the diam- 
eter of the hole The bits also vary In weight and are threaded 
at the top so ns to be screwed to the next element, namely, the 
augur stem a long stetd bar anywhere from 12 to 45 feet or 
so In length. Next the jars, a loose link arrangement 

capable of nl>oiit 16 inches movement, w^hose function is to free 
the drill by afTordlng an upw^ard Jarring blow on the up stroke. 
Then comes the sinker bar and finally the rope socket at its 
upper end. It will be seen that screwing the elements of the^ 
drilling section together can be done only by the use of large- 
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wrenclies which hold and turn the bits and other bars. The 
lllustrution shows a couple of these 200-pouud wrenches being 
used In screwing a drilling bit to the augur stem. 

Whllb the temper screw provides for the depth adjustment 
of the drill without removing the tools, >et from time to time 
these must be raised clear of the bore and new drills substi* 
luted. In that case the cable which passes over the crown 
pulley to the bull wheel is regularly wound up and the tools 
hoisted out. The loose niateriui such as the pulverised rock 
and sand is removed by a sand pun^p and a bailei^ with a dart 
valve at the bottom is lowered on a separate and small line 
paasing over Us own pulley and wound up on Its own wind- 
lass. It may be said here that the bailer in addition to clear- 
ing the bore also gives the Indications of the material that is 
being penetrated and samples are taken, washed, laid out in 
order, for the study of the driller, engineer or geologist, and 
truces of oil or oil bearing sands are carefully looked for and 
noted. 

It must not be inferred that the regular drilling operations 
begins at om'e in sinking the bore hole. There must be 
secured at first sufficient depth to permit the string of tools 
to be lowered and often the first drilling is through earth, 
clay, sand or gravel, where It may be i)osslble to sink a steel 
pipe directly or by hydraulic or otlier moans until rock la 
reached or the spudding tool referred to may be used. This 
tool as stated has a longer cutting edge, usually about 12 
Inches and is not operated from the walking beam but is 
attached to the cable aud lifted and dropped by means of a 
jerk line, one end of which is attached to a crank or wrist 
pin on the band wheel or main shaft and the other to the 
cable near the bull wheel. In this way a short, quick stroke 
is conununlcatcd to the cable and drill which cuts Its way 
through the surface soil or sand quite rapidly. 

At first some form of large casing may be Inserted in the 
bore or a drive pli)e Is lowered until rock Is reached. When 
the regular rock drilling begins the bore must be protected 



f 
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TORT TO SHOOTlN<» THR WRLT*. NXyTB XmiLL ALCm^BlDE 


from cu\ttjg or the Ingress of water by means of a casing of 
iron or steel pipe which is carefully Jointed sometimes with 
l>acklng rings and lowered down^ln the well; this operation 
of tlic pl[>e wTench arrangement being shown In one of the 
Illustrations, Usually Mn the case of a deep well the lining 
or casing diminhihes in diameter as the d^th increases much 
after the fashion of a telescope tube. 

The work of the contractor sinking the well may run 
smoothly knd therefore profitably to him, or he may encoun- 
ter difficulties that will diminish his profit or even Involve 
a loss The cable may break, droppihg the tools. The tools 
themsehes may come unscrewed or the stem may break. The 
easing maj drop Into the hole, or other mishaps occur, many 
of which Involve “fishing," often an arduous Job for which 
many tools are provided. Usually this work Is successful, 
but It may require that the bore must be abandoned and a new 
well sunk. 

Ordinarily enough Is known of the nature of the location so 
as to plan the drilling, and the size of the hole started de- 
pend.s upon thq number of times it is to be cased. Of course 
succes.slvel> smaller drills are used the greater the depth. 
The driller at the tenni^rlng screw is able to tell the nature of 
the material, for a rapid letting out indicates a soft rock 
such as coals or shales are being encountered, while the re- 
verse Is true for the hard strata. The drill on removal from 
working In soft material will have a muddy appearance, but 
if it has been cutting through hard shale the bit and stem 
will appear bright und polished, while in solid, hard forma- 
tions the cutting edge of the bit will be roughened In such a 
way that to the expert the “feel" will indicate conditions. 

If a well of promise is obtained, and also when it Is de- 
sired to lii<*rease the flow of oil or attempt to restore a dc- 
(*adent w^ell, the next consideration Is shooting in order to 
shatter the rock or pay sand at the liottoin and thus permit 
a treer flow to the well. This shooting or torpedoing is done 
by lowering a shell filled with nltro-glycerlne to an amount 



A •^JAiCK SQUliB" LOADED WITH DYNAMITE CAP AND 
FUSE HEADY TO BE DROPPlilD INTO A WELL FOB A gHOT 
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ffuflideiU to occupy the entire OiRtnncc oppoHitc the pay streak 
or sand and then exiilodiuK It by some form of detonator. The 
shell la Innu 3 to 5 inches in diameter and from 5 to 20 feet 
in length sometimes In sections and is detonated either hj 
means of a *‘go*devll/’ a leaden weight sent dD^\n on a cord 
to strike a percussion cap, or In more modern practUv, by 
a squib loaded with dynamite and having a time fuze as well 
ns percussion mecbanlsin, Avhlch Ih dropped to the boliom nnd 
there detonates the nitro-glyeerlne. 

The oil well is finished hy lowering a pii>e within the rasing 
through which the oil fiuws under natural pressure or Is 
pumped. It is then led U* field storage tanks and to pipe 
lines to the refineries or to st4»ruge tanks 

While in these unsettled tinw's it is of little value to refer 
to c^>St«, yet It may ho stated that under previous normal con- 
ditions the cost of dnlling ran from $1 to $15 a foot or na»re, 


the d€^pt»r the well the greater the wst and the rate of prog- 
ress was said to run from dO feet a day to 10 feet for the 
deeper bores It has been estimated that the <n>st of drilling a 
3,000-fot»t well under present conditions w(Hild run from 
$50,000 to $80,000 or more. 

The lllustratlonB shown and the metluKls des<*rihe<l aiiply 
only to the Ap^mlachlan field, but the nio<lltt<»atioos in other 
Amerii’^n regions, except perhaps In California, where there 
Is more rotaiy drilling, are minor W’lth the increased atten- 
tion given to oil de\elopinent there ha>e been Improvements in 
inuchinerj to which cimiipetent nus-hnnlciil engl tiers and manu- 
faetiirei’s have dliected tlieir attention so rhal much of the 
rough and readv CHiulpinent of earlier da>s has been sup- 
planted hy better mnchlnerv and devU^os There are also di- 
versities from Ameilcan pnutice in Caimda and of course to a 
much greater extent in foreign c<»untries 


Peat as a Possible Source of Industrial Power* 

Economic Factors Involved in Its Competition with Coal 

By Herbert Philipp 


T HF3 use ot peat as a souue ot lasil gix's luu k be\ond tlie 
hlstoiicui peiJod into the ancient Insloiy tif the earl.v 
tribes in northern (lerinan\ Plln>, the Uonian natural- 
ist, gives ns possibly lla* first Indication of t)u* use ot pea! He 
reports that tin* Teutons on the border of tlo' Xoitli Sea dried 
and burned mud, vvliat we now would <all peat In li eland, 
Great Hritaln, Russia, Seandmavla. (rerinaii.v, Iloliaud and 
parts of Frame peat has heeii used as a fuel sln<*e lime iin- 
tiieiiiorlal The peat was c\it from the b<»g vorv much in the 
same muiiner as it Is still being done in main parts of Europe, 
where it is cut in brick shapes, allowisi let di.\ m the wlml and 
sun and stmked up, just as the Aineihan laniiei piles 
his cord wood 

It Is onl> in the last seveiil.v M*ars that tinv piogiess has 
developed In this indusli^, and allluiugli very little has been 
done in I ids country to obtain efllclent results m using peat 
as a source of power, much <hii be expected in I lie near future 
of making this reMiuree valiialde and an e(<uioinlc facioi In 
our industrial life 

EXIEXT AMI KIKMVIIOX 0> PKVl IIKPOSI'IS 

Peat Is disintegrated vegetable matter a<*cuniu1iitefl In 
areas of poor drainage where tlie chemual de<omposit!on has 
been partl.v retarded ac<oidliig to a variety ot iHimlitions 
Some of the oondillons luive resulted in complete deea.v, so 
that the original suhstances have dlsapiieared, while others 
Imve simply resulted in the loss of more eaMl\ changed com- 
IKfunds nnd gaseous elements, the ninteriul retaining its origi- 
nal form nnd mechanical structure Tlie deposits of i>eat are 
not uniformly distributed over our country, but occur in prac- 
tically ev^ery state east of tlie Dakotas and north of the 
Carolinas to the Canadlun border. This is supplemented by 
deposits all along the Atlantic coast, the state of Florida and 
across Texas to the Mexican border In the IMpIfle cemst 
states are some an^as of pent deposits, esin'clnlly; in Oallfornui 
and In the valleys of some of the lakes and rivers of Oregon 
and Washington. It is estimated that there are approximately 
12,000 square miles of peat deposits In the United States of an 
average depth of 9 feet whleh would represent a total of about 
14,000,000,000 tons of fuel, provided the wh<de were con- 
verted Into peat fuel, which is no small resource nnd repre- 
sents a possible means of furnishing heat and power for ti 
considerable number of years. 

It Is only in recent years that peat has become of enough 
interest In this country to endeavor to classify the various 
kinds which are made. This work Is being undertaken by 

«Pap«ir read Wore tb« New ^rk Section of the American Klectro- 
chemteal iSoclety, Keh. UT, 1920. 


Dr Allrt'd 1* DachuoW'ski ot the I S Rui*cau fil Plant In- 
diHtr,v, and his initial attempt repr(»<eiiis an adiiiiralde con- 
trllmtion to our jieat literature The terms muck, liiitmis, 
moor, iiinrsh (ten), lK>g, lie.itli and ‘•wamp aie terms uvcd 
wltiiout any definite reJallon to the singe (»t Ui'velopment of 
tlie peat in tlie deiHjsit Tliese terms usually lehite to the 
marked pliysiognomy of v«*gctaiion appealing on the deposit A 
peat deposit tan be defined as a coiniuict actuiimlation of plant 
lemiiius <»f at least 8 to 10 iiulies (20 to 25 cm ) In thickness 
So dejiosit containing nioio than 40 per cent of mineral matter 
must he im hided in this definition Peat tleposits usually 
oceux upon gentle slopes, fiat areas, in shallow depressions on 
the eartirs surface which aie pCKirly drained so that the 
siirlace is ahvajs wet or c*>vcred by water 

Owing to tlie various conditions undei whicli peat deposits 
have been formed and to tlie various tyiH's of vegetable mat- 
ter composing tliein and also to the various locutions and cli- 
matic changes to which they have been exi>o«od, each deposit 
Is practically a study in itselt. Thei*e are possibly no tw*o 
deposits that are exactly alike, although a large number may 
i»e very Bimiliir in composition This explains one of the 
leasons why difflculiles have been met with In trying to work 
one deisisit by means adupitsi on another deposit 

OICOWTU OK rK\l INOr&TKV. 

A peat unliistry exists In this country, and lias grown stead- 
ilv the last twelve years till it now represents a real Industry. 
He»wever, only n small quantity of licnt up to the present 
time liiiH been manufactured for fuel purposes, the largest 
amounts being used in agriculture and in the fertilizer Indus- 
try. The statistics in the table show the amount of peat 
proiliiced and also the quantity used for fuel purposes. 

Crude Atr-Dri<d Prat aa<l Feat Fuel Produced in the United 
States. J908-I918 



Total Peat Pioduced 

Total Peat Fuel Used 

Year 

Sliort Tons 

Short Tons 

1908 

24,800 

900 

1909 

29,167 

1,145 

1910 

37,024 


1911 

55,143 

300 

1912 

47,093 

1,800 

1918 

33,200 

. , 

1914 

47,093 

1,026 

1915 

42,284 

, . 

1916 

52,606 

• . > . 

1017 

‘ 97,863 

.... 

1918 

151,521 

20,567 
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It will be nolwl Hint Uurlnu tlie Inst feu yeum the produc- 
tion of |M*nt luiH |krii<*tb*all> trelilod due to the extensive up- 
pllrntlori of this lunterlnl In fertlllzerh It will ‘be well to 
iiientfoii here tliut {H*ut In this eouu1r> Is generally eoitvpara- 
tU<d.\ nrh In nitrogen, niwl that Is the reason wdty the use 
of |Knil in ugrk’ulture is proiiurtlonutely greater In the United 
States The |>ent fuel pnxliu'tlon uus negligible until 1918, 
when the high prleo of eoai gu\e quite an iiniiotus to this in- 
dustry, and the fiitiue offers \er.v promising developments for 
a sueeesMful ix^at fuel Industry lu this eountr.v 

In Europe praetleally uH the ])eat whieh is excavated is 
ustMl for fuel purpost^s Since fs»al has hee<»me high In prl<*e 
and as far as we <un ileteimlne will reniulii so, peat becomes 
an eMHinmic factni in <air fntiiie Industrial progr<s)(8. 

M I Ml l HKs i«t PllODLC K CK \ P K(0\OM1CA1XV 

A large ruiinhci of attempts ha\e lieeii made^ln the past to 
produc(» peat fuel ecfmomically , hut the nuij<»rlty hn\e pro\ed 
urn ommer(*lu1 and we <*annot Hjanik of any sms'cssful pi*at fuel 
imdei takings hefoie 191S The large number of failures were 
fine to many factors whu*h were, chiefly, lack of capital, isior 
engineering, dlfli<^uUies of distribution, prejudwe, slock loh- * 
hing, and <ompetition of low pi Iced coal I'lcan this it wdll he 
seen that too mam efforts tia\e been made with small capital 
and p(s»r engineeiing ahtlity to allow the industry to get on 
Its feel, and that has for years gl\en the Industry a hud repu- 
talhkii and pre\eiited any attempts l>eliig made on a big scale 
ami has generally created ridicule In suggesting a development 
4if a p4‘at fuel Indtistrx Willi tlie present high price of fne! 
and the Inability to obtain a steady supply, a peat fuel indus- 
Iry Is now looked u|H>n as a reiiuiiierutne jKiHsIhllity 

Then* Is more Hum om^ way of ntIUzIng peat for the pro- 
duct h»n <if tndustilal iK»wer, yi'l wliate>er method Is used the 
|HMit must first he exiaxated from the deposit, and the eco- 
nomic excaMitlun of peal has ht*en the biggest hngtiear in 
the peal industry 

OrKKKMON fKXSimv ONfY 1\ DRY SK\»05. 

The a\eruge iH*at df^posU contains from 80 to 90 fier cent 
Mater, and that must he economically driven off to make the 
lH«ut avallahle as fuel It wall therefore be easily realized 
Hint fur every ton of raw peat excavated there is only 100 
to 400 Ih. of theoretically dry peat avallahle. Vent deposits 
vary, and according to Hie grade ol -decomposition they will 
dry 111 the air at \arhnis rates The more highly u {leat Is 
denmiposed lhi‘ more quickly will the moisture e\at)orate 
and the more flhroiis the material Is Hie moie slow Iv will It 
evaisirute This phenomenon Is due to the fact that the mois- 
ture present Is not all theie as ubsorlHsl moisture, hut the 
water present Is In Hie (vUs of the vegetable mass It Is 
therefore uecessarv In most cases to pass the iKsit through n 
pugging or maet*rating mill 

DKPKNDKNt K ON 1 0( A1 ( IlM VTK i ONWTIONS 

In order to obtain a cheap fuel It can be inferre<l Hiat peat 
cannot afford to he handled veiy mueh, and therefore the 
larger part of the drying has to take pUn-e on or near the 
deposit It Is manifestly nnfeiisihle to use any artlfldal 
heat for producing i>eat fuel However, there are (Conditions 
W'lie|ce waste heat can he used to advantage to reduce the 
moisture content of peat, as will be ahowii later. There la 
no cheaper method of drying than by nature herself, and the 
sun and wind lime to ac(*ompllsh the larger iiart of Hie 
drying In any development of a i>eat fuel plant This shows 
how deiiendent the Industry is on local cllmattc conditions — 
not only on the total hours of sunshine, but also on the winds 
and humidity of the atmosphere. Further, the teroiieratures of 
the season play a big factujt In the excavation and drying of 
t>eat ; It Is Imixisslble to excavate peat when the ground Is 
frozen. In other w^ords, enough material has to lie excavated 
lu the giKxl season of the year to supply a plant for the 
whole twelve months, and this Is the point that so many 


plants have fulled to realize, so that they have been forced 
to shut down for luck of material; The length of time that 
excavation work can take place varies with the location of 
each deiJosJt and due regard must be paid to the climate of 
the locality. 

MMHANICAL f<^CAVATI2«0 AND HANDLING APPABATUS. 

In most countries the peat is commonly used as fuel and 
the hand digging of peat is still used. The mechanical han- 
dling of peat, which originated In Germany, is only being taken 
up by dei>osits where large amounts of pent have to be exca- 
vated Where pent is used as an Industrial fuel, only mechan- 
ical excavating and handling apparatus can he considered. 
There are two possibilities of opening up a peat fuel deposit 
or peat bog; namely, the operation of excavating a dry pent 
lH)g and the excavmtlon of pent from an undrained swamp. 

In the flrst case that part of the deposit which is to he 
used Is drained, genomlly by preparing small ditches w^hich 
lead Into a malu ditch The deiKWSll is thed cleared and leveled 
so that the surface can he used as a drying ground These 
ditches should not he too deep and should not go beyond the 
depth of the deptksit to prevent In the latter case contamina- 
tion with mitiernl Hnl)Stun"bg||, It Is often necessary during 
the winter season to allow the water to u(‘cu inula tc In the 
defxwlt and In case the deposit lakes Are It can he quenched 
by allowing the walei to rl.se In the ditches. 

The imu-hlnes used for excavating the peat are generally 
<»f the slin|>U‘st form of (‘onst ruction and are similar to those 
used ordinanlv in ditching and digging. The modern tendency 
111 using iKkU'cr ditching machines corrix^onds to the types of 
side ctiain and bucket excavab»rs, which are very effective in 
peat wdilch is well decomposed, hut cause trouble In poorly 
deciiinposed deposits on account of tiee stumps which have not 
yet disintegrated These machines generally work from the 
side of the ditch, which has the advantage of mixing the peat 
from the different depths and thereby Kocuring a homogeneous 
product Gn account of th<y high cost of labor in this country 
the peat excavated, even in small plants, Is found to he done 
more economically by machines than by hand digging. The 
.steam shovel has ukso hetm used In Hus country and gives satis- 
factory results On accxiunt of producing homogeneous ma- 
terial and tin* ability to spread the iiiaterlal more easily on 
the drying ground, the chain and bucket excavator seems to be 
most favored. 

DlFFlCrLTILH TO BK OVEBCOMR 

In devising muchlm*s of this nature not only has the ability 
of exoavuting efflclenfly to be taken In consideration but also 
the expense and labor incurred In handling the material after 
it leaves the excavating machine As peat deposits will not 
hold a very great weight per square foot, thought has to be 
given properly to mount the machine so that the weight Is 
distributed us uniformly us possible The machines are gen- 
erally mounlixl on cars having wheels with very wide treads, 
which have on some deposits, even then, to be supplemented by 
timbers The more modern machines are provided with cater- 
pillar tractors, which have proved very satisfactory tn this 
kliMi of work. Where possible these machines are operated 
by electricity, otherwise the powder plant has to be Installed 
on the machine. However, this should be obviated as far as 
possible on account of the possibilities of setting fire to the 
deposit during the dry season. Peat fires can become very 
disastrous and are often very hard to put out. 

% 

NO STANDARD PKAT DIGGING MACHINES. 

There are no standard peat digging machines in this coun- 
try, and generally in each case they have to be designed to 
meet the local conditions. These machines have to be of an 
efficient form and 'provided with a hopper for receiving the 
peat which falls into a cutting or macerating trough, thus 
pulping the peat and cutting up its strands. These macerat- 
ing machines are provided with screw conveyers and on the 
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flame shaft can have knives for ouittnia; up the fibers, while 
other machines have sections pnivhlivl with both fixed and 
movable knives which work ioi;ether like the blades of scissors 
After the peat has passed throujarh the alx>\e‘inentloned ma- 
chinery, It Is then spread on the drying Krouiuls, which Is 
generally the surface of the dei^osit, and here exposed to tlie 
sun and wind. E\cr,> on(*e In u while a new surface of this 
layer is exposed and eventually the material is scrapeil to- 
gether and hauled to the plant. By this method i>eat origl-, 
nally containing 80 to 05 per cent winter (Min he dried down 
to 25 to 35 per cent water right on the field, and this mois- 
ture content is low' enough whore i»eiU is used la gas pro- 
ducers, but for cases wdiere It is used for making steam 
direct it should be drie«d down to about 15 iwr cent water, 
although 20 per cent Is frequently used . in a large power plant 
this can generally be acconiplisiied at the plant, where enough 
waste heal exists to reduce the nvilsturc (MUilent economically 
In excavating an undralned dei>oslt the machinery has to be 
mounted on a barge or fioat and either u dipper-dredge or 
pumping system Is used Both of t!ies(‘‘ mj stems are satisfac- 
tory; their use depends entirely on the local conditions, quan- 
tity of peat to h(' handled and its stage of decomposition In 
each case, however, the iieat has to lu* luindled on drying 
grounds after it leaves tlicse cxtMivatlng machines Highly 
decomposed pt*at can be ver.v efilcuuitl.v handled by pumping 
If very little fibrous matter is present in the dermsit 

< OHTh AND MKniODS Ob ItCHNINO I*K\T 

The cost of excavatnig and air drying peal governs the 
suct*ess or failure of a peat fuel plant All the cost involved 
In handling the peat from the deixisit to ils storage pile should 
not excised $1 30 per ton of tlieoretlcMilly dry pout The cost 
depends very much on the size of the excavation plant and on 
the climatic conditions My experleiur in excavating pent 
covers a cost ranging helw'een 25c and $1 30 per ton of Iheoiet- 
ically alr-drled jieat on tlie field 11 Is seldom that the 
excavation price exceeds $1 ]wr ton of i>eat, the average being 
In the neighlMirhood of 75c [hh ton of llKHiretlealh diied iM'al 
In producing power fiom i>eat we have available the siinie 
melhods ns are now used for coal, either firing peat direct 
under a boiler for raising steam or gasifying it in gas producers 
and using the gas In gas engines or under boilers and In fur- 
naces. Where Industrlul power Is produced fnmi peat. It is 
necessary to hamate tlie imwer plant at tlie edge of the deiK)sit 
or in very close proximity tlicrelo The reason for tills Is that 
the ha;ulling of large quantities of ptsil fuel involves several 
piohlems of a seiious nature, on account of its bulklness uiid 
low heating value, comiiared to coal, it ne<M»ssitate8 handling 
larger volumes and inirnlng an aiqirecudil.v larger quantity 
than IS the case wlion (xmi of a g(MMl quality is used for rais- 
ing steam. Furthcimore, very large slocks of iwmt fuel have 
to be held, and the sensildc heat contained In tlie flue gases, 
together with exhaust ateum, is used to advantage In reducing 
the moisture content of the air-dried peat Peat fuel gen- 
erally burns freel> to a fine. easll> handled ash. Tfius It Is 
practically totally (xmsinmnl and the haniiling of tlie ash 
Is reduced to a minimum 

ANALYSIS OF GOOD PEAT I'OLL, 

An approximate average analysis of a good peat fuel Is as 
follows : 

’ Per Cent 

Volatile matter 60 

Fixed carbon 30 

Ash 3 

B.tu., 8,500 

When peat fuel Is burned direct on a grate It Is necessary 
that not too much fine material Is mixed In the lumps and It 
Is therefore frequently advisable to ^rlquet the peat before 
using It for such purpose. Many peats have enough binding 
material present In Ihem and others wlH not hold together at 


all unless mixed with pitch or similar material. In making 
mncliliuvl pent it is advisable to form the bricks while the 
lieat Is still plastic and then let them dry. i$ome peat briquets 
form easily vvltliout the addition of any foreign binder, espe- 
ciullj' wlien heated up to about 100 d(*g O , when the natural 
purafilne present will hold the fs'iit In Ils form and produce 
briquets which are compurutlvely easy to tiamlle. 

lU-qr^^lTKS OF KOI1.EK tOR l^HlNCI PEAT FTFL 

The iioints to he considered in constructing a boiler for 
u**lng peat fuel are a large grate area vvllh very small air 
simces, large combustion chamber, and long Iravel for the 
flue gases. 15 Ih of i»ent jier sq ft. of grate per hr. has been 
found good in practice. Peat has a disadvantage in allowing 
unhiirned li.vdrocarlions and h.vdrogcn to escapi* In the ordi- 
nary combustion chanilier built for burning coal It Is there- 
fore net'essary to have a sijecially constnu'ted combustion 
chamber to Insure complete comluistlon when using this fuel 
Peat has another disadvantage, because when firing with peat 
the fire disir has to lie open quite a considerable part of the 
time, iMKjiuse men cannot handle as mucli i>eat on a shovel as 
(*<ml owing to its low si>eclfic gravltj However, if the peat 
is used as a pulverize<l fuel it will he found not onlV eco- 
nomical to pieparc Imt (MIi compete with coal more ndvun- 
tagetmshv 

When peat N dried, even air dried, It does not nlisorb mois- 
ture from lh(» atmosphere very readll.v, and even with 20 to 
25 iM‘r cent moisture content it has the physical cimructensticfl 
of 11 dried material. Piovided it has been properly niiK'crated 
it Is verj easy to pulverize and will not pack, running and 
behaving similuily to dried sand With these (Conditions, to- 
gether witli Its low s|)ecittc gravity and high combust Ihlllty, It 
makes an Iileal powdered fuel Pent has been used In this 
way In Sweden and has showm that it Is possible to obtain 
better calorific value than by inirnuig the jieat on a grate, and 
every iiidicntioii isnnls to the fact that i>eat fuel can be 
used pra(*ti( ally and commendallv for raising steam when 
used as a powder, so the future developments of the use of 
peat as an iiuhistriul steam raiser will tend to he In thia 
direct Ion 

COST AT WHICH PFAT (AN tOMPK'lE WITH COAL 

•J'lie iimxmmm cost ix‘r ton whUh peat fuel can stand and 
still comrade with coal is governed by the cost of steam coal 
at the place where Uie powder plant is located There is, how- 
ever, a fixed minimum c'ost, determined liy the (*ost of its 
nianuf act lire, below which peat fuel cannot compete with 
(sial. Peat used directly under a boiler for raising steam can 
generally compete with good steam coal costing $4 50 or less 
per ton or $4 oi less iw'r ton when the peat Is used In a pul- 
verized coiidillon Above this pi Ice where iwat deposits which 
are suitalde for fuel are avallalUe, they b<»<c()me a serious com- 
petitor of (Mail 'I'hc more economical method to convert peat 
fuel into ix>wer is to Imrn the same in a producer to form 
combusttlile gases and then use gas engines or burn the gas 
under boilers to obtain tlie desired results 

inasmuch as peat used for generating steam contains gen- 
erally from 16 to 21 per cent moisture, le.sa water Is evaporated 
than would he the <*ase If peat wt're theoretically dried. Peat 
of this nature directly on the grate will evaporate on an 
average 4 Ih of water per Ih of peat, while pulverized peat 
evaporates about 5.25 lb of water per lb. of peat powder. 

PEAT PRODTTCER 0A8. 

The most economical method for producing power from 
peat Is to convert the peat Into combustible gases in a specially 
constructed gas producer, or If the gas contains any nitrogen 
to bum the same In a byproduct recovery producer. Since 
several of the peats examined in this country have a high 
nitrogen content, It would be possible to recover the largest 
part of this nitrogen In the form of ammonia. 
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The commercial use of peat in gua producers seezus to have 
been successful in Germany and) Sweden^ where they have 
been used for several years in metallurgical operations, brick 
and glass making and in lime burning. Tests have been made 
on this continent both In Canada and at the fuel-testing sta- 
tions of our Government, where It has been shown that gas 
of good calorific quality can be produced, similar results being 
obtained as in producer gas from bituminous coaU About 40 
cu. ft. gas is produced from a pound of peat having a calorific 
value from 130 to 150 B t.u per cu. ft. These producers have 
the great advantage that iHsat containing as high as 25 i>er 
cent or over of moisture can be used. The most economic 
method of course for using tills is for driving gas engines, but 
engines of large units have not yet proved very satisfactory 
iu this country In Europe they are operating and have been 
for a large number of years apparently with a high degree of 
satisfaction It therefore appears that for the present it 
would lie ttM»st desirable to use this gas under boilers for 
raising sleain, 

ammonium SUIPHATK HUCCESSFUU.Y nKCOVEUED ABKOAD 

AVhen the peat contains nitrogen, the latter is converted In 
the producer to ammonia, which can be recovered as ammo- 
nium sulphate and prove very profitable There are several 
plants in existence in Germany, Italy, Holland and France 
whore the Mond producer, modified by Lihme, is working 
\ery successfully. In these producers, gas of about the same 
quality and quantity as described above is obtained and in 
addition thereto about 80 per cent of the nitrogen Is recovered 
as aminonlum sulphate These producers are very useful to 
the peat Industry inasmuch as peat containing as high as 42 
per cent moisture can be used salisfactorlly. In Germany 
peat containing 50 per cent water and 105 per cent nitrogen 
has been opt^ratlhg for cigJit years or more delivering a gas 
of 160 B.t u. and producing 70 lb. of ammonium sulphate i>er 
ton of theoretically dried peat The nitrogen content of the 
Italian peat Is 2.8 per cent and they recover 215 lb. of ammo- 
nium sulphate per ton of theoretically dried peat. 

Previous to the war the peat was excavated, dried and 
conveyed to the producers at a cost of 00c per ton of peat 
(theoretically dried). In an ammonia ^eco^e^y producer the 
ammonium sulphate obtained will generally cover the total 
cost of the peat and also the maintenance and operating ex- 
pense of the gas plant, and even then show a profit. When 
peat has to be converted into combustible gas it is very easy 
for a power plant to take this gas and use It for raising steam 
or generating po\Yer by direct explosion in a gas engine. The 
gases from a peat producer arc composed on an average of 20 
tier cent carbon uKmoxide, 9 per cent carbon dioxide, 1 per 
cent ethylene, about 4 to 5 per cent methane and 6 per cent 
hydrogen; while an average gas from an ammonium recovery 
producer contains 10 per cent carbon monoxide, 20 per cent 
carbon dioxide, 20 per cent hydrogen and 5 per cent methane. 
The building of large gas engine units to use low power ga.ses 
cannot be an impossibility. Since this has been achieved sat- 
isfactorily in Europe, our American power engineers must 
make up their minds to design an efficient engine of this type, 
else they will have to be Imported from Europe. The power 
engineer can easll> renllxe from the figures given that w’e ha>e 
here an economical and cheap source of power, but it roust be 
realized that economic results cannot be obtained unless large 
installations are designed and that our capitalists must he 
willing to break a new patch In developing and utilizing a re- 
source so easily obtatnubJLe 

CONCLUSION. } 

There is no difficulty whatsoever In either using a peat for 
steam raising as a powdered fuel or using a peat In a gas 
producer. The difficulties, or better the fallings, in producing 
peat as a source of fuel lie In the lack of attention which has 
been paid to the excavation and drying of the same and the 
poor engineering ability which has tried to overcome these 
troubles. 


RUNNING MARTIN FURNACES WITH COLD COKE 
OVEN GAS. 

Fr. Sprinoobum reports on recent attempts carried out at the 
Hoesch Steel Works to^heat Maftln furnaces with cold coke- 
oven gas. 

The experiments were started in 1918. A SO-ton furnace, 
heated with producer gas and fitted with ordinary ends, was 
altered according to Mttrz^s suggestions and heated with coke- 
oven gas. These attempts having proved satisfactory, a second 
30-ton furnace was laid down In 1013, while In 1914 three 100- 
ton furnac€*s were installed In the new Martin steel works to 
run off coke-oven gas. As regards the modifications made In 
the furnace for the new system of heating, mention may be 
made of a new wrought iron water-cooled tuyere 120 mm. 
diam. which was built In for conducting the gas to the hearth 
space The tuyeres have proved very satisfactory. Experi- 
ence in working has shown that the calorific value of the gas 
is the deciding factor as regards the economy of the method. 
At the outset this value was 4,300 to 4,500 large calories, the 
gas consumption working out at 800 m.* per ton of steel pro- 
ductHl. In this connection the larger furnaces were more 
satisfactory than the small ones 

The duration of a 30-ton heat was 5 to 6 hours, and of a 100- 
ton heat about 9 hours Later on, the extraction of benzol and 
other factors caused the calorific >aluo to deteriorate and it 
fell to 4,000 cals , the duration of heat rising accordingly. In 
tlie case of the 30 ton furnace, melting at a calorific value of 
3,800 cals, was uneconomical, wliereas the larger furnaces 
were less sensitive 

Const (leral do hearth space is required for the perfect com- 
bustion of the coke o\en gas, as the velocity of admission is 
high and the fine jet of coke o>en gas must flr«t of all be ex- 
panded by heat so as to mix thoroughly with the air. 

The writer Indicates the foUowdng advantages attendant on 
heating Coke oven gas Is anhyilrous and poor in sulphur, so 
that 11 is iMjssible owing to tJie high hydrogen content easily 
to provide a reducing atmo^iphere over the bath, which la of 
great advantage in the production of high-quality steel for 
preventing excessive oxidation and decarburizatlon The 
manganese consumption is low’or throughout than when work- 
ing with prmlucer gas. Coke oven gas burns with an almost 
Invisible flame, &o that the whole bath can easily be inspected 
In addition, n saving was effected iu refractory bricks, In 
wages and steam ; and, fnrtlier, running on producer gas can 
be entirely excluded— 87a/)/ warf Eisen, Jan 1, 3920; Zeit- 
schnft f/c« VeretncM deutachcr /«araici/rc, .Tan 24, 1920, Ab- 
stracted by 2V<c Tvthnwal Reviav, 


METHODS OF DRIVING BLOWERS IN STEEL WORKS. 

Tins article, of wdilch the present conclusions form the final 
instalment, discusses the relative merits of different kinds of 
drive for blow^ers in view of present day conditions. 

In arriving at any estimate of the cost of running, the 
two factors should be considered, viz : (a) the price of coal 
will be much higher than pre-war prices for a long time to 
come; (b) all large steel works In Germany have turned over 
to 3-phase current for power transmission The author there- 
fore thinks the blower of the future will probably be either 
(1) driven direct by the gas engine; or (2) by a three-phase 
motor suppl!e<l by current from the gas generating station. 

The assumption that with electrically driven blowers a mo- 
tor of the same power will be necessary as would be required 
with the direct-driven blower Is wrong, as a blower drive Is 
of an Intermittent character In which no-loud, hot-blowing, 
charge-blowdng and intensified blast alternate. The author 
cites an actual example of a Mower operating in a certain 
works, and gives figures w'hleh show that the power station 
will, on an average, have to allow for a load of one-half more 
than the consumption of the blower. — ZeU$ehfift det Fereiites 
denUcher Ingenicure, Jan, 17 and 24, 1920. Abstracted by The 
Technical JfetHeir, 



Three New Sources of Fuel Alcohol* 

Production of Alcohol from Molasses, Wood Waste and Acetylene 


G ermany which, prior to the war manufactured alco- 
hol only from potatoes and grains, when compelled by 
the Allied blockade to conserve its food supplies, re- 
sorted to different methods of alcohol production, some of 
which were formerly commercially Impractical and others 
entirely unknown In that country. These include the following 
processes ; 

a. Process based on the use of molasses, 

b. Process utilizing the sulphite liquor of plants for the 
puriiAcatlon of wood pulp. 

c. Process consisting in saccharifying wood and fermenting 
the sugar thus produced (grain alcohol from wood). 

d. Process of generating alcohol by the hydrogenation of 
acetic aldehyde, which In turn is obtained by fixing the ele- 
ment of water on acetylene (carbide alcohol). 

The Gierman governmeut assumed full charge of alcohol pro- 
duction, and It was feared in the industry that this step, 
which was taken as a war measure, would not be rescinded, 
but would result in an alcohol mon<H>oly In the future 
This project of an alcohol monopoly was adopted on Its 
third reading by the Reichstag, on July 18, 1918, by the 
Bundesrath on July 19, and finally promulgated as a law on 
the 26th of the same month. 

In the text of this bill Is found some very Interesting In- 
formation on the new processes (b, c and d) referred to in 
tlie foregoing. There Is no need to refer here to the fiscal 
character of this law, but the technical appendices will be 
of Interest to our readers, and a translation is here given. 
Aside from the technical information contained therein, these 
appendices furnish general Indications regarding the eco- 
nf>mlc values attributed to the different niethotls at the time 
In cellulose plants, the wood pulp is boiled in an aqueous 
solution of bisulphite of calcium, in order to purify the cel- 
lulose contained in the wood, by the elimination of materials 
with which It is impregnated. Up to quite recently, this 
bisulphite solution, after it had once served Its purpose, was 
uot recovered, but was drained off and often caused great 
damage. 

During the early part of 19(X) it was discovered that the 
waste liquors of German cellulose factories contained a lit- 
tle more than one per cent of sugar, and it was found that 
from IfiOO cu. ft of this waste liquor it was possible to re- 
cover from 42.6 to 60 gal. of alcohol. These results were 
verified in 1915 by renewed exiperiments. The discovery, how- 
ever, was never put to practical use In Germany, for the reason 
that the manufacture of alcohol from sulphite waste liquors— 
in view’ of the fiscal regulations concerning alcohol then In 
force— would have yielded no profit. Moreover, the often ex- 
pressed belief that by the treatment of the sulphite waste 
Idquors for the production of alcohol (that Is to say, by the 
elimination of the sugar content),^ the delicate question of 
w’aste liquor disposal would be solved, was not a sufficient 
Incentive, In Sweden, on the other hand, the manufacture of 
alcohol from waste liquors was successfully taken up during 
the year 1909, and in that country there are now numerous 
plants for the production of alcohol from sulphites. 

Under the compelling Influences of the war the manufac- 
ture of alcohol from sulphite waste liquors was taken up 
anew In Germany, and the experience gained in Sweden was 
turned to good account 

The process for recovering alcohol from sulphite liquor 
comprises three operations, as follows: (1) The prepara- 
tion of the waste liquor for fermentation; (2) the fermenta- 
tion of the sulirtiltlc must, and (3) the distillation of the 

fermented sulphite solution. ^ 

*Steprinted from AsloswWvs /nlftittrlM, Jan. S, 1020. 


Sulphite waste liquors contain, in addition to sulpiiuroua 
acid, which interferes with the fermenting action of the 
yeast, acetic acid and formic add. These acids are elim- 
inated partly by blowing air through the waste liquors, after 
they ha\e been raised to a temperature of 186-103 deg. fahr., 
partly by the addition of carbonate of lime and of a little 
slacked lime. The neutralization must be carried to a point 
necessitated by the subsequent fermentation. This Is ac- 
complished in concrete tanks In which the waste liquor Is 
allowed to remain for some hours in order that It may be- 
come clarified This is followed by another clarification of 
the liquor from which the mud has been separated, which 
is accomplished In a reservoir which serves for filling the 
fermentation vats. The waste liquor is then transferred to 
a concentration tank cooled by air, in which at the same 
time it is cooled, saturated with air and concentrated to a 
certain degree. 

Feruieutution takes place in tanks of 8, 560 cu. ft. ca- 
pacity, with the aid of a very active yeast, which has been 
slowly aceuHtoined to the conditions which the fermentation 
of the waste liquor presents, and which is continually trans- 
ferred from a tank in which fermentation has been completed, 
Into a fresh tank. The sulphate waste liquor contains Insuffi- 
cient quantities of nutriment for the yeast, and for this reason 
there is added either ammonium sulphate, or super-phosphate, 
or, on the other hand, a yeast extract which la prepared In dis- 
tilleries with waste liquor containing an excess of yeast. The 
fermentation takes place at 84-86 deg fahr., and on the aver- 
age requires 72 hours, producing from 66-72 gal. of alcohol 
from 3,0<)0 cu. ft. of waste liquor. 

The alcohol contained in the fermented waste liquor is 
elinfinuted In large distilling apparatuses, in which, on ac- 
count of the small alcohol must content (0.9 to 0.96 per cent), 
and on account of the large quantity of liquid to be treated, 
the application of heat is especially advantageous. The must 
contains volatile, organic acids, and filters of sodium carbonate 
must be introduced during the distillation. The distilling ap- 
paratus may also receive a charge of a solution of sodium 
carbonate 

In some plants, the unrectlfled alcohol obtained from bl- 
sulphitic waste liquors still contains a small amount of sul- 
phuric acid. The only thing to distinguish it from unrecti- 
fled alcohol obtained from potatoes is the small content of 
methyl alcohol and of aldehyde. Small quantities of fusel oil 
are also often found in It. The crude alcohol Is materiaUy Im- 
proved by the use of distilling apparatus working on the prin- 
ciple of separating the head, In such a way as to obtain, by 
the separation of tiie heads (representing 10 i>er cent of the 
total) a sulphite alcohol susceptible of being denatured and 
the heads purified 

The purification of sulphite alcohol does not present any 
spp«'ial difficulty. It should be iKilnted out, however, that 
rectified sulphite alcohol still contains a little wood alcohol 
which can be separated from It only with difficulty. Sul- 
phite alcohol may be employed for all purposes for which 
potato alcohol is suitable. 

If we assume a yield of 10.7 gal. of alcohol per ton of 
cellulose (which corresponds to 0.9 per cent of alcohol in the 
fermented liquor), the German sulphite dlstlUertes with the 
plant Installed by them during the war, in one year can furnish 

116.000 hectoliters (8,000,000 gal.) of alcohol (correq[K>nding to 

1.044.000 metric quintals, or nearly 100,000 tons of potatoes). 
The total production of the cellulose works working the sul- 
phite process being approximately 600,000 tons per year, in 
peace-time, by the treatment of all the waste liquors for the 
production of alcohol, it would be possible to obtain annually 
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C,400,<K)0 gal. of alcohol (ropreKeiitlng ii couHuiiiption of 240,000 
t(niH of potatoea). Whether the ceUuhwe factories ex- 
tend their alcohol pro<Ui<*tlon will depend ui)on what progress 
U made with other methods of utilizing waste liquors. The 
small (t.*]1ulose works, which during the war could work part 
itf their waste liquors for the purpose of pr4)duelng glues, did 
not (‘onsider it of suiflelent Iiiqi^irtance to elect plants for the 
production of ah'ohol. 

K ' COST o> rnODMIlON 

The Cf)St of produi lug alcolad from sulphite la still unde- 
termined A diminution of the cost will not he possible until 
after the fruition ot efforts harking towards the cciii<‘entrHtion 
of the vinuMse derl\ed from the einpt.\iiig of the sulphite must, 
and toward the prodintion *»f imdh>l alcohol, acetone, acetic 
acid, and cellulose wax by the dr.> distillation of this muussp 

From the remolest antiquity, alcohol has been ol)taIned from 
the saccharine Juices of plants, and from \egetiible mateiial 
containing starch Experiments wUh the object of pic^parlng 
alcohol from 4*ellulose — the (Mirbo- hydrate of the greatest Im- 
IMirtame next (*» sugar and starch — w'ere attempted onh at 
a relatUelj late date. Jn 1819 It was found possible, by 
treating (*ellulose means of concentrated sulphuric rickl, 
to obtain a fermeniable sugar, dextrose The production of 
alcohol frcnn the lelliilose contained In wmkhI seemed at ttrst 
an Insoluble problem. In spite of numerous researches Not 
only does the need of large quantities of sulphuric acid for the 
transfomiatiim ot the <x‘nuh»M' Into sugar occasion hea\y ex- 
)»ense, but It also lii\(»hes great technical illtticultles, which are 
due to the fact tliut It is necessary to separate the acid from 
the dilute sacchaiine wdutloii 

Since 1890, chemists ha\e i»ald renewed attention to the 
problem of obtaining alcohol from suhstances containing cel- 
lulose, as Is oldenced by the luimerous patents Issued on 
the subject <lurliig that is'rlod The latter generally relate 
to the transformation of cellulose, under tlie inl1ueiic*e of a 
dilute mineral acid, and the inujrtrity effect the tins ess in 
close vessels under pressure Attempts have been made to 
saccharlze the eellulost' cxmtnlned In peat, either b> heating 
It for a long period In contatt v\lth an acid at atmosjdierlc 
pressure, or by heating It for a short time in contact with 
an acid under high pressure The saccharine solution ob- 
tained by flltratlun must be treated with chalk in coder to 
diminish the acidity, and then he suhinitted to fermentation. 
For the sacchurization of wood and of wood waste, numerous 
processes have lieen evolved, whl<*h utilize either sulphuric 
acid, sulphurous acid, anhydrous sulphite or a mixture of 
these, with the use of steam under pressure In all of these 
processes, tlio sugar derived from the wood should he re- 
covered by drainage. The aqueous saccharine solution 
should, after neutralization of the add, he prepared for 
fermentation. Undoubtedly, this process permits of a jleld 
of 14 to 28 gal of alcohol per ton of A\ood in the dry state, 
starting with wood waste, which up to now wuis burned as of 
no value. NevertheU^s, In Germnn>, alcohol dcrl\ed from 
v\<hh1 has not been able to convpete with alcohol from po- 
tatoes, on account of the excise tax Imposed It Is for this 
reason that none of the attempts In Germany to nmnufao- 
lure alcohol from wood have passed beyond the laboratory 
stage On the contrary, In France, England and the United 
States the manufacture of alcohol from wood has entered 
the doinnjn of practice In one plant in the Uniteii States, 
which is said to have an annual output of 500,000 gnl , the 
yield varies from 15 4 to 22.8 gal. of alcohol per, ton of 
dry material 

In Germany a beginning was made In the spring of 1916 
in the manufacture of alcohol from wood, with the object 
of conserving the potato and molasses supply. The Classen 
process on the one hand, and the process of Wlndeshelm- 
ten-Doornkaat, on the other, proved themselves best adapted 
for practl<*al application. By the Classen process the saw- 
dust is heated for 40 min. In rotary caldrons, with sulphurous 


acid, under u steam pressure of 7 atmospheres (313 deg. fahn). 
The steam Is then allowed to expand as rapidly as possible, 
and the saerharized wood must Is emptied out Into dlffosers. 
The sacciiarlne solution obtained by diffusion Is neutralized 
up lo the necessary point In tanks c*ontalnlng an agitator, an* 
addition of table salt is made, and the mass ts allowed to 
ferment in fennenring tanks with pressed yeast, or beer yeast. 
Tlie alcohol formed Is ser^arated In the usual distilling ap- 
paratus With the Classen process one may count on a 
> leld ol at least 14.5 gal. of alcohol per ton of dry material. 
The procjess has been improved, so that the yield already 
has been increased to 20 and 25 gal., and it undoubtedly will 
be still further increased. ^ 

Hy the Wlndeshelrn-ten-Doornknat process, sawdust is 
lieated with diluted hydrochloric add In the presence of 
cntallzer.s (metuUlc suits), in rotary caldrons, under a pres- 
Mire of 7 to 8 atmospheres (380-340 deg. fahr ) for 20 to 30 
inln The flnnl treatment of the saccharized sawdust Is the 
same us tJuit already desexihed. This process, which is prob- 
ably sublexi to improvement, fields a minimum of 7.2 gal. 
of alcohol i»er l.tKK) lb of w’ood in the dry state 

The uli'ohol jn-oductlon plants under construction will work 
according to these two processes. The choh'e between the 
two will depend upon the kind of add most uvullable, and 
upon the ulctdiol yield which will be obtained. Germany pro- 
duces fi*om 500,000 to 1,000,000 tons of sawust, suscepti- 
ble of being treated for the manufacture of alcohol The 
al(*o!iol factodes i«>ssesa a total of 51 caldrons capable of 
handling one ton of di*y muterial each By working day 
and night, each caldion can handle 10 batches of material 
<luUy, or — figuring on 350 w’orlclng days a year — 3,600 batches 
yearly That Is to say, working to full capacity, It will be 
p<m8lble to treat 178,500 tons of wood annually on the dry 
basis, or 2.HS,0(K) tons of sawdust If one figures on a yield 
<if 14 4 gal of alcohol ton ot <lry material, a total pro- 
dindion of 2,570,000 gal of alcohol per year Is arrived at, 
which Ih wiulvnlent to the yield from 106,000 tons of potatoes. 
If the yield can he raised to 24 gal of alcohol per ton of dry 
wxiod, as Is to be expected, the prcnluction of alcohol will 
amount to 4,190,000 gal (coiresiiondlng to 176,000 tons of 
potatoes). 

It IS still impossible to give any data regarding the cost 
of producing alcohol from wood. It Is certain, however, 
tliat It IS mmdi higher than that of alcohol from sulphite. 
The production of alcohol from wood can become commer- 
cially practical only it the wood acted uiam, when deprived 
of its sugar, can be utilized as feed, or rather if it should 
prove tiohslble to obtain from it acetone, wood alcohol and 
other products of dry distillation Tlie necessary research 
work has not yet been earned out, and at present the only 
u'^e that can be made of the heat value of the residue of the 
saccharized w’ood, Is to use it as fuel under the hollers in 
the alcohol plants. 

The unrectified aktihol <»btalned from wood contains as 
impurities small quantities of aldehyde, wood alcohol, “fur- 
fiirol” and fusel oil. The rectification of the alcohol, how- 
ever, presents absolulelp no difficulties. Inasmuch as the 
raw ahxihol made from wood, on account of its low alcohol 
ctmtent, cannot be denatured, and therefore cannot be em- 
ployed for industrial uses, purification readily yields an al- 
cohol which Is sufficient for the requirements of powder man- 
ufacture. It 18 still necessary to determine experimentally 
whether the recovery and commercial utilization of the by- 
products, such ns furfnrol, will not permit of reducing the 
cost of producing alcohol from wood. 

MANXJFACTUER OK ALCOHOL FBOM CALCIUM CARBIDE. 

When lime and coke are heated to the temperature of 
the electric furnace, about 5,000 deg. F., a new chemical 
coxwpound Is obtained — calcium carbide. Of all the numerous 
carbides known, the carbide of calcium Is industrially of by 
far the greatest importance, and for this reason it is gen- 
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erally called simply (*arbl(le. It Is decominwed by water, 
forming acetylene, with a residue of lime* If ui*etylene is 
Introduced Into a heated, diluted acid, in the presence of a 
ngarewy compound, aldehyde (acetaldehyde) Is formed, the 
components of water being fixed upon the carbide. Aldehyde 
is a very volatile (^nbustlble liquid, of penetrating odor, 
which combines with hydrogen in the presence of certain 
metallic catallssers. such as nickel, pioducing ethjl alcohol 
(grain alcohol). 

As the ncld used and the mercury compounds or other 
metallic catu Users are not modified In tlie proce«»a, or In 
any case are capable of l>elug returned to their initial state 
with only small loss, and as the hydrogen may bo produced 
with coke and water, tiiJs method of manufacturing alcohol 
requires only coal, limestone and a rathei small amount of 
heat. 

In the manufmdure of alcohol from carbide, the following 
expenses are Incurred* l — Manuftictun* o*f carbide, for 
1*000 gal, of al(*oliol it well, In tlie present state of the 
art, to cx)unt on ai)proxluuitel> ur» tons (»f carbide, for the 
produdlon of wldch 24,000 kilowatt brs , 8 tons of coal and 
12 tons of limestone are necessary If cheap power Is ob- 
tainable In the neighborhood, as, f(U' nistarn*e, wuiter iiower, 
or power obtnlii**d from <*lieap fuels, such ns lignite and 
peat, the coat per kilowatt liour may be as low as 2 pfen- 
nigs, in that case, the )M>wer ciist foi l.OtKt gal of caibide 
may be set down at 240 marks Tlie cost ot the raw ma- 
terial, charcoal and limestone, ts api>ro\liuately 00 marks, 
the cost pprlce of carbide preMoua to the war In (Jerinany 
was 112 to 1ir» marks i>er ton E\peilen(‘e Imllcutes that 
these figures represent the low*er limit, and this statement Is 
corroborated by the figures previously gi\en. As tar as can 
be Judged at present, small plants, or those not favorably 
situated, could not produ(*e at this figate What the price 
of carbide may be after the war can only i>c nuiject tired It 
should be pointed out, how'ever, that tiie cost of packing 
for the retail trade, which must lie of such a character us to 
pre\ent all moisture from readiliig tlie caibido, whieli imt 
18 not appreciable, need not be considered here, and that 
the overhead expenses connected wltli tlie manufacture of 
carbide at wdiolesale need not play «i \eiy iniiMirtant part 
Moreover, the amount of 2 pfennigs per kw hr does not 
seem to be the inlnmiuin at wliidi jniwei can be dclUcred In 
(Germany 

2 — The iTiainifacture of acet>lene from carbide does iiol 
In\ol\e any special e\|)enses foi otlier raw^ materials, for the 
decomposition of carbide Is efi;e< ted hy means of water, and 
the purification of tlie gas is ofTected by dilTerent purifying 
masses of wblcb some are clieap in themselves, while others 
are capable of being regenerated, among tliese lattei figuring 
<*om])oun<ls of <*opi)er, clirome and lead, as well as ot <'blorlne 
and lime. The yield to be exiiected Is 80 gal, equivalent to 
0H5 lb of nc*etylene per jiound of carbide of good quality 

H— Tlie following oiieratlon, that is to say, the transforiiiu- 
tion.of acetylene Into aldehyde, does not involve the con- 
sumption of any important amount of raw material, Imt does 
involve the consumption of a large amount ot energy Up 
to the present. It involves only slight losses. The yield, 
according to Information furnished by the plants (of which 
none has l>een In oiawntion for any great length of time) 
la at most 90 per cent. 

4 — ^A most Imjiortant Hem In the final operation, the pro- 
duction of alcohol. Is the consumption of hydrogen. In order 
to obtain 1,000 gal. of alcohol, It has been calculated that 
It Is necessary to consume at least 53,000 cu. ft, of hydro- 
gen, which can be obtained at about 2.25 marks per 1,000 
cu. ft., this low price being made possible by the low cost 
of the raw materials. In spite of the expensive Installations 
necessitated for production and purification. 

Assuming that all conditions 0re favorable, that Is to say, 
that the location of the plant is wisely chosen, and that 
operations are conducted on a sufflderitjy large scale, one 


may* count on a cost price of 000 marks per 1,000 gal. of 
alcohol, equivalent to 90 pfennigs jier gal, this including 
the cost of raw materials To thl8 must be added some- 
thing for dciireclation of plant, salaries, etc., items w’bich 
are rather difficult to esHmate In advamv The purifica- 
tion of the ah-ohol obtained should not present any greater 
difficulties tlian the purifli’ation of ab*oltol obtained by fer- 
mentation. As a result of the metliod of preparation, It 
does nut contain any sccondtau*y product of fermentation 
known under tlie name of fusel oil, on the other hand, it 
may contain some sulphuric, phospiioric and arsenic com- 
bfnatlons and certainly there will be aldebyde and siib- 
Mauces derived therefnam Tlie best samples so far pre- 
sented to tile government represent a tine industrial alcohol 
Wr'hlch can lie used In most industries 

CKIll- (AIXI^ATION. 

The preceding price calculatifiris are confined to a certain 
extent by tlu^ condlHons of a contract under which a Lon? a 
(Switzerland) concern has engaged to furnish alcohol ob- 
tained from carludc to tlie Swiss government The price of 
the rectified alcoliol, ac<*ordIng to the contract, Is to be 1,330 
marks per 1,(Xi0 gal , the Federal administration taking de- 
livery at the plant in Its own tank cars From a certain 
-point of view, the oiieraifng conditions of the plant at Tjonza 
should lie better than could geneinlly be obtiiined in Ger- 
many . Undoubtedly this plant gets its iK»wer at less tlian 
2 pfennigs i>ei kw hr. Near the gieat waterfalls In Nor- 
way, there are large ])lants which olitain ixiwer at ap- 
proximately 0.1 pfennig i>er kw hr (in tlie other hand, 
the contract was closed on tlie ImisIs of high ct>st of coal 
(36 marks per ton) The <*<)st pri(*e of the l-*onza plant 
(which is a private enterju'^^**! estimated at a little 

more than 110 iimrks jier 100 gal ot alcohol 

It should not be hmt siglit of that smh calculations are 
subject to numerous causes o1 error, which are difficult to 
estimate If, for Instanir, tlie K^st of the kw hr becomes 
greater than that prevlouslv given, as iiiiiy easily happen in 
certain parts of Germany, If the vleld ot aldehyde or alcohol 
IS a few per cent less than that assumed, or If the renewal 
of the carbide furnaces occasions gi eater expense than that 
provided for, and, finallv, it the royalty to be paid on the 
patent is added, the isist price of al<*oiiol from ciirblde may 
c<ime somewhat higlier than that arrived at above A pri- 
vate corjMiratlon, wblcli has cairled on experiments on n 
Ktnjill s<*nle, has rein hod the coiu4iisjon tliat alcohol derived 
from carWde cannot easily compete wltli alcohol of fermenta- 
tion, even If taxation should be tin* same 

Tlie process outlined above is so far the only one vvhidi 
has lieen applied on a large scale However, it is not the 
only one tlaswclically iMissilde. One may also ctmcelve of a 
process in which no aldehyde is yiroduced, but only ethylene, 
hv the addition of hydrogen to the acetylene. It is an easy 
matter to pass from ethylene to ethyl alixihol, by a process 
which has been known for a long time This has recently 
biSMi more closely investigated, but It is not yet possible to 
give any" Information regarding its siic<*esK 

1 lants ulreatly in existence in Germany for the manufac- 
ture of carbide and those whose construction has been de- 
cided UiKm, will furnish annually from 4(X),<X)0 to 450,060 
tons of carbide, when operating to full capacity. After de- 
ducting the quantities of carbide necessary for llghling, for 
metallurgical operations, etc, there remain nearly 400,000 
tons for fertilizer or for alcohol, and this would produce 
66,000,000 gal of alcohol. 

It remains to be investigated what Influence the calcium 
cy*anamide obtained from carbide may hkve on the produc- 
tion of potatoes, and thus on the production of alcohol. 

One pound of carbWe when heated with nitrogen furnishes 
3.25 pounds of caldnm cyanamide, containing approximately 
20 per cent of nitrogen, and considering that it is customary 
to count on a gain In yield of 100 pounds of potatoes per 
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X>ound of fixed nitrogen In the fertilizer, the ude of one pound 
of (*arbide for the manufacture of nitrogenous fertilizers 
would result in a gain In production up to 25 pounds of po- 
tatoes, etiuivulent lo 0.183 gal. of alcohol; that is to say, 
more than four times the amount of alcohol which may be 
obtained directly by cheiuh'al process. 

On the other hand, if one considers that calcium cyana- 
mlde is now the lowest priced fertilizer, and that the grow- 
ing of ipotatoes usuull> has a Nery favorable effect upon the 
following other crops, the direct manufacture of alcohol from 
carbide cannot be considered seriously until the agricultural 
demands for nitrogenous fertilizers in Germany have been 
satisfied in some othei wa>, and filled at an adequate prlc*e 
On the other hand, it Is jiossihle that there will not be a 
demand for a long Lime foi all of the fertilizer that can be 
produced by the German plants utilizing carbide. Calcium 
cyunamlde has this disadvantage that the caustic dust is 
very annoying when it is being spread, and that its fertiliz- 
ing action depends, more than for other nitrogenous fertil- 
izers, upon the nature of the soil, the atmospheric conditions, 
the nature of the plant, and the method and time of use 
The German demand for nitrogenous fertilizers in the next 
few years may be cstl muted at between 1,500,000 and 2,000,000 
tons per year. The yield in aimnonlum sulphate of the Gorman 
coke ovens may l>e estimated at approximately 500,000 tons, 
and this may be Increased. In fact, it is likely that the pro- 
duction of ammonium sulphate at the coke works will be 
increased to 1,000,000 tons wttliln a few .tears. Whether it 
will be possible readily to sell from 500,000 to 000,000 tons of 
fertilizer, In the form of calcium cyanamide, will depend in 
the first place upon the price, and also upon the competition 
created by the importation of saltpeter from Chile, and from 
Norway, and other fertilizers which are technically perhaps 
even more advantageous. Under the first head, we have to 
do here with ammonium coiuix>uud.s, and with their derlvates 
prepared by the Haber process, the entire supply of which at 
the present is under government control. If the nitrogenous 
fertilizers, which are relatively cheaiier than those obtained 
from carbide, should be set free again, the result would be 
that the large German factories of carbide and calcium cyuna- 
mlde M*ould have to look elsewhere for a market for their 
products 


SELECTIVE ABSOKFllON AND ITS REST^LTS. 
Vwuous investigators both in this country and abroad have 
been recently engaged in studying the curious phenomenon 
knowTi a« 8electlv«» absoiDtion., Tlie results of ftlieir re- 
searches are Interestingly summarized in La Revue O^n^rale 
des Sciences (Paris), as follov^s* 

It Is a well-known fact that various colloids absorb the 
free base of the salts dissociated by hydrolysis in their 
aqiiefms sol ill ion more rapidly tliau tlie acid. They red- 
den litmus by absorbing the blue iiase. In u solution of a 
blue salt whose free base is red these colloids absorli tho red 
base and acquire a red color meta-chromatlcally, 

Basophllous colloids are found In histological compounds 
such as cotton fibers and pectlc membranes and In cyto- 
loglcal compounds, they also occur in soils (In clay and In 
humic oubegances) and likewise in deposits of baregiiie, etc. 

The so-c 4 illed acid earths owe their property of reddening 
litmus paper at least In part to basophllous colloids, Includ- 
the hundc substan^^, cla^s, silicates, and oxides of Iron. 
The basic Jellies on the contrary, which Include the 
oxides of zirconium, tliorlum, aluminum, lunthamiuin, 
zinc, beryllluqa Be Iron, and chromium absorb the acid of 
the dye known aa Congo red; when they are heated In the 
presence of a solution of Congo red tliey exhibit the red color 
characteristic of salts (6). This explains why thermal waters 
(the waters of Bareges) restore upon bolting the red color 
of solutions of Congo red which have been turned blue by 
adds, with a precipitation of the insoluble blue acid which Is 
an isomer of the red acid of the Congo. 


By reason of their power of odective absorption certain 
colloids are capable of being employed as reagents for analyt- 
ical purposes, being capable of separating the different 
Ions of electrolytes In solution and of Isolating certain sub- 
stances which It is very dffficult to Isolate chemically. In 
living creatures we may explain by the theory of a selective 
abeorption which varies in accordance with metabollic odndi- 
tions, why It is that the nuclear chromatine sometimes fixes 
the blues (basophllous nuclei) and at other times the reds 
(acldophllous nuclei). 

In nature there occurs **a struggle for bases" between the 
basophilous colloids of plants and those of the environment: 
thus the basophUouB Zodgleae of the baregines demineralize 
thermal waters; the Diatoms (Bynedra^ etc.) possess beneath 
their siliceous shell a thin membrane, which is capable of 
fixing metallic bases even upon the living creatures; many 
absorbent hairs come in contact with the soil by means of a 
basophllous pectlc membrane. Finally, the tissues which 8U<s 
ceed in reacting successfully against parasitic infection ex- 
hibit a marked basophil y which it is possible may oppose the 
migration of the bases of the host into the imrasite. 

The mediums which retain Imses strongly, acid soils, will 
support only forms of plant life which are especially adapted 
to them, such as the Vficciniunv corymbOBunit etc., unless 
bases be added to tliein In the form of lime In exc^ of their 
basophllous power of absorption. 


ARTIFICIAL DAYLIGHT, 

An English artist and designer, Mr. George Sheringhum, 
recently exhibited before the Society of Illuminating Engi- 
neers, In London a remarkable device for producing the ex- 
act effect of daylight, a problem which there have been many 
efforts to solve. His apparatus aroused much Interest and was 
extremely successful In producing the illusion of white light. 

The apparatus itself consists of a large shade on whose 
under stir face is u design in colors carefully worked out to 
agree with u definite mathematical formula governing the 
proportions. Upon the surface thus colored the light from 
an electric bulb is projected in such a manner that all the 
rays strike the shade and are diffused into the surrounding 
atmosphere The transformation into white light or "day- 
light" thus secured is made possible by the skillful choice, 
proportion, and arrangement of the various colors employed. 
By this means the excess rays from the red end of the spec- 
trum arc absorbed, and apparently (so far as the sensation 
uiH>u the optical nerve Is concerned) the rays towards the 
violet end, which are ordinarily deficient in artificial light. 

Mr Sherlngham first constructe<l the apparatus in a very 
simple form and employed It for his own studio work in the 
fall of 19J8. Some time afterward it was exhibited to Major 
Klein, advisor in the physics of color to the Calico Printers’ 
Association of England, and former chief of the ex|)eri mental 
department of the British Camouflage School. Major Klein 
was at once struck with the potential importance of the Inven- 
tion with respect to all those industries such us dyeing, paint- 
ing, frescoing, etc., which employ color. He realized, however, 
that the apparatus could not be definitely accepted until it 
had been scientifically tested, adjusted, and Improved. He, 
therefore, culled on Mr. I.. C. Martin of the Optical Department 
of the British Imperial College of Science for assistance in 
perfecting Mr. Shcringhain*s invention. The sugeess of these 
two collaborators in rendering the original device more ef- 
fective is generally conceded by all who have seen it In opera- 
tion. Whereas blues and greens seen by an ordinary incandes- 
cent light have their intensity diminished to about one-ninth 
and one-half respectively, under the Sherlngbara light they 
shine out as brilliantly as the reds. Delicate shades of grays^ 
and blues are easily perceived and navy blue shows in its 
true color instead of looking blaok. A point which will be of 
special Interest to artists is that tones of yellow very elusive 
to ordinary light can be as readily distinguished as la bright 
daylight 



Electric Starting Systems for Automobiles 

Various Ways in Which Electric Motors and Generators are Employed in Modem Motor Cars 

By F. C. Barton 

E ver slnice the early development of the e^plosiou or ouh when the eiifdne ih driven at equalling maximum 

internal conubustlon engine, it was realized that the oar speeds. The«e engine speeds rrwiy be in the neighborhood 

inherent di^wtiack to the use of thts type of prime of 3000 r pjm, or aibove. It is therefore advantageous, from 

mover lay in Its inaiblllty to be started by energy stored within the generator standpoint, that the driving ratio tie as low as 

Itself. The problem of starting the engine with the least possible but, fioni the motor standpoint, where a high torque 

expenditure of human energy has therefore omipU^tl a large is required at the crank shaft, it Is deslnifble to keep this 

place in the minds of designers with the result that various ratio as high us )K>ssihle, as the lower the ratio the larger 

forms of starters W'ere devised. must be the (ieetncnl machine to accomplish a given result. 

There were straight mechanical devi<*t»s employing springs The ele<'trlcal c<anipromise lies between the speed at which 

or their equivalent to give the Initial Iniipulse, then, too, the machine will crank as a motor and that at whidh It will 

there were devices in which the Internal (nmubustion engine charge the buttery a&> a generator. 

by the use of special distributor ^al\es w^as converted into a The combniution unit system employs a single field struc- 
comprossed air engine, taking air under piessure fiom a ture and a double wound armature. In this system the arma- 

storage flask This flask w^as in turn charged by some form of ture shaft Is usuall> extended through both ends of the ma- 

pumrp connected to tiie engine and dli^ell hy 11 during periods chine, the rear end being connected through suitable gearing 

of normal operation There were gas devices In which an ex* to the engine fly-wheel (upon the periphery of whiOi gear 

plosive charge* of acetylene, or othei gas, was introiluced teeth are cuti during starting operations After starting, 

through suitable distrlibutlon Mihes directly Into the c>llnders the mechanical connection lo the engine flywheel Is dlscon- 

and w’ns there explodi*d b> tlie usual electric ignition iiected, and the armature of the machine Is then driven by 

Almost without exception thi»se devices lacked rollabllltv means of the forward shaft extension from a suitable power 

The springs did not store enough eiieig^ to make second and take-off cm the engine arranged to drive the armature as a 

third attempts at starting In case the first failed The air generator at a suitable speed. 

starters developed leaks and piinip troubh's which resulted To accomplish the change-over from motor action to gener- 
In the slow discharge of stoied air with attendant loss of nior a<*lion, ^alIous automatic or semi-automatic nieclmnieal 

starting ability. The gas starteis weie always “touchy” and devic'es are necessar> These usually consist of a manually 

frequently the mixture liitwiduced for starting would not ig- (»perated gear shifting device and switch, for engaging the 

nlte when the spark was applied, and, when It did ignite, the inotxir reducing gears with the flywheel gear and completing 

resulting explosion was apt to be <»f greater Mtileins* lluin is the electric circuit to the motor winding, and an over running 

desirable from a mechanical standpoint clutch on the generator d^i^e wdilch permits the armature lo 

There were also electrical staiti*iN, which took energy from rotate free from the generator drive while it is running us a 

a storage batterj’’ to drive an ele<*trlf‘ motor mechamcally con- motor cranking the engine, but which will cause the armature 

nected to the engine, the balter> lM»iug lecliaigetl hy an electric to he dilven by the engine when the starting gears are dlsen- 

generator driven hy the engine duilng noniial operation. Other gagctl and the motor cimilt broken This arrangement permits 

things being equal, Uie l>i>e <if starter using electrical energy the motor ratio to be selected independently of the generator 

acquired a tremendous advantage over all others by reason ratio 

of the possibility of combining starting with the most satis- The two-umt b>stem employs a motor and a 'jVm*rutor, the 
factory form of lighting, viz, that emploving Mazda elw-trlc generator being driven through an ordinary coupling, or by 

laimps Furthermore, It might he combined to fuinish energy <hahi or gear by the engine, the motor being connected 

for the now extensively used battery ignition Hence, electrU* autr^mutically, or by a manual siilft, to the flywheel gear 

systems always Include starting an<l lighting, and, frequently, ring during starting operation. 

starting, lighting and ignition The means employed for making the m(H*hanlcal conncntlon 

It is not the purpose of this article to discuss either lighting lietween the motor shaft and the engine flywheel has been the 

or Ignition systems, hut to give a brief outline of the various subject of a great deal of engineering development. At this 

ways In which electric motors and generators are employed date, by far the greatest number of devices make this con- 

hti modern automohlle design and construction ncction and dl9t*onnectlon automatically. These automatic 

Electric starting and generating sets may be divided Into “shifts” consist, in almost all cases, primarily of a pinion con- 

three general classes, as follows: nected h.v some means to, or made part of, a nut which runs 

First: The single unit system in which the same electrical on a wTew thread mounted on, or cut in, an extension of the 

inaohlne acts as both motor for starting and generator for motor urmature shaft When the motor circuit is closed, 

charging the battery arumture starhs to rotate, but the pinion and nut, because 

Second* The two unit s>stem in which the motor is cm- of their Inertia, remain almost stationary This causes the 
ployed for starting only, and is not in use for any purpose lead screw* on the motor shaft to propel the pinion forward 

except during the starting period. The generator is used only toward the fl> wheel in a direction parallel to the axis of the 

for charging the battery, and Is an entirely separate unit shaft until It encounters and engages with the flywheel teeth, 

driven independently by some means from the engine during Contact between the edges of the flywheel and pinion teeth 

normal operation. checks any tendency the pinion may have had to acquire the 

Third: A combination of the two systems already men- rotative action of the armature, thereby causing the lead 
tinned. This system usually Includes a single field structure screw to propel the pinion positively to the limit of Its travel, 
and an armature having two windings and two commutators, It then can travel no further axially and must, therefore, 
one being employed when the machine Is operating as a motor, either stop the armature or rotate with It, and, being In 
and tiie other when operating as a generator. mesh. If it rotates, It must also rotate the flywheel and there- 

The aln^e unit system requires an electrical and mechanical by crank tlie engine. As soon as the engine commences to 

oompromise. The mechanical reduction* ratio between the run by Its owm r»ower, its speed Is sufficiently great, with 

amiature of the machine and the engine crank shaft must relation to that of the motor, for the pinion to be driven by the 
be such that the speed of the armature will not he danger- engine faster than the screw shaft is driven by the motor 

^ 536 
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KIG :{ STARTING Miri'OB FOB OUTBOARD SHIFT 


This cuuses the QCtiou of the lend wrew to be rexerwcMl. uimI 
the pliion Is therefore proj>elhsl bj the engine back along the 
motor shaft to tlie out-of-iuesh iM)«tUlon. At this i>oint the 
motor circuit should l>e ibroken. If it Is not, It merely contin- 
ues to accelerate until free running si>ecd is reached, but as 
the pinion is Mien running at approximately the same singed as 
the anno tore, there should be little teiuleiwy on its part to 
re-enter the flywheel gear 

The foregoing merely outlines the fnmhnnental actions of 
engaging and disengaging A description of details, such as 
the method of absorlrlng slawk, and the iirtnentinu of re- 
entry, and the oibtalning a corrcsT angle of entrance follow 

IMIOAUn AM> Ol IHOMtn siutis. 

Generally apeuklng, there aie two tM»es <»f automatic screw 
sldfts In extensive use One tran.smits the torque develoiied 
by the motor to the idnlon tliiough the medium of a coll 
si>rlnig wound around the shaft. Tlie other delivers the motor 
toniue to the pinion through a self-tightening friction clutch. 

The obJe<*t of ether tlio si>rlng or the clutch Is to minimize 
the shock that would take place when the pinion reache<i the 
end of its travel on the lead strew on the nR)tor shaft, or the 
l)olnt at which Its axial motion Is translated into rotative 
motion. It must be remembered that the rate of atcelenitlon 
of the motor anmuture is very high, and by the time It has 
rotated the necessary one or two re^oIutloIl^, which carries the 
pinion into mesh, its angular vehx»lty is great enough to 
damage the gear teeth or urinutuie shaft If the shock at the 
instant of starting to crank is not ciishlonetl in some way. 

Tliese devices are also de^dgned to inlulmlzc the liability 
of eiHounterlng wdiat N known as a “hntt.” ThK means a 
condition wdiere the fl.v wheel teeth and the pinion teeth are 
not so lined up that the> cun slide directly into mesh. In 



FIG. 2 CI/UTOH DRIVE ATTTOHATIC SHIFT (INBOABD MBSH) 


Other words, a pinion tooth may strike end on against a 
flywheel tooth, oodf without some flexibility In the drive, will 
not be able 1o enter, and the two will then lock tight In what 
is commonly known as a “Jam.” 

To reduce further the possibliUy of a “jam” at the front end 
the pinion teeth are chamfered to pnoduce the smallest 
frontal urea, and still maintain a liberal mechanical margin 
of safety against breakage. This chamfering 19 very similar 
to that used on traniftnlssion gear teeth, where It Is done for 
the same purpose. 

The flexibility of drive also provides against another con- 


dition known as “hunting ” This condition Is pgrtlcularly in 
evidence with four cylinder engines, and is a result of the 
reaction of gases compressed in the combustion chambers of 
the ly 11 riders by the iristons on their compression strokes. 
The expansion of each ci>mpresse<l <iiarge, on what would be 
the working stroke of the c>cle If the <iiargc were fired, causes 
the engine to tend to over-run the starting motor, which in 
turn tends to run the mot<or pinion out of mesh. The two fac- 
tors which prevent this from actually taking place are the 
flexibility of the drive and I he liigii rate of aciiderution of the 
motor, which enables it to keep up witli quite violent changes 
In angular velocity The tendency to “hunt” decreases as the 
number of cylinders Is lncreaso<l, until, witli a tw el ve-eyll ruler 
engine, the ton|ue requlreil by the engine for star ting Is, due 
to overlapping of j lower impulses, almost uniform throughout 
u revolution. 

Wlieii the engine Hits, i*uusing Us sudden acceleration from 
cranking speed to running, the motor pinion, as previously ex- 
plained, is run back along tlie lead screw to the out-of-inesh 
ixisitlon This throw-out Is frequently quite violent; there- 
foi'e, some form of <‘ushlon stop or detent is provided at the 
out end of the strew to prevent the poaslblllty of a rebound 
of the pinion, which might bring It Into contact with the 
flywheel again, and, owing to the relatively high siietnl of the 
flvwdieel such (‘ontact might cause serious damage to the gear 
tlH'tll 

Another point, which la given consideration, In “shift” 
de.slgn, is “angle of entrance.” Normally, the pinion is approx- 
Inwitely % of an ln<*h awa> from the flywheel when out of 
mesh While travelling this % of an Inch along the lead screw 
and being restrained from turning only by Inertia, a certain 
amount of rotative movement Is a<*tiulred Expt'riinent has 
domonatrated tliut a deflnite amount of rotative movetnont Is 
desirable, and reduces the liability of “butt,” and that this 
amount Is usually m excess of that which would he normally 
uequlreil ; therefore, some form of friction clutch, or loading 
device, is iirovided to give “Initial” friction between pinion 
and lead screw' to give the desired numiier of degrees of rota- 
tion. 

Two forma of each type of automatic shift are used ; that in 
which the pinion is proiielled rearward away from the start- 
ing motor when going to mesh, this being known us “outboard” 
mesfh, and that in which the pinion in normal position Is to 
the rear of the flywheel gear, and is therefore propelled for- 
ward toward the starting motor into mesh This latter is 
knowm as “inboard” mesh. 

Car builders who manufacture their own engines and clutch 
housings usually provide for Inboard eftiift, as such changes 
as are necessary are purely internal matters with them, and 
can be easily provided for. But manufacturers of assembled 
cars purchasing engines and gear sets, which usually include^ 
clutch housings, almost invariably use the outboard form of 
shift 

The shift description has been carried out to soiiie length, as 
it Is a very vital part of the whole system, and, while funda- 
mentally simple, has undergone much re-dealgn and develop- 
ment to bring it to the present posltkm of reliability and 
sturdSness. 
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STARTING MOTORS. 

Starting motors are always straight series wound and of 
very low Internal reMstunce, both as to windings and brushes. 
I^Ib Is neceseary to moot cold weather conditions when the 
battery voltage is low and the current demand is high Under 
these conditions the current necessary to turn over a stiff 
engine nmy be three or four hundred amperes, which means 
only 3.5 to 4 volts at the motor terminals This voltage is 
uschI up In two ways; first, in overcoming brush and brush 
contact drops and winding resistance, and, setund, In the 
production of useful work. So whatever fraction is saved 
from the former Is available for the latter, thereby improving 
the performance of the motor. 

The conditions outlined in the preceding puragruph will 
be found only in extremely cold weather, but tliey must be 
mot If the starting is to be successful at all tlme.s 

Fig. 4 gives characteristic horse-power, speed, ami toriiue 
curves of a 4 7/30-inch diametei Bljur motor. With this 
curve as a base, the most desirable ratio of pinion to flywheel 
to give the most satisfactory cranking can he determined It 
is of course to be desired that when conditions are adverse, 
viz., when the engine is cold, the motor speed shall be such 
that It will operate as nearly as possible at the peak of its 
horse-power curve, that being the point at wdiich It will do 
the most useful work 

Take, for example, a slx-c>linder engine of a size suitable 
for the moderate-sized car. This engine will lune a disphuv- 
ment of 308 culbl'C Inches or cylnders 3^! l>y 5^/4 inches, and 
a flywheel having 126 teeth. We know that this engine will 
require about 30 Ih.-ft. torque at the crank shaft to crank 
when hot, and that it will need three to four times that torque 
to crank at zero or below% and tlmt under this severe condi- 
tion the cranking speed must not fall below 50 rpm 

By a cut-and-try methofl it will bi* found that u nine-tooth 
pinion will be suitable The ratio will be 126 0 or 34 1, or 
at 50 rp.m. crank shaft w'lll give a motor s|K‘ed of 700 rpm 
700 r.poi, = 86 Ib-ft torque or 120 lb -ft at engine ci-ank 
shaft will take 400 amp and deliver 1 2 h p which is near 
the peak of the horse-^niwer cur\e, and, therefore, at the 
most desirable point This is sutlsta( tor> foi cold pci form- 
once 

To find what will happen w’lth a warm engine requiring only 
30 Ib.-ft. at the crank shaft or 2 32 lb -ft at the motor shaft, 
read straight up from the 2 1 tonpie peunt It equals 135 
amp., 2080 rpm or 147 rpm. crank shaft and 082 h.p 
which Is satisfactory. 


OKNIKVTORS 

Tlie principal factor in del ermi rung the si/t* of generator 
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suitable for a given car is the ratio betjween the driven s]ieed 
of the genwaior and the nriles per hour of the car. This 
factor is usually given in terms of revolutions per minute of 
the generator per mile iier hour of the car. This Is af- 
fected by ■ 

Kirst: the road wheel diainercr 

Second the rear axle ratio 

Third: the ratio of tlie generator drl>e to the crqnk shaft. 

This last ratio is usually d«iermino<l by the number of 



engine iwHndcrs, as the generator drive is iu almost every 
instance made to run at a speed sg I table for magneto drive. 
This would be 1*1 for lour cylindeis and 35 1 for six 
cylinders 

For example; A four-c yluider <ar having 33-tuch wheels 
and a 4 1 rear a\lf» ratio and a 1 1 generator to crank shaft 
ratio would have a genernt<ir v«iH*ctl of 41 r p.,m. ut 1 m phr. If 
this hai)i>ened to be a six-cyllpder <‘ar and the generator to 
crank shaft latlo was 15 1, the generator speed w’ould be 
615 rp in at 1 ni p hr 

Experience has shmvn tliat a generator to meet average 
conditions should delver 10 amp at a tar si>eed not much in 
excess of 34 ni p hr and sliould give maximum output at 
some speed between 20 and 25 m p hr 

The choice of a geiierutoi, tlierefore, is merely a mutter 
of selecting a standiard imoblne which will fulfill the cur- 
rent output conditions outlined aliove at the speed available 
at 14 m phr 

Take the slx-cy Under example f<»r Illustration A generator 
having an output like tlie curve Kig. .5 would be satisfactory. 
This machine delivers 10 amp at almost exactly 860 rp.m., 
widch equals 01 5 X 14, or 34 mphr car speed It reaches 
a maximum of between 16 and 17 amp, at 1400 rpm, 
equaling 23 m p hr 

After the maximiinn output has been reached a further in- 
iTease In speed causes the current rate to fall off. This 
falling off of the chaiging rate at high speeds is a most 
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deairaa>le feature of a generator euiploylng the third brush 
type of regulation, as It means that the average city drivert 
who operates at low speeds but who uses the greatest amount 
of current for lighting and starting, gets the highest charging 
rate, whereas the tourist or country driver, operating over 
longer periods of time and at higher average speeds than the 
city man, gets a lower rate of charge which saves his battery 
from heating and loss of electrolyte due to the decomposition 
of the water when guaing. 

The foregoing remarks on charging rates relate to the cur- 
rent regulated or third brush type of machine. This Is the 
type most extensively used on moderate and low-priced care. 
One other system of regulation is In fairly extensive use, 
especially among the litgher-priced cars. It is the system em- 
ploying voltage control. The feature of this method of 
control Is that It supplies a high current when the battery 
is low, and a low current when it is high. It approxtrnates 
what Is known as a **tai»er" charge or one in which the gen- 
erator If <*onnectod to u discharged battery will deliver a 
high rate at the start of the charge, but as time progresses 
the rate will gradually fall until, at the end of the charge, 
it Is down almost to zero. 

This system usually includes a straight shunt-wound gener- 
ator which builds up to a voltage equal to that necessary for 
the maximum changing rate at comparatively low speed and 
some form of vibrating voltage regulator whose function is to 
hold constant generator voltage. This Is done by alternately 
cutting an external resistance in and out of the shunt field 
circuit Its rate and period of vibration depend upon the 
speed at which generator la being driven and the buttery 
current rwiulrementa. 

TAPER CHARQINO 

The voltage regulated or constant potential system of bat- 
tery charging, which gives a tapering charge, Pig. 6, is based 
on the fact that the counter electromotive force or opposing 
voltage of a battery Is lower when the battery Is discharged 
than when it is charged. The difference will be in the 
order of 0.6 volts per cell, or for a 3-cell 6-volt battery will 
be 1,8 volts. Therefore, if the generator is set to hold 7 8 
volts, equalling a fully charged battery, it will have, wifh a 
discharged battery having a counter eleotronaotive force of 
only 6 volts, 1,8 volts available for forcing the charging cur- 
rent through the bdttery; consequently, the charging rate 
will be high. Leaving the regulator and generator charac- 
teristics out of consideration, the high current rate will be 
determined by Ohm’s law, where E or voltage is the differ- 


ence between generator voltage and battery counter electro- 
motive force and R or resistance equals the sum of the 
battery and external dicult resistances. If E ^ 1.8 and R =?= 
0.06, then the charging rate 4» the battery will be 1.8 -t- 0.06 
= 80 amp. at the start ^bhe rate will taper to zero when 
the diaiise is ooms>l6te, at which point the battery counter 
electromotive force equals the generator voltage. 

In actual practice this condition Is only approximated, that 
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Is, the regulator or generator, or both, may be so designed 
that the Inital rate will be lower than the rate Indicated by 
the foregoing formulas, and tlie final rate will not be zero, 
but rather something of the order of 5 or 6 amp. This is 
done to prevent the generator from being excessively over- 
loaded during the first part of the charge, and to make sure 
that the battery will receive a low rate overcharge after cora- 
liletlon of the regular charge ^ 

Tl!.KMlNAT,.S. 

Car builders In many Instances do not give tlie subjec't of 
connections and terminals the consideration that It should 
have. Terminals should be rugged to withstand vibration, 
and should so bold the ca!ble that the effects of vibration at 
the point they are attached will also be minimized. Termi- 
nals should always be soldered to cables, but the solder should 
never extend l>eyond the last ixdnt of support of the cable; 
in fact. It Is preferable that the terminal be so designed ns to 



r/mt 


sui>|x>rt Hie <‘able by means of a clamping band which en- 
circles the insulation at u point beyond the bared portion to 
which the solder Is apidted. Above all, terminals should be 
tight on connection boards, as loose ternrinals mean extra 
resistance, and extra resistance in the lamp or Ignition cir- 
cuits means decreased brilliancy of lights or unreliable Igni- 
tion. In the generator circuit of a third brush machine, extra 
resistance means Increased generator voltage with attendant 
heating of the generator: and In the generator circuit of a 
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voltage regulated machine meatia docrensed current output 
Jx) the battery. 

SOCIETY OF AUTOMOTIVE KNOINRKRS. 

The work of the Society of Automotive Engineers toward 
the standard Ixation of all i>arts of the automobile has been 
of great value In stfmpllfylng and standardising the mount- 
ing of electrical at^ratus. The Society through the me- 
dium of U« standards committees has recoraruended for adop- 
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tlon by manufacturers: three methods of mounting starting 
motors; two methods of mounting generators; one form of 
pinion and gear tooth. 

The three mounts are; 

First: for Inboard flange mount with three idzes of flange. 

Second: for outlboard flange mount with three flange sizes. 

Third: for outboard sleeve mount This is only one size. 

In each of these, all dimensions which affect both motor and 
engine manufacturers are given. Roughly, these are. flange 
bolt drilling and location of holes ; diameter of pilot ; distance 
from flange faco or dowel screw to flywheel teeth ; and 
height of flywheel teeth above flywheel proper. 

The gear and pinion tooth selected is of standard 8-10 
pitoh 20 deg. pressure angle. 

The generator mounts are: 

First: flange with two sizes to acconimodute large or small 
machines. 

Second: bracket with but one size laid out to accommodate 
the largest generator that nmy reasonably be encountered. 

The flange method of namnting Is employed when the 
generator is driven direct by a gear or sprocket running in 
the engine ttinlng gear case. The engine half of the flange 


mount la then machined on the rear face of the gear case. 
The bracket mount is used where a separate shaft is brought 
out o'f the liming gear case for driving the water pump. Igni- 
tion apparatus, or generator, or sometimes two or all three 
of them. In this case, the generator is mounted on the 
engine bracket and driven by means of a flexible coupling. 

In these layouts, as in the motor layouts, all (K>mmon di- 
mensions are given, Incudlng shaft and sizes, coupling fits, 
and height of shaft above bracket, and in the case of the 
flange mount, shaft end sizes for gears or sprockets and 
drilling and shape of flange. 


UNBALANCED FORCES IN RECIPROCATING ENGINES. 

Writino In The Automobile Engineer for February, 1920, 
J. L. Napier treats with great detail the unbalanced forces 
at every 5* of the crank position of the engine, and takes 
into account all the various types and groupings of cylinders, 
from the 4-cyL vertical engine to the “broad-arrow” type, 
with three groups of four cylinders. 

The author considers all unbalanced forces which tend to 
vibrate the engine as a whole to be transferred by stresses 
internal to the structure of a single plane at right angles to 
the center line of the crank-shaft. 

The principal source of unbalanced tangential forces is the 
fluid pressure of the gas in the cylinders, and the principal 
source of unbalanced radial force is the inertia of the recip- 
rocating masses. Interesting tables are given which allow 
curves to be plotted showing the piston acceleration, the un- 
biilaiioed vertical force, and the torque due to Inertia, with 
varying lengths of connecting rods. Concerning the “perfectly- 
balanced” six-cylinder engine, the author remarks that one, 
IS prone tp Ignore the ettect pf the tangential compound of 
Inertia force in causing angular vibration of the engine about 
the crank-shaft center; the effect of Inertia on torque Is 
quite as considerable In the six-cylinder engine as in the 
four, but can be minimized by Increasing the connecting rod 
length. — Abstracted by The Technical Revtetc. 


HIGH-SPEED RADIO-TELEGRAPHY. 

In a test of high-speed radio transmission between Woolwich 
and Weymouth In which the messages were recorded in 
Morse code and la printed Roman characters, 2,017 words were 
sent In 80 minutes, 901 words in 8 minutes and 879 words In 
4 minutes. The speed was limited only by the exigencies of 
mechanical design . — Royal Enyineer'e Journal^ Feb., 1920. 
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mANePIORRIXO A BALB OB CAND FROlt AN OX CART TO A RAILWAY CANB OAR IN CDBA 

Electrification of the Hershey Cuban Railway 

A High Voltage Direct Current System 
By F. W. Peters 

T all large Outoau augar inllla, railroada for transporting overall operation and preclude an efficient expansion of traffic 

A cane extend in various directions to tap tbe areas where such as outlined herein. 

cane loading stations are located. Two-wheeled ox- In keeping wlfh tbe feroad plans of the management, the 
drawn carts are used to gather cane in the fields and haul It road is being electrified, and extensions which will comprise 
to the loading station where It Is placed aboard especially the main line are being completed to Havana on tbe west, 
constructed cane oars which are later made up Into trains and to Matanzas on the east Branch lines between Havana 
and hauled to the mill. The necessity of grinding cane and Cojlmar, 4% miles, between the main line and Balnoa, 
shortly after It Is cut, In order to obtain a maximum sugar miles, and between tbe main line and Santa Orus, 4% 

yield, renders desirable tbe maintenance of a reliable railway miles, are completed. These with numerous short spurs and 

system to su|M;>ly the mill with a continuous flow of cane, 
thereby eliminating “cane shortage" shut downs which prove 
so costly to the sugar operator. 

The industry has assumed such proportions that the mills 
command attention not only for their size, Intensive. operation, 
and eflldency, but also for the supplementary induatrlal ac- 
tivities necessary to the support of the mills during that five- 
month period of 244ioors per day cane grinding when nothing 
but u break down or an Important holiday Is deemed sufficient 
cause to stop operations. 

Hershey Central, as^,|i(eaatifully situated town overlooking 
the Gulf of Mexico, is fdcated on tbe north coast of Cuba prac- 
tically midway between the cities of Havana and Matanzas, 
some 66 miles apart. The major activity, at Oils as well as 
numerous other ' Centrals on the Island, is tbe manufacture 
of sugar. This miU Is now served by the Hershey Cuban 
Railway, a steam operated road having ^proxlmately 85 
miles of single tracdt. The present motive power consists of 
seven steam locomotives ranging from 20 to 40 tons on ilrlv- 
era. Both coal and oil fired types are in use, which ma ac- 
count of the very high ctwt of fuel in Cuba and the Inefficient 
operation of engines constitute an expensive Item In 

. ^ , 540 
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HidiugH will total 80 inlle» of elet^rltlod tsiugle track. The 
road Is built over a private right of way through a rolling 
country In which the ruling grade is 2 V 2 per cent. The 
track is standard gage with 85 lb. per yard running rails, rock- 
ballasted over the greater portion. 

The service to be inalntulned uixm inauguration of electric 
operation will consist of cane and sugar transportation be- 
sides through and local (*oiumo(llty freight, e^cpress service, 
and multiple unit i>assenger train ser\ice <»ix?rntlng on one- 
hour hnetiwuy between Hu\umi und Mntun/.as. 


The 1200-volt direct-current electric ruihvny system was 
selected by the railroad iiiunagement after a thorough In- 
\esligatlon of various tMa»s of electiiHed loads, as being 
that which would fulHll to the best adxantage the present 
conditions of eloctrlcul operation as w^ell as provide for ef- 
ficient expansion incident to anticipated growth 

LOCOMOTIVES 

The motive power turnishetl for oiieratlng the foregoing 
cane and general freight service consists of seven 60- ton 
four-motor 120()-\olt direct-current electric locomotives ar- 
ranged for mulUide unit oi)eratlou when necessary. The 
control provides for connecting the motors In senes or series- 
parallel, and consists of (w'o muster controllers (one located at 
each driving position In the iiiuin cub) with resistors, d>na- 
niotor blower set. solenoid contractors, and other auxiliaries 
mounted principally under the end cul»s Power for oi>eratlng 
the control equipment Is obtained at 000 volts from the d>nu- 
mutor A pantograph tjiK? trolley is mounted on top of the 
main cnh with provision for the <’onvenient use of pole trolleys, 
to provide for oi>eratlon over adjoining electric railways 
necessitating such type of trolley. Combined straight and auto- 
matic air brake equipment is used with two SH-imhle foot dis- 
placement per minute air compressors placed in the main cab 
und oiK'rated directly from the 120P-volt trolley wire 

MOTOU CAB EQUlPMEm. 

The motor car equipment consists of ten straight passenger 
oars, three combination passenger and baggage cars, und two 
combination express and mall cars The passenger cars 
seat 50 persons, having a free running speed of approximately 
40 miles per hour, and will weigh completely equipped about 
29 tons. Four motors iH^r car are provided with automatic 
electro-pneumatic double-end multiple unit control equipment 
arranged to connect the motors in series and series parallel. 
Power for the control circuits and car lighting Is obtalno<l 
from a 32-volt constant potential generator driven by a 1200- 
volt direct-current motor operating from the trolley circuit. 
Pantograph type trolley and bases for t>ole trolleys are 
mounted on the car roof. 

POWER GKNfiBATXNO AND SUB-STAPION EQUIPMENT 

The power equipment selected to operate the railroad and 
to furnish commerdal pow’er to Matunz^ and smaller towns 
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along the right of way comprises a generating station, one 
main rallw'a> sub-station and two outlying automatic sub- 
stations. The generating station is equipped with three 2590- 
kva. turbine alternators and has four 009 hp. oil-fired steam 
boilers. 

The main generating voltage Is 2309 three-phase 60-cycle 
from wlilch step-up transformers between the main 2300-volt 
bus und th(‘ high-tension bus distribute iwwer at 33,000 volts 
three-phase to the outlying sub-stutlons and points of com- 
mercial xlistnhutloii. Power for station auxiliaries and nhtips 
is obtained trom transformers stepping down from 2300 to 
480 volts 'J'hls latter voltage, largely used In sugar nilll 
work, was selected U> permit a direct tie-ln wdien nece.ssury 
with the main bus of the sugar mill iiower house which is 
close to, but dlstitu t from tlie new railway station 

The railwiij s>nchronous <*ouverters located In the main 
station consist of two groups In parallel, each group comprising 
two 500-kw 000-voU muchlues connected in series for 1200 
volts These recche their iwwcr from the main 2300-volt 
station bus tliroiigh sleiwlown transfornu'rs 

For oil filing a steam atomizing system Is used with exhaust 
steam surface lieaters arranged to lieut the oil to the right 
viscosity lor proiH*r atomization Two 75(X)-gullon ca|»aclty 
anxillarj fuel oil tanks are ha'Oted near the boiler room, 
each of which liolds approxiniately one da>’s supply based 
on the estimated loud for the near future, while some dls- 
taiK'e awuv aie the main oil storage tanks liavlng a 500,000 
gallon capa* lt\ No uttemid ^^as made to utilize bagasse, the 
refuse from gnauid cane, as fuel for the rail wav iHiwer sla- 
tum sinee the quant It. \ produced by the grinding rolls Is 
practlcallv all ifuisumed by the sugar mill boilers 
ProNlslon has lavn made for conveniently installing <*oal 
burning machinery without disturbing the boiler settings or 
uuxllluries should a readjustment in the relatl\e prk*e of 
coal and oil necessitate the use of c<ial for economy 

A spray pond constructe^l of eoncrete is located 690 feet 
distant from the iM>wer house and Is conne<’h»d hj two 36-ineh 



A noo KW flOO-VOT/r SYN-CHRONOUS OONVRRTER TJ8WI> in 
TIIK smSTATTONS— NOTE THE FLASH BARRIERS 


concrete pipes, one of which cjinnects to the Intake and the 
other to the discharge wells, In the generating room, used for 
the condenser circulating water. Three motor-driven 4600 
g.p.m. high efficiency pumt>s w'hich force the discharged cir- 
culating water through the spray nozzles are located In the 
pump house at the spray pond. 

BUB-STATIONS 

The tw'o outlying automatic sub-stations, one of which iR 
located near Havana and the other near Matanzus, are dupli- 
cates and each contains one l(X)0-kw. group of synchronous 
converters cHmslsting of two 500-kw. 60()-volt machines con- 
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ne<*ted in gerlea, A third 500-kw. 000-volt spare converter is 
pro\lded with change-over awlh'hes so that It may be conven- 
iently substituted for cither the high or low machine of the 
group. Three 350-kva. single-phase 33,000-volt high-tension 
sHf-txwled transformers having double secondary windings 
are regularly employed for operating the converters with a 
fourth transformer supplied as a spare The switching equip- 
ment is completely automatic in operation and is similar to 
those which during the past few years have proven very suc- 
cessful in many parts of the United States. No regular at* 
tendants are rtHiiiired for the operation of the erpilpiiient 


since It starts uuto>mBttcally on a power demand and stops 
when the demand ceases. During operation the equipment 
is protected from Injury due to excessive overload by the 
use of flash barriers and load limiting resistors on the ^rect^ 
current side of the machine. All irregularities emanating 
from disturbance on the high-tension lines or imprcqier fun<N 
tionlng of the equipment is fully protected against so as to 
promote reliable operation. Two feeder circuits leave each 
sub-station to allow the trolley and line feeder cable to be 
sfectionalized in front of each station. — ^Abstracted from 
Ccncral Electric ReneWt April, 1920, pp. 307 to 312. 


Future Developments of the Rigid Airship* 

Methods of Utilizing Excess Hydrogen 

By Squadron Leader P. Litherland Teed. R.A.F. 


N OW that the dawn of the English Commercial Airship 
era Is breaking, It is appropriate to point out that 
there are fields of technical development which com* 
merclul enterprise must investigate to secure reductions In 
the cost of airship operation. 

The first subject for investigation Is hydrogen economy 
When an airship files it decreases in weight by the amount 
of gasoline and oil consumed, or, in other words (if the sec- 
ondary effects of superheating and super-cooling of the hy- 
drogen are for the moment neglected), it can be said that the 
airship Increases in buoyancy or lift to an extent whkh is 
a function of Its hor$epotoer houra of flight 
The airship engine may be taken to consume 0.53 lb of 
petrol and oil per horsepower hour, consequently taking as an 
example an airship of the German Ir30-d0 class, these ships 
which are of 1,300 horsepower will increase in buoyancy by; 
0 63 X I.B00 = 680 lbs. per hr. of full power flight 
To pre\ent the airship’s rising from this continually Increas- 
ing buoyancy during flight is simple; in the early stages of 
flight the tendency to rise can be counteracted by the eleva- 
tom, but with lapse of time the ship becomes so light that 
this ceases to be an effective remedy and it is then necessary 
to deireasc the lightness of the ship by releasing hydrogen. 
Now since, for reasons of controllability, It Is necessary when 
landing an airship at the end of a flight that the airship 
should bo In equilibrium (i.e., equal In weight to the weight 
of air displaced), It Is ultimately necessary to vaUe hydro- 
gen equal in lifting power to the weight of the gasoline and oil 
consumed during the flight. 

To put this statement Into definite terms is simple. On an 
average, 1,090 cubic ft of hydrogen has a lift or buoyancy of 
65 lb., consequently 

0.58 lb. will be lifted by =8.2 cu. ft. of hydrogen. 

w 

Thus there is a hydrogen consumiptlon from this cause of 
8.2 cu. ft. per hp-br, of flight, or applying this to the L30-39 
class of Zeppelin, this type of ship will be ultimately forced to 
release hydrogen equal to: 

1,300 X 82 = 10,660 cu. ft. per full power hour of flight. 

To express this waste of gas in money in these days of 
fiuctuatlng prices and rapidly Improving efficiency In the tech- 
nology of hydrogen production is difficult, but it Is non-contro- 
\erslal to say that the total cost of hydrogen in England, 
including labor, insurance, depreciation, material, etc, is at 
present approxlmdtjp^ 15 shillings per 1,000 cu. ft., conse- 
quently the airship taken as an example will consume - 10 7 X 
.75 = £8 worth oi hydrogen per hr. of full-speed flight, which 
is a serious charge, but one ultimately preventable provided 
sufficient Inducement is gi\cn to engineers to deal thoroughly 
with the problem. 

There are nt least three methods whereby increase in buoy- 

*From Aeranauiioal ffngiacering (supplement to The Aeroplane), 
March 31 1020, pp C77-8. 


ancy, with its present attendant unnecessary hydrogen loss, 
can be dealt with. 

(1) Water recovery from the engine exhaust 

(2) Picking up water from the sea. 

(3) Burning hydrogen (a) to produce water, (b) to pro- 
duce pow-er. 

WATEH RECOVERY FROM THE ENGINE EXHAtlST. 

Qusoline, w^hich is a mixture of various hydrocarbons may 
be taken, for the purx)ose of this note, as being represented by 
tbe formula, therefore the complete combustion of a 

mixture of gasoline vapor and air in the cylinders of an airship 
engine can be expressed as follows: 

Gasoline Air Carbon dioxide -f- Water + Nitrogen 

CtHi, + 11(03 4 NO "" 7 00, +8H,0 44 Na 

But the molecular weight of gasoline is 100 and that of 
water 18, therefore It can be deduced from the above equa- 
tion that: 100 lb. of gasoline produce on combustion (8 X 18) 
= 144 lb. of water. 

Thus the w-elght of water passing as steam out of the ex- 
haust plx)e of a gasoline engine is nearly one and a half 
times the weight of the gasoline entering the carburetor, so, 
if effective means were evolved of condensing this steam by 
cooling the exhaust gases below the boiling point of water, it 
would be possible to maintain an airship in a state of approx- 
imate equilibrium during flight withovt the loss of hydropen. 

At first sight it might be said that the above Is the solution 
of the problem of Iiydrogen economy during flight, but, 
Miough it may be, it Is at present not much more than the 
outline of a procedure w^hich by careful attention to detail 
may be developed in a practical process for commercial 
airships. 

Among the difficulties of this procedure may be mentioned 
the quantity of heat to bo absorbed: the exhaust gus of n 
gasoline motor contains about the same quantity of heat as is 
normally dissipated by the radiator of the engine, conse- 
quently, the cooling of tho exhaust by this means would in- 
crease the head resistance of tbe ship and would also be sub- 
ject to objection on the grounds of additional weight. 

Another difficulty Is the actual catching of the water; after 
tho exhaust has been cooled below the boiling point of water 
(If the vapor present Is neglected), the volume of the water 
particles is about O.Ot per cent of the volume of the exhaust 
gas, therefore, to prevent these water particles from being 
carried out of the exhaust pipes, the particles in the exhaust 
gas require considerable surface to which they may become^ 
attached. 

While It Is not dlflacult to recover water from the exhaust 
of internal-combustion engines — it has been done several times 
In the case of Diesel engines, running In tbe desert to make 
up cooling water loesee— It is difficult to do so In airships 
without somewhat heavy apparatus* which, besides the objeo- 
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tloa of weight, has the additional disadvantage of increased 
head resistance, but attention to design will reduce both these 
Objections oonslderablj', and It may well be that hydrogen 
coDSumptlon from increase in buoyancy may be reduced by the 
hnethod outlined above. 


PICKING UP WATEB FBOM THIS SEA. 

Since the commercial utility of rigid airships lies chledy 
In long-distance trans-oceantc flight, increase In buoyancy might 
be dealt with by picking up sea water fx’om time to time equal 
in weight to the gasoline and oil consumed. 

A method whereby this can be achieved consists In forcing 
the airship under power to within 400 ft. of the surface of the 
water and then dropping a streamline vessel like a paravane, 
which is connected to the airship by a fabric hose , tlie stream* 
Hue body with the necessary stabilizing surfaces Is fitted with 
a water propeller at its stern, which, by being towed through 
the water, drives a reciprocating pump within the paravane 
delivering via the fabric hose Into the ship. 

This device can be made within a reason able weight to de- 
liver a ton of water in fl\e mlmites with a satisfactory me- 
chanical efilciency, but Its employment in the future seems 
problematical, as at present It has not the approval of pilots 
for two main reasons, one of which is the Intermittent opera- 
tion of the device combined with the necessity for very careful 
control of the ship during Its operation, and the other is 
that In fog when the surface of the water cannot he seen, 
the risks of attempting to fly at (his low altitude are too 
great to allow of using the apparatus 


BURNING HYDHOtiEN TO BKODUCK WATLK 


To burn hydrogen to save hydrogen seems at first para- 
doxical, if not ab&urd; but an examination of the facts will 
show that the procedure has certain points in its favor. 
Water contains one-nliitli of Its weight of hydrogen, or, in 
other words, one part by weight of hy<irogon on burning in 
air makes nine parts of water, C<mflnlug the examples for 
the development of the argument to approximations, if under 
the econditlons prevailing 1,000 cu ft. of hydrogen weighs 
5 lb., then, on burning this volume of gas in air, 45 lb. of 
water will be produced, which, it is assumed, at this stage, 
will be satisfactorily condensed In the ship 
Now, under average conditions, 1,000 cu. ft. hydrogen would 
give a lift or buoyancy of 05 lb, therefore, by burning 1,000 
cu. ft. of hydrogen, and condensing the resulting steam, the 
airship would decrease in lift by 

65 + 46 = 110 lb. 

so it is seen that Instead of having to valve 8 2 cu ft. of 
hydrogen per hp-hr, of flight, by burning hydrogen and 
collecting the water only 


1,000 X .53 
110 


48 cu ft 


would be lost per hp-lir of flight In order to keep the airship 
In equilibrium. Thus the paradox “to burn hydrogen is to 
save hydrogen" is established. 

An advantage claimed for this method is that the effective 
recovery of the water would be easier as the percentage of 
water In the products of combustion would be greater than in 
the exhaust of the gasoline engine, after these products have 
been cooled to below the boiling point of water (If the presence 
of water-vapor is neglected) they would contain 29 per cent 
of water by volume Instead of the 0.01 per cent contained in 
the exhaust of the gasoline engine under similar conditions. 

It is probable that the process Just outlined could be more 
rapidly applied with success to airships than the first method 
which was described. However, this last process has only the 
potentiality of reducing the present waste of hydrogen but 
not of st(H>ping It, 


BUENXNO HTOBOOBN WITH THE BBODUCTJOW OF POWER. 

The burning of hydrogen to save hydrogen is a wasteful 
process (though It would do much to fitop the present more 


wasteful procedure), for weight for weight hydrogen has 
three times the calorific power of gasoline, so that 1,<X)0 cu. 
ft. of hydrogen, since it weighs about 5 lb., is equal In calo- 
rific value to 15 lb or 2 gal. of gasoline. Therefore, If hydro- 
gen equal in buoyancy to the weight of gasoline consumed 
were burnt in an engine, the airship besides remaining in 
continuous equilibrium (except for secondary effects) would 
have a greater speed for the same gasoline consumption, or an 
equal speed for a smaller gasoline consumption 

It has already been shown that 8.2 cu ft of hydrogen has 
a lifting p<iwer equal to the weight of gasoline and oil con- 
sumed per Iip-hr. ; now assume that this 8.2 cu ft of hydro- 
gen is burnt In u siiecial internal combustion engine of the 
same efficiency as the present gasoline engine, the power de- 
\ eloped will be 


8 2 3 

1,000 X 5 


= .25 bp. 


That is to say, if an airship Is constructed to develop 80 
per cent of its power by gasoline engines and 20 per cent by 
means of a hydrogen engine the ship will (except for second- 
ary effects) remain in constant equilibrium during the whole 
t>ericMl of Its flight, or, In other words, the maximum enduranro 
of an airship so fitted with a hydrogen engine would be 25 
per cent greater than that of a ship similar, except for the 
whole powi*r being developed by gasoline engines. 

Examiiiliig tlie econoinics of this scheme, If gasoline costs 
2s. Od. per gal, and hydrogen 15s per 1,000 cu ft., the cost of 
power produced by hydrogen is over two and a half times more 
expensive than when produceil by gasoline (assuming equal 
thermal efficiency in the gasoline and hydrogen engines) 
However, since in the present method of operating airships 
this hydrogen is entirely wasted, and In the suggested method 
It increases the maximum endurance of the ship by 25 per cent, 
it must not be rejected on economic grounds 

Examining the technology of this scheme, since the velo<*lty 
of explosion of hydrogen and air mixtures Is enormous (when 
compared to gasoline and air mixtures), It is probable that 
the moving parts of a hydrogen engine would have to be more 
nius.sive than those of a gasoline engine of the same power, 
that Is to saj, a hydrogen engine would be a heavy engine 
on the basis of weight per hp Confirmatory of this, it may 
be mentioned that in his recent lecture to the British Associa- 
tion on Airships, Wing (Jommander T R. ra\e-Brown-Cave 
stated that, using an ordinary airship engine with hydrogen 
as the fuel, the maximum power output was 25-30 per cent of 
that obtained from the engine running on gasoline, attempts 
to obtain large power output prmhiced serious cylinder deto- 
nations. 

Owing to the difficulties (not necessarily unsurinountable) 
of making a light hydrogen engine, V. Bellamy has Invented 
an Ingenious device whereby a very weak gasoline and air mix- 
ture is re-enforced with hydrogen to such an extent as to 
give gasoline economy and, at the same time, full power output 
from the engine Since this devlro has all the advantages ob- 
tainable from using hydrogen us a fuel, it la probable that in 
the future It will be considerably employed. Though It does 
not effect hydrogen ecf>nom> It may be said that, because It 
allows a higher commercial load to be carried by an airship 
(owing to I'educed gasoline consumption), It has potentiality , 
of doing rather more, as it Increases the maximum revenue ob- 
tainable from freights, and reduces the actual fuel cost of 
Iransporting that freight 


ULTRA-VIOLET LIGHT TEST FOR BAI.LOON FABRICS. 

The deterioration of balloon fabrics Is supposed to be due 
to the action of heat, light and moisture. It is believed that 
ultra-violet In sunlight is one of the chief factors and in order 
to obtain an accelerated aging test tbe experiment was 
recently tried of exposing fabrics to a mercury vapor arc. 
The tests were not conclusive. 
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A Pack Train of Eagles* 

Suggested Use of Aircraft ia Mining Operations Where Roads and Trails Are Absent 

By Eugene Shade Bisbee 

A rKKTAlN ml inn;; (*nmimiO liinl m-oUt'd ve>oral rep<»rts In certain fields tlmt uio all IiIh own In fact, if a mine need^i 

from different cnKinecis about n property in a leinote the serxices of an o\lra mule It xxill be the airplane that will 

part of Idaho l*ra<*licallv all of the rei>orts were in carry the mule in, transiKirting the animal fifty times ns 

faxor of tlie property, which the ctmirmiu seri<»usly (onsiderod fast as his own sure feet xvould take him there and taking his 

hiijlng As a final pret'anlitm tlie president sent a .>oung mm- feed along to boot For the airplanes that arc going to be 

Ing engineer to repoit After a immth or more, tills telegram used in mining will be built to carr.x not less than l,2t)0 lb. 

uas leeehed ‘*\ein all right, saipple cfirrect , ore is there of useful load 

To get the stuff out would take a pai'k tram of eagles” This For this new woik both the airplane and the dirigible will 
stor.x wms told a long time ago, and the acumen of the .xoung he used, as the lighter-thaieair craft needs less landing space 

engineer was admlreil, his referem*e to a •'pack tram of eagles’' than the plane, and will, generally, be called upon to trans- 

exciting a heart> laugh wlierexcr the stor.x was told Times port the more luilky freight, leaving the lighter packages, the 

l»a\e I hanged What then aTipcmieil an absurdity lias now high-grade ores and bullion for the speedier plane In <'arry- 

pasM'd he^oml the air-<*astle stage A "pack train of eagles” ing vanadium, uranium and radium ores at present from 

inaj not elicit inu<*h surprise In the mining Industry In the Paradox Valley to Pla<*erville, In Colorado, four-horse teams 

<i»urs<' t»f a few >ears. Jn this da\ of keen «‘ompelition the are used, and frtnn tw*o to four da,\s are required for the 

man wdio sa>s “It can't lie done” wakens some morning to trip of nliout seventy miles. An airplane wmuld take 1,000 

dls<*over that soinebod.v has doiH‘ it lb. of the ore, winter or summer alike, o\er the mountains, 

I ha\e shown before tlie \alue ot the airphiiie In preliminary in less than an hour, making not less than half a dozen trips 

mining oiKuatlons, the suxliig of time and nioTie> ami the a day and keeping it up, regardless of ground conditions of 

greatei ac<*iiia<'> ot the woik Since tlml article appeared snow', Ice, land-slides, or au> thing else, as continuously as 

several Ameilcan airplanes lm\e been put to work In Peru; niny be necessary. Keturning to the mine from the railroad 

and down in Mexico an American mining operator has ]ietl- shipping point, the airplane can take tn men and emergency 

tioned tlie (^arranza g4»\eniinent fnr permission to use an air- supidles; it will take the suiXTinteiulent or other officials back 

plane In ins work. Therefore, It has been demonstrated that and forth on business ; it will keep the operators In oontlnu- 

aircraft |M»sse*.s n unique usefulness In this field "J'liex not ous touch with l»oth ends, thus making for higher efficiency 

only can be used to survej and map the sigatflcunt area, but und greater production and rapid dell\ery of the product to 

also to carrx men In and out and to trans^iort snpplirt*. ma- the base of final disposition. V 

terial, and lilgli-grade ore Thev are destined to play a part Very rich ores may be transported In small compass, but 
in mining dexelopmont, but they will (Hwirdlnnte with the an airplane will carry in four daj’s — the time required by a 

prosaic mule In transportation and never wholly replm^e him horse or mule team to go one way— not less than twelve 

•Ui‘pri«t«i fiMiH Kai/Oirrrtwtf ««</ Mininif ./owntuU April 17, lo'io times the w’elght or ore brought out by the animals during 

r>44 
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a like period of time. And It must not be overlooked that it 
will make twelve return trips, taking in all kinds of necessary 
supplies or men. 

^ Although It has been said that the airplane will never en- 
tirely supersede the mule or the horse in the field where those 
animals have been pioneers, certain comparisons between 
draught and pack animals and the airplane throw an interest- 
ing light by contrast. After the location has been made by 
airplane exploration, and the mosaic maps have been prepared 
and the ore uncovered, tools, men, and supplies must be sent 
in. The lighter of these tools and supplies can be transported 
by plane, tbe heavier by team. Consider the saving of time 
by the assurance that every bit of smaller machinery, every 
tool, all supplies, and e\ery nmn, will be on the ground and 
ready for action by the time the heavy material has arrived 
by mules, because they have been taken in by plane, at a speed 
more than twenty times that of the animals that plod over the 
rough ground, while the plane darts to and fro above them; 
the whole circumambient blue being Us magnificent roadway. 
Dwell for a moment upon the toiling string of llamas that pur- 
sue tbelr course down the slopes of the Andes, their backs 
laden with precious ore. All day long they trudge on- 
ward, urged by their drivers, who, by the way, are ever 
careful not to get within **spU-ahot” of an Irate llama For 
there are at least two things that start a tight in South Amer- 
ica, one is a llama that believes Itself to have been abused, 
the other is a man wliom tbe lluina believes has abused him 
and into whose eye, from a distance of fifteen or twenty feet, 
the llama has violently spit The insult is eradlcable only 
by the noar-cleath of the llama, wiluch cun only be saved by 
the interposition of someone in authority. 

While the llamas are covering the distance from the mine 
to the railroad or seaiwrt the airplane Is ever speeding above, 
back and forth, with tnlnerHl and supplies, and even men, 
doing every day the combined work of not less than thirty 
llamas, and neither complaining of treatment nor spitting In 
one's eve^ 

Statistical details may lie made leas uninteresting by show- 
ing that a pack train of sixty mules can carry approximately, 
24,000 lb H(»me twenty-odd miles over mountain roads in a 
day of eight hours Six men will lie requlied to drive sixty 
mules, and six men wdll draw, again approximately, $30 per 
clay ill wages Add to this the cost of the rations for the 
men and the animals For the last named the cost wall be, 
based upon the present price of oats and hay at Atlantic tide- 
winter, $1 00 per day, as a lioullhy, hard-working mule will 
need sixteen quarts of outs and iw’enty pounds of hay dally, 
if you expect the animal to work The inon will eat up more 
money, If not an equivalent weight in f(M)d 

While the mule train Is making Its twenty-odd miles per day, 
with 24,000 lb of useful load, the airplane Is hurrying to 
and fro at eiglity miles an hour, as against the three miles of 
the mules, and taking with It on each trip about 1,200 lb. 
or at the rate of a round trip from the mine to the railroad 
and back, the distance being assumed to be twenty miles, 
In half an hour, not allowing for time to load amt unload 
During u day, therefore, the plane could carry back and forth 
over such a line sixteen loads of 1,200 Ih each, or something 
better than half of what sixty mules could transport At the 
end of the second day the plane would have equaled the work 
of the sixty mules for the first day, and from then on there 
would be no contest — Just a runaway for the plane. 

Considering the cost of the two factors In this work, the 
mules and their drivers would consume more than one hun- 
dred dollars per day in food and wages; the plane would eat 
up 160 gallons of gasoline and the pilot would cost $10 each 
day. Depredation of both airplane and mules is not consid- 
ered, but both depredate proportionately in value as carriers. 

The Andes in South America offer a suitable field for the 
use of ailreraft. There are not many roads and there are few 
trails. Both prospecting and develophaent (Niuld be served 
in almost inaccessible situations. Tool? add food supplies 


could l>e brought In at a saving In time and with a sureness 
that could not be equaled by any other means. Bolivia, 
Peru and Brazil embrace considerable areas of promising 
mineral ground, it may be conjectured, but much of It is in- 
accessible on account of absence of roads and trails. The 
Chilean nitrate ittelds could have been reached by exploring 
parties in no better way than by airplane 
The w'est coast of Mexico, the Sierra Madra country, and 
other parts of Mexico, Indifferently served by roads, present 
an inviting field to the prospector-aviator. 

The Arctic regions, Canada and northwestern Canada, Si- 
beria, Chinn, and Africa are countries in which ordinary 
means of trunsi>ortation and travel are indlfTerent or almost 
wholly Inadequate. The desert regions of Australia form a 
vast area presenting possibilities for exploration by flying 
machines 

As an example of the excess] \e time consumed In certain 
features of mine-exam I nation work, mention may be made of 
a copper region east of the Mackenzie River, In northwest era 
Canada. It possesses many of the characteristics of the Michi- 
gan copijer country To visit this region and complete an ex- 
amination uould require two years, one year to go In and an- 
other to coiixe out With an airplane it Is probable that the 
trip could be made from Dawson in a day’s time 
There are certain inherent llmitutlons on the use of air- 
planes and dirigibles. Both are dependent upon a gasoline 
supply. In the case of using suCh ai^plmnces In prospecting, 
the conditions are much the same as would apply to an ocean 
steamer with but a single base for Its fuel supply The iiuixl- 
niuni outward trip mileage Is equal to hut 40 per cent of the 
fuel supply This leaves only a 10 per cent margin on both 
the outward and return voyages Further, It would Indicate 
that, if the gasoline supply In the case of an airplane would 
be sufficient for 500 miles at economical speed, and with a 
normal lon<i of freight and passengers, the extreme safe 
radius of action would be 200 miles Thus, from a gl\en 
center of gasoline supply, the area included within a circle 
of 400 miles diameter t*ould be served With a mileage supply 
of gasoline equal to 1,000 miles, the radius would he 400 miles, 
and the aiea, ii circle of 800 miles’ diameter 

By estaldishing a supplementary supply point and dividing 
the trips Into pairs, one for extra gasoline trunsiwrt to the 
supply is)lnt and the other for freight service, the trip in any 
one dl reel Ion could be doubled This computation is bused 
on the assumption that the W'clght of gasoline curried as 
freight w’ould be equivalent to the 500 or 1.000 miles assumed 
respectively for suCh case. These figures assure to a consid- 
erable extent Uiat territory within a practicable distumv 
could be sor\ed, although special arrangements would be neces- 
sitated for trips from 500 to 1,000 miles in length These 
would, of <*uurse, require gasoline-supply points at suitable 
landing places en route. The handicap would he the necessity 
of bringing gasoline to the supply points B> employing two 
machines, one could be used for supply stations with gasoline 
and the other for freight and passenger m^rvlce 
With the use of airplanes, the practical difficulty would be 
to find suitable landing j)lm*es. Necessarily, the first trip 
Would be the most hazardous, hut after marking and mapping 
the landing points, the continuation of service would not be 
supremely difficult. It Is worthy of note that In regions con- 
taining a number of lakes, us is tbe case In many parts of 
Canada, the hydroplane would be especially adapted for 
utilizing the lakes f<»r landing places 
In the ca.se of the “blimp” or dirigible, the radius of action 
would be greater and would admit of reasonably close cal- 
culation. There would be a nice division between fuel weight 
and freight weight. Once a definite route had been estab- 
lished, the proportions of freight and gasoline would be con- 
stant As in the case of airplanes, longer voyages could be 
attempted by establishing supply stations. As the dirigible 
could land In a limited area, the pioneering trip of the dirigible 
would be less hazardous than that of the airplane. 
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The weak point of the diri^hle is the difficulty of ade- 
quately protecting it at terminals. Some kind of a structure 
would be required, at least at the starting terminal, and, 
where establiehed service ensues, also at the distant terminaL 
Unlike the airplane, the dirigible could travel at night. The 
expense of a terminal shed would be almost prohibitive. 

Probably the most vital question would be the one of safety, 
and, after that, the cost The construction of both airplanes 
and dirigibles has advanced to the point where both types are 
safe structurally and mechanically for normal conditions. 
The danger lies In operation and abnormal weather conditions. 
Experienced operators could undoubtedly be obtained, and 
by confining actual flying to periods when weather conditions 
are suitable the risk could be minimised. Transportation 
through the air would probably never be as safe as ordinary 
travel. Hidden defects in mechanical equipment might easily 
force landing in unsuitable and dangerous places; particu* 
larly so where it is proposed to use such devices over moun- 
tainous country, as would most certainly be required In pros- 
pecting. A highly specialised class of skilled labor would 
have to be employed, and, for service over a long period, an 
organisation with headquarters and repair shops would be 
necessary. 

The cost of operation, as previously indicated, would be 
high, but in the aggregate it is doubtful if it would exceed 
the cost of trails or roads. A 100-mlle trail at $500 per mile 
wiDUld equal $50,000; a wagon road of the same length at 
$2,000 per mile would be $200,000. Road and trail cost would 
of necessity be comparatively figured in any actual case. Con- 
sidering the saving in time, as pointed out before, the number 
of cases where flying machines could be used for prospecting 
and development w^ould not be negligibly small. 

Already the airplane is a common sight in the oil fields of 
the West, and the skies of California are never clear of its 
gausy wings. It has conquered the Atlantic and is about to 
venture the Pacific for a $50,000 prize. Airplanes are no dream ; 
they are one of the hardest of hard facts; they are the car- 
riers, the fleet messengers, the fighting wasps and the uncon- 
querable servants of man, wbo has created and harnessed 
them. Soon they will swarm in every sky, and the mining 
man who has not adopted them for his purpose will compare 
with the farmer who, on bis way to market with his horse- 
drawn produce, is passed by the other chap in the motor truck, 
on his way home with the cash In his pocket. 


RECENT PROGRESS IN THE INVESTIGATION OF THE 
UPPER loAYERS OF THE ATMOSPHERE.* 

By Dr, K. Schouch. 

Even at the very beginning of systematic observations 
of meteorological phenomena, early in the previous cen- 
tury, the significance of the occurrences in the upper 
layers of the atmosphere was recognized. However, meteorolo- 
gists were long obliged to confine their observation merely to 
the trend followed by the clouds. It was not until the turn 
of the century at the beginning of our modern conquest of the 
air, when the necessity for information concerning the atmos- 
phere became indispensable, that methodical investigation of 
the upper atmosphere was Instituted. 

Pilot balloons have boon of especial service in this respect, 
whether sent up empty for the purpose of the rapid measure- 
ment of high winds or whether provided with registering ap- 
paratus so as to furnish dota with regard to air pressure, 
temperature, and humidity of the upper regions of the atmos- 
phere. These rubber pilot balloons possess the great advan- 
tage of making their entire upward Journey with a constant 
vertical velocity, as was proved by Hergesell. The informa- 
tion obtained from pilot balloons with regard to atmospheric 
phenomena has been enlarged particularly in Germany by 
means of kite ascensions. 

During the late war both sides experienced the necessity 

nVanaiatod for the ffoimtUio American Manikty from UmechaM 
(Prnnkrtirt on-Mnln) 


of placing the military weather service upon as broad a tMuds 
as possible. It was particularly necessary to provide the sir 
service with exact data concerning the air currents In the 
middle layers of the atmosphere. Because of the blockadf 
Germany found herself short 'of rubber for the making of 
pilot balloons and, therefore, employed as a substitute paper 
made air tight to a certain degree by means of suitable Im- 
pregnation, These balloons naturally did not possess the 
unlimited ascensional power of the rubber ones, but since they 
were able to attain an altitude of about 6,000 meters they vrere 
sufficiently servicable for the needs of the air service, and 
because of their greater cheapness they will doubtless be em- 
ployed for practical weather service even during times of peace. 
The rapidity of ascent of the paper balloons Is, however, not 
the same at all heights as it is in the case of the rubber bal- 
loons; consequHitly their course most first be determined 
by empirical methods. Afterwards it is sufficient to observe 
tbe ascent of the balloons from a given point 
A very great disadvantage was experienced in the determi- 
nation of wind conditions under a cloudy or rainy sky, and this 
was a serious matter, particularly for the artillery. The 
French were the first to obviate this difficulty by the ingenious 
method of sending up a pilot balloon provided with a number 
of melinite cartridges arranged in a row along a fuse in such 
a manner as to explode at given intervals during the ascent 
The resulting detonations were received in sound meters and 
these acoustic signals were evaluated by means of simple 
graphic methods similar to those employed for optical signals 
luring fine weather. In this manner it was usually possible 
to make measurements of the velocity of air currents up to an 
altitude of 7,000 meters. The kite measurements previously 
made as a usual thing attained only very moderate heights 
Because of the discontinuation of meteorological information 
over the domain of the Atlantic Ocean, the prediction of 
storms was made considerably more difficult for the Central 
Powers. On this account it was more necessary than it was 
previously to obtain and make use of information concerning 
the distribution of temperatures, humidities, or air pressures 
in the upper layers of the atmosphere. Since, however, kite 
stations require not ohly an extensive provision of apparatus 
but even more a skilled staff, and the latter cannot be quickly 
trained, difficulty was experienced in rapidly Increasing such 
stations. On this account recourse was had to flying appara- 
tus as a substitute for kites. These were furnished like the 
kites with registering apparatus and succeeded in securing the 
desired data. Furthermore, the art of photograrametry, which 
made excellent progress during the war, was impressed into 
service of the weather bureau. It is quite i>os8lble by taking 
records of two points at a certain distance from each other, 
to determine the height and also (an especially important 
point) the angle of Inclination of cloud strata. This method 
Is especially valuable for the investigation of the otherwise 
almost inaccessible stratum of the lofty cirrus clouds, and It 
is precisely in this stratum that the processes of circulation 
are of supreme significance as regards the origin of storms 
upon the surface of the earth. 


NEW USE FOR ABANDONED MINES, 
old abandoned mines are going to be put to some 
possible use according to the latest suggestion ; A mine super- 
intendent in the Joplin-Mlami, Mo., district has visions of 
making a fortune out of mushroom raising in the abandoned 
mine drifts in that section. They are continually warm, Just 
about moist enough, and in those where mules have been 
utilized for ore hauling there is plenty of good soil. The 
superintendent has rigged up an Ingenious electric lightiM 
scheme, with tinted globes, some one having told him mui^ 
rooms must have a little light, even If it Is not sunshine, and 
he has planted his first bed and is awaiting results. If It 
works he estimates there Is enough acreage in tbe abandoned 
mines in the district to produce mushrooms for the whole 
world. 



Airplanes in Mine Rescue Work 

• Quick Transportation of Rescue Apparatus to Mine Disasters 

By F. J. Bailey 

Assistant to the Director, U S. Bureau of Mines 


I N the fall of 1910, the U. S. Bureau of Mines began an 
Inquiry as to the possibility of utilizing airplanes In 
conjunction with Its rescue work, for quickly transporting 
engineers and oxygen rescuo-appuratus to mine disasters. 

It was realized that this proposed dse of airplane has 
serious limitations, and, if it were feasible, that the Bureau 
would have to rely on the cooperation of the established 
aviation fields of the U. S. Air Service for furnishing air- 
plane service. Therefore, Van. H. Manning, Director of the 
Bureau of Mines, under date of October 28, 1919, wrote the 
Director of Air Service outlining the rescue and first aid 
organization of the Bureau, the location of headquarters of 
district engineers, the distribution of safely oars and sta* 
tlons, and other essential details, and asking whether the 
Air Service could cooperate with tlie Bureau in the event of 
seHous mine disasters. Major-Qeneral Charles T. Menoher, 
Director of Air Service, responded that the Air Service would 
be glad to cooperate insofar as possible, and designated those 
Air Service stations nearest the district engineers’ headquar- 
ters, which might be best able to assist. 

The Bureau of Mines has ten mine rescue cars and eight 
mine safety stations distributed throughout tlio mining re- 
gions of the United States, The cars are each equipped with 
sets of oxygen mine-rescue breatlilng-appuratus and first-aid 
supplies. The car personnel consists of a mining engineer, 
surgeon, foreman, first-aid miner, clerk and cook A foreman 
miner is in charge of each Biatlon and at five of the eight 
stations are mine safety trucks The work of the cars and 
stations Is twofold: (1) Assisting In rescue and recovery 
work at mine disasters, and (2) training miners in mine 
rescue and first-aid methods, and In Investigations looking 
to prevention of mine accidents. The country Is divided Into 
nine safety districts, with nine district engineers In charge. 

A preliminary survey has Indicated that airplane service 
might be effectively utilized in the flat-flying coal-fields of 
Illinois and Indiana, and a cooperative agreement has been 
made whereby McCook Field, Dayton, Ohio, will maintain in 
readiness planes for assisting the Bureau of Mines safety 
station at Vincennes, Indiana, in Its rescue work 
The Bureau of Mines district engineer at Vincennes will 
collect data on possible landing-fields near the mines In this 
district, with maps Indicating these land-places, their prox- 
imity to mines, or to towns and railway stations. 

In event of the Vincennes station receiving word of a se- 
rious mine disaster at a mine where a landing field is availa- 
ble near by, or where train or auto connection could be made 
with a decided saving of Ume, a call for planes could be 
sent to McCook Field. The planes could land at the Vincennes 
municipal landing field, where the district engineer or fore- 
man miner of the Bureau’s station would be waiting, taking 
on gasoline and other supplies needed from the Bureau of 
Mines service station, maLntalned there, end carry the Bu- 
reau’s engineer with sets of rescue apparatus to the landing 
field near the scene of the disaster. 

The Bureau’s engineer will thus be able to assist In directing 
the preliminary steps In effecting an organization for recovery 
work. In the meantime, a fully equipped Bureau of Mines 
rescue car or auto truck can be rushed to the mine, and on 
arriving there will find an adequately directed organization 
already functioning, thus saving valuable time. This may 
result In saving llTes that might otherwise be lost. 

COWSlfitKEXTXOMS AS TO ttSTBJCTIVBirKSS QF AISPUAIffE USB. 

Mueb rcmalai to be dona before any tleclalve etatementa 
can be made as to the extent and effectlvenAB with whldi air- 


planes can utilized generally In mine rescue work through- 
out the count r> The difficulties and problems involved are 
many, some of these are discussed In the following paragraphs : 

The distance of the Air Service stations from the Safety 
stations, and then to the mines, is a prime consldorution The 
Air Service stations are on an average of 150 miles from the 
safety stations, but some of them are much farther. Infor- 
mation as to flying time compared with time of travel by 
railroad or auto service is needed to predict whether airplane 
service, or coiublned air and surface service could be utilized 
with advantage. 

The greatest problem is that of suitable landing fields. 
First, fields must be available at the town where the safety 
headquarters are situated; second, fields must be established 
at the mines. As regards establishing landing fields near 
mines, careful survey for level places that could be prepared 
without much difficulty Is necessary. In mountainous mining 
districts there are at man> mines no level places suitable 
for landing Such conditions are found in metal and coal 
mining districts of tlie Rocky Mountain States and the Pacific 
Coast States, and in a niimlier of the coal fields of the Appa- 
lachian region. 

The present types of airplane require a landing space about 
1,800 feet In extent In both directions The development of 
planes capable of ascending from, and descending to, a landing 
within a limited area would overtime the present lack, at 
many mine, of safe landing areas 

CAKRVINQ CAPACITY AND FLYING BADIUS. 

The sen Ice stations must have planes suitable for the 
work. Some Air Service fields are not at present equipped 
with types of planes suitable for carrying additional load, 
such as a passenger and rescue apparatus, or with planes 
carrying sufficient gasoline to provide a good flying radius. 

Flying at night, cdspecially in a mountainous country, would 
not be feasible Neither could ships safely take the air in 
stormy weather. In regions of heavy snow, as In the Lake 
Superior District, planes could not be used in winter months, 
because the obliteration of land-marks by a deep blanket of 
snow makes It difficult for the aviator to pick his route 
with certainty. 

An aerial map of the mining districts, showing safe landing 
fields, established aerial routes, and similar data is eesential. 
The Civil Operations branch of the Air Service has made 
much progress on the mapping of commercial landing fields, 
and the development of a system of aerial routes. The 
Bureau of Mines engineers In their field work will be able 
to compile data on the surface condltloiis near each mine 
visited, and map places suitable for landing fields. 

CONCLUSION. 

In conclusion it should be remarked that too much should 
not be expected for the present In the use of airplanes in 
mine-rescue work. The prospects for such utilization In the 
mountainous districts of the West, or in hilly regions of the 
East, are not bright In the mining regions of Illinois, Indiana 
and other middle states where the surface is comparatively 
level, there are excellent prospects that airplanes can fre- 
quently be used with advantage. If such use should result 
in the Saving of lives at even one dlsaeter, it would amply 
justify all the time and effort expended In this work. More- 
over, as the commercial use of the airplane exxmnds and 
Improved types capable of landing in a small area appear, the 
field of application of airplanes to mine rescue work will be 
greatly broadened. — S. Bureau of Mines, Reports of In- 
vestigations. 



Automobile Exhaust Gases in Vehicular Tunnels 

What Per Cent of Carbon Monoxide Can Be Endured with Safety? 

By A. C. Fieldner, Supervising Chemist, Pittsburgh Experiment Station, Bureau of Mines 


T he rapidly IncTcusing use of motor vehicles and trucks 
in the United States le creating an entirely new prob- 
lem in the proper ventilation of tunnels, subways and 
other rt>nfiiied spaces through which such machines must pass. 
Thin problem has Itocume of immediate iiniK>rtaace because a 
tunnel 8,000 feet long is being designed to puss under the Hud- 
son River between New York City and New Jersey. Another 
tunnel at Pittsburgh, 6,700 feet long through the South Hills, is 
already undei construction, and u third tunnel, 6,000 feet long, 
between Boston and East Boston, is proposed. It Is probable 
that other tunnels will be started in various parts of the 
United States In the near future. 

The ventilnllon of such tunnels Is a serious matter on ac- 
count of the poisonous nature of automobile exhaust gases. 
It Is not uncommon to read about finding a man dead in his 
garage. Generally this happems on a cold winter m<»rning, 
after he has been running the engine with the doors and win- 
dows closed. 

The poisonous constituent of automobile exhaust gas Is 
carbon monoxide. It is the same gas which has caused the 
death of so many miners after mine fires and explosions It 
Is also found in Illuminating gas, and there, likewise, has 
caused the death of many iiersons. 

Carbon monoxide has no color, taste, or smell. The smoke 
Issuing from the exlmust of un automobile is not carbon 
monoxide, although where there Is smoke there Is usually 
earbon monoxide present. The amount of It present in au- 
tomobile exhaust gases varies under different conditions of 
running a machine Probably the principal cause for varia- 
tion is the adjustment of the carburetor. A rich mixture 
may give as high as 10 per cent carbon monoxide In the ex- 
hause gases. A very lean mixture will give an exhaust gas 
containing nothing, or perhaps not more than one or two per 
cent All gradations between these percentages occur. For 
this reason, engineers who have to design the ventilation for 
tunnels have no accurate Information on what the average 
percentage of carbon monoxide is likely to be. 

Very few tests have ever been made on cars taken from 
the street and tested in the condition under which they were 
operated, and the onlj ^\ay to obtain this information Is to 
run a great many tests on the road under exactly the same 
conditions as will prevail In tunnels, using cars and trucks of 
various sixes, so that average results may be uivtalned for 
each type of machine. 

METHOD OX CONDUCTING AUTOMOBILE ROAD TESTS 

In order to obtain information as to the amount and com- 
position of automobile exhaust gases, tlie Bureau of 3Mines has 
undertaken to make tests at its Pittsburgh station, on a num- 
ber of passenger cars and trucks, about 100 In all The ex- 
pense of carr>ing out the work is being btirne by the New 
York and New Jersey State Bridge and Tunnel Commissions, 
who need the information for designing the tunnels under the 
Hudson River. Pittsburgh la also contributing to the work 
by furnishing the necessary cars and trucks for making the 
tests, as the local need for the Information is great, to Insure 
adequate ventilation for the tunnel under the South Hills. 

In naaking the tests an accurately graduated tube contain- 
ing the gasoline to be used Is attached to the carburetor. An- 
other apparatus for collecting the gas sample is attached to the 
exhaust pii>e by means of a rubl>er tube. The car is taken 
to the test course and run for exactly one mile at the required 
speeil. During this period the gasoline is accurately measured 
and a sample of gas Is collected. The gae sample Is sent to 
the )8ureau of Mines laboratories and Is carefully analyzed 


for all constituents ; and from these results the number of 
cubic feet of carbon monoxide given off by the car Is calcu- 
lated. 

Tests are made on a level grade and up and down a three 
per cent grade, at rates of speed of 6, 10, 16 and 20 miles per 
hour. Tests are also made with the engine racing, idling, and 
accelerating, so as to reproduce conditions In a tunnel when 
it is crowded with cars which are starting up after a blockade 
in the traflic. Nothing is overlooked la obtaining information 
which will show the worst possible conditions that might arise 
in a tunnel. 

EFFECT OF CARBON MONOXIDE 

The carbon monoxide in exhaust gases Is an active poison, 
for the reason that it unites with the red coloring matter of 
the blood and prevents It from taking up oxygen from the 
air. The victim really suffocates In much the same way as if 
his air supply were shut off. Only very small percentages of 
cari)on monoxide are needed to render a person unconscious. 
^>ne per cent in the atmosphere will produce death very 
quickly. I have been in 0.1% carbon monoxide for one hour, 
and suffered a distinct headache from thte exposure 

In order properly to calculate the amount of air that is 
needed to sweep out exhaust gases from a tunnel, engineers 
must know w’hut Is the largest allowable percentage of car- 
bon monoxide that a iierson may breathe for several hours 
without any 111 effects whatsoever. This problem la also being 
investigated by the Bureau of Mines The work is carried 
on by Dr Yaiidell Henderson, of the Bureau, at the Physio- 
logical Laboratory of Yale Medical S(*hool, New Haven, Con- 
necticut. lie Is determining lust how many parts of carbon 
monoxide in 10,0(K) parts of air may be considered safe. 

At the present time authorities differ somewhat in this 
respect. Practically all of them agree that 1 to 3 parts In 
10,000 are perfectly safe for at least an hour A few authori- 
ties iielievc that even 5 or G parts may be safely tolerated. 
Tlie work being done by the Bureau of Mines should de- 
termine which figure shall be used. These tests are made by 
'subjecting a large number of iieople, who volunteer themselves 
for test, to air containing these small percentages of carbon 
monoxide. 

VALUE OF TESTS TO OW’NEBS AND DEALERS 

The automobile exlmust gas tests when completed will also 
be of great value to owners of automobiles and trucks, and 
also to dealers, ns it will furnish reliable unbiased Informa- 
tion on tlie efficiency of a given machine under particular 
conditions For example, the tests thus far may have shown 
no difference in the efficiency of different makes of cars and 
trucks as regards gasoline economy, but cars of the same 
make showed large variations, due to the fact that the own- 
ers w^re running the machines with improper adjustment of 
carburetors. Most of tliem were using very rich mixtures. 
In fact, the average of 24 cars tested sliowed that 20 to 30 
per cent of the heat in the gafvollne went out In the form of 
unburned gases in the exhaust In other words, if the mix- 
tures had been leaner, the owner would have obtained 26 per 
cent greater mileage from a gallon of gasoline. 

Drivers naturally adjust their cars to start easily In the 
winter time. This means thflit they will use rich mixtures. 

It Is expected to continue the automobile and truck ctests 
throughout Ihe summer, in ordet to find out whether less chr- 
bon monoxide is produced when the machine operates in warm 
weather, and the Bureau of Mines is very anxious that owners 
of automobiles and trucks continue their cooperation in fur- 
nishing cars for test. — U. S. Bureau of Mines, Reports of In- 
vestigations. 



Determining a Meridian from the Svm 

A Readily-Made Pasteboard Instrument 
By John D. Adams 


I N survcytng the public 
lundSt the IT. S. Gen- 
eral Land Office makes 
use of the usual survey- 
ors’ transit etiaippod with 
a solar attachment. This 
device makes it readily 
(jossible to determine a 
meridian with an accuracy 
of a minute or two in arc 
— a result, however, that 
necessitates very close ad- 
justment of the several 
portions of the mechanism. 

In its most Improved form 
the attachment is rather 
formidable in appearance, 
and in this doubtless lies 
the rea son wh > so m any 
engineers avoid it and are 
unfamiliar with its princi- 
ple of operation. 

The surest and certainly 
the most interesting way 
of gaining a clear and 
practical understanding of 
some seeming obscurity is 
to provide, where such is possible, a uoiknig model 
reduced to mere essentials, the nianipuLution (»f which if it 
does not accomplish more than pages of written text will 
surely aid In elucidating them. It Is accordingly the writer’s 
purpose to present, in place of the teleswpe, mirror, latitude 
and declination arcs of the solar attachment, a simple and 
interesting device, consisting of two pieces of cardboard, with 
which an approximate meridian may be mechanically deter- 
mined on precisely the same principle that lies hidden In the 
highly improved instruments used by the United States sur- 
\e,vors By making such a device in a somewhat more dur- 


able form, a means will be 
provided whereby a merid- 
ian may be quickly deter- 
mined within a degree — a 
result hardly to be expect- 
tnl with the magnetic 
needle with all the uncer- 
tainties of local attraction 
From the center point 
on one side of a piece of 
smooth, flat cardboard 
erect a iHfrpendlcular from 
four to SIX Inches long 
Using a point near the up- 
]>er end of this line us n 
center, draw six radii on 
the right hand side of the 
jieriiendKular making the 
following angles there- 
with. 23-^ -27', 22*’-30': 

10^-53', 15‘*-47', 10“ -37', 

and 5“-23' ’rhese will rep- 
resent the sun’s south 
declinations, and should 
be dated as indicated in 
Fig 1 On the other side 
of the perpendicular draw 
sf\ similar uidii for the north de<'llnatlons at the following 
angles - 23“-2T\ 22“-4V; 20*’ -20*. ie“-38\ 12“-00', 6“-27', which 
are also to he date shown 

(hit another piece of cardboard to the exact angle of the 
latl tilde of the place where the device Is to be used, and then 
fasten the two pieces together with a thin cloth hinge 
Tliroiigh the central point of the radial lines tightly insert 
a pieoa of sewing needle Just long enough to project about one- 
sixteenth of an Inch on each side of the i-ardboard At some 
convenient point where the sun’s rays arc available, place the 
lower edge of the lower piece of cardboard on a level surface. 
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holding the same as nearly vertical as possible with one 
hand. With the other manipulate the other piece of cardboard 
until the shadow of the piece of needle lengthens out as far as 
the hinge, when It will be evident that it is in the plane of 
the sun's rays. While nialutaining this condition, move the 
whole about on the level surface until the shadow falls on 
the radius corresponding to the date of observation, when it 
will be found that the vertical piece of cardboard Is In an ez> 
actly north and south position. A few trials will show that la 
no other position will these few simide conditions be met. To 
demonstrate this, simply set the latitude section In any post* 



MOUNTAIN aOLAR fTSANaiT. SHOWINO ENLARGED 
LATITUDE AND DiDCLINATION ARCS 


tion but on the meridian, and it will at once be found that at 
no possible angle of the hinge will the sun's shadow lengthen 
out across the proper date line. 

If it Is desired to make the experiment in the afternoon, 
draw radial lines on the side shown in Fig 1 ; if in the morn- 
ing, the other side should be used, as in Fig. 2. In common 
with the modern solar attachment, the best results cannot 
be obtained within two or three hours of noon, a fact that 
is not due to any defect in principle, but to the smallness of 
one of the angles in the Involved spherical triangle 

As our years are not all of the same length the sun’s declina- 
tion is not always the same on Identical dates, in consequence 
of which more accurate results may be obtained by replacing 
the date lines with a declination arc on either side of the 
center line. By consulting the current cphemerls of the sun, 
the exact declination may be determined and then indicated 
on the arc by a light pencil mark, through which the sun’s 
shadow may then be caused to pass. By means of a metal pro- 
tractor having a projecting arm. It is a comparatively simple 
task for a draftsman to lay out the necessary scale to at least 
half degrees. 

It should be understood that the accuracy of the results de- 
pends to n certain extent on having the horlsontal surface 
quite level, a condition, fortunately, that is easy to attain 
with a piece of board and a small level. Though not so Impor- 
tant a condition, the latitude sector should be held vertical, 
but those who wish to make use of the device for practical 
purposes would, of course, dispense with Oie cardboard en- 
tirely and construct a base of substantial width that would 
always stand vertically. The latitude sector could be made 
adjusta^, the cloth hinge replaced by pivots, and other 
improvements would doubtless suggest themselves. 


It is not the purpose of this article to go into the theory of 
the solar observation, as those who are interested can find It 
duly expounded in standard works, but It is hoped, after a 
little experimenting with the ^cardboard model, that what hrd 
previously appeared a very abstruse matter, necessitating a 
complicated mechanism and elaborate mathematical treatment. 
Is essentially a very simple idea. 

In this connection it may be well to refer to anotiier form 
of solar observation, also used by the U. S. Cteneral Land 
OflSce, called the “direct solar.” The sun is observed through 
the main telescope of the transit, and its altitude in a ver- 
tical plane measured. Its azimuth is then calculated by 
means of the following formula: 

Sin Declination 

Cos Azimuth =- Tan Latitude X Tan Altitude 

Cos Latitude X Cos Altitude 

For south declinations the sun’s declination is considered nega- 
tive. If the algebraic sign of the result Is positive, the azi- 
muth is referred to the north point; If negative, to the south 
point. 

In this form of observation the Involved spherical triangle 
Is solved mathematically, whereas with the solar attachment 
the solution is effected mecanlcally. By means of logarithms 
the above formula Is reduced very quickly, and In taking a 
set of several readings it will be noted that all but the two 
term.s involving the altitude may be considered constant. 



PRBCl&B TRANaST WFUB TBLEBCOPIC SOLAR ATTACHMENT 


An Interesting and simple means of experimenting with this 
form of observation for meridian is Illustrated in Fig. S, and 
although only paper and wood enter into the construction it is 
readily possible to determine ttiereby a north and south line 
with an error of less than thirty minutes. A well seasoned 
block about five Inches square and an indi and a half thick 
should be procured from the mill, where facilities are always 
available for securing a high degree of accuracy in sawing. 
On one surface only a paper protractor, reading to thirty 
minutes, is to be attached by means of glue— the glue being 
applied to several small spots rather than to the entire surface 
to prevent warping. In placing the protractor, set the blopk on 
a perfectly flat surface, and line up the 90* mark with a steel 
square, which may also be used to determine whether the 
surface of the protratcor stands at right anides with the 
horizontal surfSoe. This condition is important, and any 
slight adjustment that may be necessary may be made by 
pasting on a narrow strip of paper along the proper edge 
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of the base. Prepare a small radial arm of the form Illus- 
trated, and in the upper projection drill a hole about the size 
of a pin, so that the sun's rays may pass through and illumi- 
nate a small on the lower projection. This arm Is at- 
taAied to the block by means of a pin or small nail near the 
upper end put In at the exact center of the protractor. Set 
the arm at 90”, and with the steel square resting on the same 
horizontal surface as the block, make a small dot on the 
lower projection of the arm to Indicate where the sun's image 
should fall. 

To determine a meridian, carefully level up any convenient 
flat surface, on which the block should be moved about until 
the surface of the protractor is In the plane of the sun Adjust 
the angle of the arm until the image falls on the small indi- 
cating dot, then record the sun's direction by drawing a line 
with a sharp pencil on the horizontal surface using the lower 
edge of the block as a ruler, after which read the altitude. 
The above formula will then give the relation of the sun to 
the meridian, which may be laid oft with a protractor set on 
the line prvelously drawn. 

By consulting an ephemerls It will be seen that for prac- 
tical purposes the exact time is not a matter of great Im- 
portance. To avoid the necessity of interx)olating with the 
eye In reading the altitude, one may follow the sun for a 
minute or two until the reading is an cxoct division on the 
arc, when the mark may then be made on the horizontal 
surface. This may be repeated several times in a few mlti- 
utos, and the mean of dll the results taken. 

A very convenient ephemerls of the sun and Polaris innv 
be hud from the Superintendent of Documents, Government 
Printing Office, Washington, for five cents. 


AN IMPROVED TOWINO SPAR WHICH CAN BE USED 
AS A NAVIGATIONAL INSTRUMENT. 

Bv Lieut. Commandeb S F, Hkim, U. S. Navy. 

In these days of radio compasses and gyro controlled arti- 
flolal horions, it might he considered rather Into to offer a 
scheme for taking sights by bringing the heavenly body down 
to a spar towed by the ship. The writer has read In the 
U S. Naval Institute Proceedings of sights being taken on the 
waterline of another ship, on a boat sent out by the ship and 
even on a chip log astern of the shlip, but never on a towing 
spur which would seem to be the logical method because it cun 
be let out from the ship without stopping or altering speed and 
Its distance from the ship can be controlled accurately by 
marks on the tow line. 

The scheme seemed so simple and plausible that the writer 
wondered why It had not been done before and he inquired of 
experienced officers and searched the tiles of the Naval Institute 
but failed to find where it had e\er been tried. To test his 
theory he went out in the bay off Greenhury I’oint on a .sub- 
marine chaser and steamer both day and night and took sights, 
using an ordinary towing spar with only 350 feet of line. A 
small waterproof storage battery light was attached to the 
spar at night. The results of these trials were accurate far 
beyond expectations. These results In altitude difference by 
Marcq Saint-Hllalre method were accurate within 1 minute 
of arc. 

Of course it Is realized that conditions here were ideal, 
with no wave movement of either the spar or the ship; but 
It is proposed to eliminate these errors os far as practicable 
at see by use of the improved towing spar which will remain 
afloat with 500 or 000 yards of line out from the ship. The 
longer the length of line the more accurate will be the results. 
The maximum possible error due to rising and falling of 
spar in sea will be the angle with tangent equal to maximum 
rise divided by length of tow line. Thus with a 8-foot rise 
and fall of spar with 000 yards of line the maximum error 
would be 5 minutes lu altitude. 

The three views of the towing spar are self-explanatory and 
a description is unnecessary. This spar* was developed and 
need by the commanding officer of the **U.^ S. S. Charleston" 


while engageil in eon\oy duty during Uie war. The old navy 
towing spars and speciul sheet metal tank spars supplied to 
ships were useless for this work because they would tow 
under at the distances at which they were desired to be used. 
The towing under was caused by two things : their shape and 
the towing line. The improved spar shown in sketch was 
towed by a small wire rope of about the diameter of a lead 
pencil. This >\ire line was wound on a small reel secured >ust 
forward of the quarterdeck winch. The spar was h*auled in 
by means of the deck winch. It was found that manlla line 
was unsatisfactory for towing spar work because the water- 
logging and friction tend to pull the spar under. It will be 
noted that a strong keel or centerboard is attached to the spar. 
This is an important feature which causes It to tow during 
turns and pre\ents capsizing 



By having at hand a table of “dips” to use for different 
speeds and lengths of tow line, the operation of taking a sight 
would be comparatively simple He could take the bearing of 
the heavenly body to be f>bser\ed and then head the ship 
dirc-iHly aw^ay from the body and with spar out take a series 
of sights. The a\ernge of the series should be taken to 
counteract the errors due to wave heights of the spar. By 
practice in fair weather when the “dip corrections” are com- 
puted he could determine Uie limits of accuracy and how 
much confidence to place in it when occasion for its use 
arrlvev We have all expt^rlenced the occasion when a sight 
was highly desirable or even necessary with the sun out or 
stars shining hut no horizon visible. — Copyrighted by the U. S. 
Naval Institute. Reprinted by permission, from the Proceed- 
infi8 of the Institute, March, 1920. 


CONCRETE PONTOONS FOR SHIP SALVAGE. 

A SET Of reinforced concrete floats have been built by 
Messrs. Christlani and Nielsen says Le G6nie Civil (Feb. 21, 
1920) for the salvage of ships. The floats are cylindrical and 
measure 21 meters long and 3 00 meters in diameter. Each 
float has a bearing capacity of 100 tons and is designed to 
lift 200 tons It can withstand an external pressure 2 kg. per . 
cm* and in exceptional cases 4 kg. per cm* so that it may 
be used at depths of 40 meters. 
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SELENIUM AND TELLURIUM. 

TWO “mark K1JCMKNT8** WITH P08S1DILLT1KM 

By Victor Lknhkr, 

ProfeMor of Pboinltitry In University of Wiscon- 
sin, anid Member of the National Research 
Council's Committee, on the "Usea of 
Solcnium and Tellurium " 

T he two “rure elements,’* selenium 
und tellurium, which are In many re- 
si)eots similar to sulphur, are not so 
rare as In jrenerully supposed. Indeed the 
term “rare element*’ is In general a rather 
vague and Indehulte expression. For ex- 
ample, titanium is commonly regarded us a 
rare element, although F. W. Clarke lias 
shown it to he more plentiful than carlton, 
sulphur and phosphorus combined. Titan- 
ium is, therefore, very plentiful, but the 
number of its chemical compounds very 
limited. 

A recent estimate of the amount of selen- 
ium und tellurium that can be produceil ut 
present In the United States, without making any ina- 
ferial additions to the present plants, has shown that 
this county* can furulsii annually more than 300, (KM) 
IioundB of selenium and alniut 1:25,000 pounds of tellurium. 
Tlie elements are inai'kctert commonly in elementary form 
although some of tlie refineries liave produced sumll quantities 
of derivatUes, such us sodium selenite and tellurium dioxide. 

Tlie general chciiii<‘ul characteristics of these two elements 
closely follow' those of sulphur, Iiuleed the types ot selenium 
and tellurium cx>mi>ounds are in general tiiose of sulphur, but 
due to tlielr higher atomic weights tliey are more metallic 
Tellurium in elementary form looks much like antimony. It Is 
white, strongly crystalline. s<j strongly crystalline that It is 
quite brittle and can l»e easily iwwdered Toward the adds 
It Is as refractory as antimony Toward alkaline solutions It 
Is stiongly resistant wlille la water or in moist air, it does 
not rust or corrode appreciably. It is known that antimony 
can be electroplated and gives u durable plating It would 
be interesting to study tellurium In this direction A sys- 
tematic study of the available electrolytes that can hold tellu- 
rium in solution f^>uld be carried out advuntageousl.v Anti- 
inon> lias been succesafulb used for many jears In antifric- 
tion allots and is an essential i^mstituent of stereotype metal 
No recorded study is known of an attempt to utilize tellurium 
in these alloys, Tlie whole field of the metallic alloys of 
tellurium needs to be studied carefully, and, unquestionably, 
an element whose general < huructerlstlcs are so close to anti- 
mony will almost certainly be found to be a useful metal in- 
stead of as at present having no practical applications 
Another metallurgical line which has not been studied in 
any detail Is the action of these tw'O elements in the Iron and 
steel industry. The effects of sulphur and phosphorus on 
Iron and steel have been very carefully studied. The objec- 
tionable phosphorus has been most scrupulously removed by 
the basic open-bearth process as a result of years of study 
and observation, yet today we are actually adding iron phos- 
phide to <qKm-heurth steel, which la to be u«ed for certain 
purposes, to bring up its phosphorous content. It is interesting 
to contemplate what careful experinientatioa would develop on 
the Inffuom^ of selenium and tellurium on the various grades 
of steel. 

Selenium in the so-culled metallic iSorm lias long been char- 


acterized by its unique action toward light. 
Its conduotivity of the current varies so 
greatly when brought from the dark into the 
light that this peculiar property of Its con- 
ductivity, varying as It does, directly pro- 
portional to the Intensity of the light, has 
caused the development of the selenium cell. 
This cell, or, In reality, a resistance appara- 
tus, has found numerous uses at various 
times, such as automatically turning off city 
gas lights at daylight. It has been used in 
lighting and extinguishing the lights in light 
buoys, in army signalling of various kinds 
based on the heliograph principle, as a con- 
trol In chemical processes such as the con- 
tact sulphuric acid manufacture, and In tlie 
wdreless telephone 

It has been known for a long time that 
selenium gives to glass a red color. This 
principle during the wartime was made u^e 
of In tlie decolorization of glass owing to the 
shortage of inauganese which had been hith- 
erto usetl largely for this purpose Selenium Is Introduced into 
the glass either In the elementary form or uS a salt of selenium. 
The rose color which selenium imparts to the gloss Is not 
exactly tlie ix>nipleinent of tlie green of the ferrousl ron hence 
it is cominon i>rnctice to add a small amount of cobalt oxide 
along with tlie selenium Since both selenium and its com- 
pounds are very readily volatile at such tcmiieratures as are 
used in glass making, a large amount of the selenium decolor- 
izer is volatilized. The loss of selenium is therefore high, and 
as a <*onsequence selenium can only be used to decolorize glass 
when tlie glass manufacturei's are willing to pay the higher 
coet price During the war when the supply of manganese was 
limited selenium was used extensively in glass decolorizing, 
blit as soon ns shipping was resumed and manganese again 
heeaine uvallulde, the use of selenium in tlie glass business 
fell to almost no thing. 

There are a number of possible uses that suggest theraselve.s 
for these elements, none of which has received the attention 
that it deserves. Lithophone, the intimate mixture of barium 
sulphate and zinc sulphide made by bringing together barium 
sulphide and zinc sulphate, is full of suggestions. Various 
colored lithophones cun be produced by using an antimony 
sulphate liquor with barium sulphide when the white barium 
sulphate produced is colored by the orange sulphide of an- 
timony. Similarly cadmium or arsenic liquors give a corre- 
sponding yellow llthophone The substitution of selenium and 
tellurium in llthophone is very suggestive inasmuch as it 
should be possible to replace the sulphur of either the sul- 
phate or that of the sulphide by either of these elements. The 
selenale and tellumate of barium are white and Insoluble 
like the sulphate, while the selenldes and tellurldea like 
many of the metallic sulphides are variously colored. 

The uses of the various compounds of selenium In medicine 
have received some attention, but the derivatives have had 
almost no systematic study. Professor W. J. Gles, of Columbia 
Unlversityi in a very careful study has shown that teQurium 
compounds have a physiological action quite similar to that 
of arsenic, but that the toxicity is much less than that of 
arsenic. The selenldes and tellurides as well as the oxidized 
salts have been experimented with In cancer, tumors, and 
syphilis, but their efficacy Is more or less questionable. These 
few compounds^ which are of the simplest chemical character, 
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are almost the only ones of which any experimental results 
are recorded. When one considers the vast field of important 
and valuable sulphur^ntafnlng organic compounds ranging* 
frAn saccharin to sulphur and in the arsonlcals from Fowler's 
solution to salvarsan, It would seem that there exists an almost 
virgin field for research by the physiological chemist. When 
one thinks of the physiological action of the derivatives of 
tellurium as medicinals, the offensive garlic odor of the **tel- 
lurlum breath" is brought to mind. This will unquestionably 
act as a deterrent in the minds of some, but should certain 
physiological actions be found, they might be so valuable as 
to overcome the objections due to the characteristic methyl 
tellurlde odor. 

In the vulcanization of rubber a few experiments are re- 
corded which seem to indicate the similarity of the action of 
selenium to that of sulphur. Much more remains to he done 
especially along the lines of the use of the chlorides or bro- 
mides of these elements as accelerators. Tellurium and Its 
derivatives have received practically no attention in the rub- 
ber industry. Possibly from the nature of the organic ma- 
terials present, the objectionable methyl telluride again would 
militate against Its use. 

'A relatively small amount of research has been conducted 
with selenium in the dye industry while almost nothing has 
been done along these lines with tellurium One of the first 
lines that would naturally occur to one would be the substi- 
tution of selenium for sulphur in the so-called sulphur colors 
These are among our cheapest colors. There are at present 
two serious obstacles in the replacement of sulphur by se- 
lenium in the sulphur colors. The first is the relative cost 
of selenium to that of sulphur The second is the nature of 
the bath which in the present development of the sulphur color 
process would make the cost prohibitive. There Is, however, 
the i>rt88lbillty that a brilliant and fast color of considerable 
intensity could be found which could be manufactured profit- 
ably The field of synthetic dye-stuffs does, however, possess 
great opportunities for experiment and is almost undeveloped 

The utilization of the less common elements has always 
been a problem which has interested chemists Not many 
years ago elementary silicon was sold at a high price per gram 
and even then It was almost a curiosity to be found wholly 
in museums, yet in combined form It comprises one-fourth of 
tlie crust of the earth. Today silicon In elementary form is 
produced In large quantities at a few dollars per ton and Is 
used on a large scale in deoxidizing non-ferrous alloys Simi- 
larly a few years ago. tungsten was known only as a gray 
metallic powder with no other uses than that of the for- 
mation of the self-^hardenlng steels. Today the use of mallea- 
ble tungsten wire in the lamp bulb and of tlie sheet metal 
ih the spark coll to replace the more expensive platinum, 
makes metallic tungsten a very imiiortant commercial prod- 
uct Along the same line molybdenum, tantalum, and the 
<>xide of zirconium are substances which until recently were 
only museum specimens but today are very useful products 
Only a few years before the war, large money prizes wore 
offered in Europe for methods of utilization of bromine and of 
Itoron. We well know how valuable an clement bromine was 
during the war and of its large consumption since the war, 
particularly in organic synthesis. 

All of the elements which nature has furnished to us must 
find their place as a useful necessity to man. It Is indeed in- 
comprehensible to think that In the entire chemistry or physics 
of one or mure elements there cannot be at least a single 
compound or property that can be utilized by mankind. 

Except for the wartime use of selenium In the glass In- 
dustry* the present uses for selenium and tellurium are very 
limited. A few hundred pounds of each would supply all 
demands. The large amounts of these elements which are 
available today and for which there Is no practical use. have 
caused the National Research Council to create a committee 
on the Uses of Selenium and TeUuriuih.^ This committee, 
consisting of A. B. Hall, Chairman. with*H. G. Greenwood. 


Victor Ijenher, O. C. Ralston. B W. Rouse, S. Skowronski and 
A. W. Smith, has been working in close contact with the pro- 
ducers of selenium and tellurium in the United States, and it 
bus been possible to make arrangements whereby large quanti- 
ties of these elements can be secured at u very low figure for 
experimental puri>oses. The Raritan Copper Works, Perth 
Amboy, N. .1 , the U. S. Metals Refining Company of Chrome, 
N. J., the American Smelting and Refining Company; Omaha, 
Nebr., and the Baltimore Copper Smelting and Rolling Com- 
pany. Baltimore, Md.. which Includes all of the producers of 
these oleraeiUs in this country, will furnish workable quanti- 
ties of these elements for research purposes at cost price. 

Mr. E. W Rouse, of the Baltimore Copper Smelting and 
Rolling Company , will ship at any time reasonable quantities 
of selenium to Investigators gratis, upon the recommendation 
of the Committee of the National Research Council on Uses 
of Selenium and Tellurium, and Mr Arthur K Hall of the 
Omaha Plant of the American Smelting and Refining Company, 
will forward reasonable quuntltle*!j of tellurium, gratis, under 
the same ciummstunces 


THK SEARCH FOR CEREALS, 

Bv H E Howk, Vl<*c-Chairinaii of the National Reseai'ch 
• Councirs Division of Research Extension. 

Notwithstanding the still unsettled question as to wdiether 
heredity or environment exercises the greatest Inllueiice 
upon an individual, it seems (*ertiiln that both play a 
very vital rOle In plant life, particularly iu the more useful 
plants, such as wheat, which we lm^e had occasion to study 
somewhat intensively. Unfortunately, under the clrcumstun<*es 
which produce the survival of the fittest, we can hnrdl> se- 
cure the varieties necessary to guarantee maximum prmUic- 
tion in the various wheat areas of so large a country as tlie 
United States Our occasional severe winters lead to the 
abandonment of large ureas, and under these severe condi- 
tions the entile acreage in a particular local! tv is very apt to 
lie wdpod out, so that we have no survival which will produce 
seed to withstand other unusually hard winters Statistics 
tell us that during the past five years a total of thirty mllUon 
acres of winter wheat have been abandoned in this country, 
which, at the average yield of fifteen busliels, means a loss of 
four hundred million bushels of wheat, with a corresponding 
niunetary loss— and, more nniiorlant, a loss of ftMid to the world 

It was to improve conditions of this sort, us well as to intro- 
duce new cereals fi'om foreign wun tries, that some time ago 
Dr M. A. Carleton, then of tlie Bureau of Plant Industry of 
the U S. Department of Agriculture, began a systematic (col- 
lection of cereals from foreign countries for the purpose of 
introducing new strains and varieties quite different from the 
species to be found ordinarily In North America To what 
extent this work was successful niuy be Indicated by the 
following : 

Wheats used in the production of macaroni and the like 
must be unusually higii in gluten Previous to 1902, wheat 
satlstnctory for this use was not iiroduced in important quan- 
tity Hi the Unit<*d States. Some years before that, a new form, 
now called durum wheat, wms obtained from a semi-arid district 
m East Russia, and introduced la similar districts In our 
country, where other kinds of wheat do not succeed Regular 
grades of this wheat were established at the different boards 
of trade following the harvesting of the first crop of any Im- 
portance, which w’as, as indicated. In 3902 By 1908, our 
annual exports of this variety had reached twenty-seven mil- 
lion bushels, all of which were sent to Europe, where there Is 
a constant demand for wheat possessing the characteristics 
of the durum variety. 

In April, 3913, No. 1 durum wheat sold at a premium of 
8%c a bushel at Duluth and 6%c at Minneapolis over our No. 1 
northern wheat. At the present time, the average crop of 
this variety is approximately fifty million bushels a year, and 
In the last two years its popularity has increased. Our Ca- 
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aadlan neighbors have also adopted the variety. The original 
seed obtained In Russia was less than three hundred busliels. 
It will be seen at once that the result of this piece of re> 
search can be measured in millions of dollars annually, this 
wealth having been added to that of our fanners^ grain dealers, 
millers, macaroni makers, and the public at large. 

Another valuable variety introduced through the efforts of 
Dr. Carleton is the Kharkov hard winter wheat The yield 
of winter wheat is much heavier than that of spring wheat 
In the same locality, but the winters in the great plains north 
of Kansas, and indeed in some part of Kansas, are too severe 
for any American variety. About twenty^flve years ago the 
Ruf^slan Mennonites Introduced Turkey wheat into Kansas, 
bringing it with them from South Russia, and later Dr Carle- 
ton Imported a large quantity of seed wheat from North 
Taurida, Russia, which helped the Kansas situation. In 1900, 
however, the Kharkov wheat, still hardier than earlier va- 
rieties, WHS secured from South-Central Russia, In the Staro- 
besk district of Kharkov Province. The extensive use of 
this variety has resulted in the extension of the winter wheat 
area into Montana and i>ortions of Minnesota and the Dakota.s. 
Simultaneously, the growing of all hard winter wheats was 
encouraged because of their hardiness and their rust reslst- 
an<*e Of our present > early produ<*tlon of from 200 to 400 
million bushels of hard winter w'heut, there Is an average of 
one hundred and fifty million bushels of Kharkov \uriety, and 
the introduction of this strain has again been a benefit to all 
who produce, handle, or use the grain Hard winter wheats 
are considered among the best In the world for milling, and 
are chiefiy grown Ln that area which uses Galvaston as Its 
export outlet. This wheat also supplies the large Kansas mills, 
and Is grown from Oklahoma to Nebraska, eastern Colorado 
to Iowa and the southern portions of Minnesota, South Dakota 
and Montana. 

Simultaneously with this notable work, new varieties of 
oats, millet, and rye have also been brought to us. Swedish 
select oats have been Introduced from northern Russia, and 
this has practically guaranteed the oat industry in some of our 
northern states. This variety has added more than two 
million dollars a year to the value of the Wisconsin crop 
alone. It was developed In Sweden, hence its name, and was 
Introduced In the United States after jears of accUmutlon In 
Russia and B'Inland The early variety of oat, knowm as sixty- 
day oats, which really matures in ninety and not sixty days, 
has been Invaluable to South Dakota, and In general to the 
north-central states east of the Rocky Mountains It was 
brought to us from Poltava Province. Russia, and is perhaps 
the widest known variety of oats in the United States. 

The proBo or Russian millet was Introduced from East 
Russia, and has been found well adapted to Montana and 
Dakota conditions, yielding much better crops in dry seasons 
than do other varieties. This millet Is used as a breakfast 
food in Russia, but in this country it Is fed to hogs, sheep, and 
chickens. It has been an Important stock food in the drier 
districts of the northwest. The Kursk millet comes from a 
Russian province bearing the same name, and the kernels are 


considerably larger than those of the usual millet. Unlike 
the common millet, Kursk millet can be fed to stock with little 
or no bad effect upon the alimentary tract 

The use of rye In food *ls probably a new thought^ to 
many who are otherwise familiar with this grain. Two new 
varieties of rye successfully established in this country have 
come, one from Italy, which is remaking the rye Industry in 
the southern states, and the other from Germany, which, as 
we might expect, has prospered In Wisconsin. 

From the above, it would seem that the search for cereals 
had Indeed been well prosecuted. But there is still a great 
deal to bo done, and at the present time there is need for 
thorough-going research on wheats which will Include not 
only the determining of their present status in the United 
States, but which will consider many of the other varieties 
throughout the world for the purpose of still further Improving 
the crop here. Tim National Research Council is particularly 
Interested In this undertaking, and at the present time Is 
considering the means for continuing the search for cereals. 
We still need hardier winter wheats for our northern great 
plains and our northern central states. There are parts of 
the world where grain Is still harvested with the cradle, and 
frequently the crop thoroughly ripens Imfore the harvester 
reaches all parts of the field. The result is that, through many 
centuries, early non-shattering wheats have been developed, 
and these we urgently need for California and the northern 
Pacific coast states. Improved varieties of early spring wheats 
would be of great economic value for Minnesota, North Dakota, 
and Montana, and early maturing winter wheats should be 
sought for our eastern und southeastern states California and 
Arizona are Interested in early wheats, while our great plains 
and Pacific coast must have more drought-resistant wheats 
Still another addition would be rust-resistant wheats for all 
these various areas. 

In plans now being developed it is contemplated that when 
support has been guaranteed for this work, which is estimated 
to require ten years' time, visits will be made to European 
Russia and Siberia, Turkestan, North Africa, India, Aus- 
tralia, Abyssinia, Italy, Arabia, Persia, Uoumanla, the Balkan 
States, China and Japan, going out among the farmers, and 
gradually finding and securing samples of wheats with the 
desired characteristics. These samples would then be sent 
to the United States, where wlieat nurseries, established and 
conducted In codperation with certain agricultural experiment 
stations, would gradually raise seed from the new varieties 
for larger and larger experimental plots Ultimately there 
would be sufficient seed to Introduce on a commercial scale, 
and with successful variety there would be no question that 
Its use would rapidly spread. 

This, then, Is a project which directly affects a large num- 
ber of our people, and which can be curried on In codperution 
with many agencies. From past performances, it Is safe 
to predict that such work, if properly supported and carried 
through to conclusion, win be sure to yield unusual returns 
and be a notable Instance of the type of constructive work 
which science can perform 


ETHYL CHLORIDE. 

Albebt Henning discusses the technical application of ethyl 
chloride In the Journal of the Society of Chemical Industry, 
transactions, 1920, Volume No. 39, pointing out that commer- 
cial ethyl chlorftdp Is not poisonous and is not more Inflam- 
mable than benzine or methylated spirit. The material Is 
useful in the production of dyestuffs and pharmaceuticals, as 
a local or general anaesthetic, for solvent purposes, and as a 
medium in refrigeration. In Us use there is no need for high 
pressure apparatus since It liquefies at 30* Centigrade at a 
pressure of 12 pounds. Ethyl chloride Is the cheapest ethylat- 
ing agent and Is a particularly good solvent for simple or- 
ganic compounds, fats, and oils, for which It may be used in 


extraction. When more complex compounds, such as those 
containing several hydroxyl groups, are concerned, solvent 
action Is very slight, if Indeed such compounds are dissolved at 
all. 

Ethyl chloride Is the best refrigerant for use In domestic 
refrigerating machines, the use of which Is extendi^. Its 
advantage is that tt may be used at a low pressure, which 
need not exceed 15 pounds per square Inch* When a spray 
of ethyl chloride falls upon a small object Its temperature 
may be brought as low as 30* below zero Centigrade. Its 
use as a refrigerant is also recommended for larger Installa- 
tions and in most instances the circulation of cooled brine 
moy be dispensed with, clrcultating the ethyl ddorlde instead. 
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FISH SCALING IN ENAMELS FOR SHEET STEEL. 

The Jumping off of small particles of enamel which re- 
sults In the defect known In shop practice as “flsh scaling** 
Is probably the most serious defect to which enamels for 
sheet steel are subjected. It occuns Intermittently In prac- 
tically all the plants manufacturing this class of ma- 
terial In this country and entails losses running Into millions 
of dollars to the imanufacturers At the request of the Metal- 
ware Manufacturers Association of America, the Enameled 
Metal Division of the American Ceramic Society, and a 
large number of individual manufacturers, the Bureau is 
carrying on a comprehensive research In an endeavor to dis- 
cover the cause or causes of this defect and the methods of 
controlling and eliminating it. This Investigation was begun 
in July, 1919, and has been conducted energetically ever since. 

Up to the present time, the Bureau has made ninety melts 
of enamel comprised of 21 different c*orapositlons. These have 
been subjected to various treatments lu firing and melting and 
have been applied in various ways to several kinds of steel. 
In all, over 4,000 sample enameled plates have been made up 
to date. This work has demonstrated that one of the most 
Important factors In the production of fish scaling Is too severe 
heat treatment in the firing of the enamel. Excess heat treat- 
ment may consist of firing the enamel at too high a tempera- 
ture or of holding the enamel In the furnace for too long a 
time at a given temi>erature* Other important factors are the 
composition of the enamel, the physical and chemical charac- 
teristics of the underlying metal, the method of melting the 
chemical mixtures used in making the enamels and the shape 
and weight of the metal pieces that are enameled These 
various factors have been investigated to a certain extent in 
this work and will be studied more thoroughly as the Investi- 
gation progresses. 

The data obtained in this Investigation up to the present 
time hav'e enabled the Bureau to be of very material assist- 
ance to several manufacturers In eliminating this trouble It 
seems sery probable that the connfiellon of the investigation 
as now planned will definitely eliminate fish scaling, and 
likewise settle the interesting question of what Is the physical 
basis of the phenomenon 


RELATION OF COMPOSITION OF ENAMEI. TO 
SOLUBILITY IN ACIDS 

For several months the Bureau has had In progress an 
investigation of the relation of composition of enamel to 
solubility in strong mineral acids. The need for this investi- 
gation was clearly demonstrated during the war by the diffi- 
culty manufacturers of acid-resisting enameled wares expe- 
rienced In meeting the requirements of chemical manufactur- 
ing plants. The manufacturers of enameled kitchen wares are 
also Interested in this problem. 

Up to the present time 33 enamel compositions have been 
melted and tested. While the problem Is a large one and the 
investigational work will necessarily be continued for some 
time, results so far obtained Indicate that some of the com- 
monly accepted conceptions of the relation between composi- 
tion and add resistance of enamels are erroneous. The chief 
of these misconceptions seems to be that oxides which are 
similar In nature chemically will have similar effects when 
Incorporated !u enamel compositions. That this Is not always 
true Is shown by the fact that calcium oxide tends to produce 
diamels with very low resistance to attack of acids while 
barium oxide produces quite resistant epnmiels. In connec- 
tion with the gathering of data on the chief object of this 


investigutiou, iiiforinution is being secured in regard to rela- 
tions of composition to their fusibility and to the tendency 
to chip or to craze, or crack. It is expectetl that as a result 
of this investigation the Bureau will he able to advise manu- 
facturers of acid-resisting wares as to the methods and com- 
positions to be used in producing wares of this class superior 
to any now being made, and also that it will enable the Bureau 
to be of material assistance to manufacturers of enameled 
ware for culinary purposes. As a matter of Interest, It may 
be stated that as a port of this Investigation an enamel has 
been produced which appears to duplicate in composition and 
working properties the best grades of B'rench acid-resisting 
enamel. 


SUBSTITUTES FOR ANTIMONY OXIDE IN GRAY 
COAT ENAMEI.S. 

In certain quarters there is objection to the more or 
less common practice of using a small amount of antimony 
oxide In one coat enamels on utensils intended for culinary 
purposes. This objection is based on the rather hypothetical 
assumption that such enamels may be slightly poisonous. Al- 
though the Bureau believes that this is probably not the case, 
at the request of several manufacturers of this type of ware, 
it has undertaken the Investigation of xiosslble substitutes for 
antimony oxides for making such enamels 


NEW INSTRUMENT FOR DETERMINING CO- 
EFFICIENTS OF REFLECTION 

In the design of lighting installations and in tlie case of 
many other applications of illuminating devices, a knowledge 
of the value of the coefficients of reflection of w^uIIm, ceilings, 
or other objects may be of material assistance. The Illumi- 
nating engineer, with the aid of tables and instructions Issued 
by one of the lamp manufacturers in this country, can predict 
with a fair degree of certainty the lllumlnutlou which will be 
proiluced by any given type of lighting installation If he knows 
the shape of the room and the light reflecting characteristics 
of the walls and ceilings 

At the present time there is no instrument available out- 
side the laboratory which will enable the engineer to measure 
the coefficient of reflection of surfaces. Even when the meas- 
urements are made in the laboratory, the process is very diffi- 
cult and tedious, and aubject to rather largo uncertainties. 
Several methods )ia\e been used, but most of them have given 
Incorrect results because of an error in the value assigned to 
the standard surface used. 

In order to remove the uneeitainty In the value .assigned 
to tlie standard surface and to develop an instrument which 
could fte applied to the measurement of surfaces in place, a 
new iiistniment has been developed after extensive expeiimentSt 
and a much better standardiKution of a reproducible surface 
has been made. This Instrument \k light and portable, and 
can be used with any one of a number of types of portable 
photometers, giving results which are reliable. 

The Instrument which has been developed is called a reflecto- 
meter. Aside from the photometer, which measures the light 
Intensities, it consists of a small metal sphere from which 
a segment has been removed, leaving about nine-tenths of its 
original surface. It Is painted Inside with a diffusing white 
paint, and a beam of light is projected through a small hole 
In the wall onto the surface which is to be tested. The test 
surfaces may be compared with a standard surface or with 
a flat surface painted with the same paint as the sphere. It 
la believed that this reflectometer will fill a very real need. 
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<;ENK11AT1N0 sets for radio IJIiBORATORY USB. 

"I'UE resenrrtien and tests In progress in the radio laboratory 
require the use of steady sources of alternating current of 
frequencies from 200 to 10,000,000 cycles per second Several 
generating sets have been designed and constructed in which 
electron tubes and associated circuits are used to produce 
alternating current of the required frequency from a direct 
current power supply. 

One of these generating sets, having a wave length range 
of 30 to 50,000 meters (frofiueucy range of 10,000,000 to 6,000 
cycles) has been built up with a convenient control panel for 
use in standardizing waveiiieters and other radio apparatus 

Another generating circuit, for U8<j In the study of insulat- 
ing materials, is designed with special Inductance colls and a 
special condenser wltli a s<*ule which gives the power loss in 
the sample of insulating material directly, without any calcu- 
lation. This generating set is supplied with power from n 
60Q-volt storage battery of siuuil capacity wTHch is arranged In 
especially (Oincnlent form for charging, roillling, and the 
special care which small storage cells require. 

Two low-power generating sets have been designed for port- 
able use and are especially compact One of these gener- 
ates current at a wave length of 30 to 2,000 meters It has 
six sets of Inductance colls, and a variable air condenser in 
parallel with which a fixed mica condenser can be connected 
The other set generates current of 2,rM)() to SAHK) meters, using 
three sets of Inductance coils and a single \urlable an 
condenser, 

An electron tube is also employed In a set for generating 
audio-frequency’ currents from 200 to 6,000 cycles which is 
used for alternating-current measurements, studies of lele- 
phone re<^vers, and other work at telephonic frequencies 

A special genernilng set for producing small measured 
voltages at radio frequencies of 200 to 4,000 meters wave 
length is used for measuring umi>l*flers and detettors It is so 
arranged that the Inst ru men ts which are being measured are 
oompUqtdy shielded from both electrostatic and magnetic fields 
from the generating circuit, the colls of which are wound in 
a special way, the entire circuit being enclosed within a copper 
sitleld 


THE CATHODE-UAY OSCILLOGRAPH IN RADIO 
RESEARCH 

Radio wminunlcatlon utilizes electric currents wdilch alter- 
nate so rapidly tliat no mechanical system cun tollow the 
alternations Consequently, the currents used in radio can- 
not l>e studied by means of the ordinary kinds of oscillographs 
used in other electrical work, II Is \ery desirable t<» have an 
instrument which will follow the current In all its alterna- 
tions and fluctuations, so that the wave form can be accurately 
trui^d out Thlh makes it possible to determine ho%v rmllo 
apparatus wdll act when these currents are used, thus making 
Improvements In design ixisslble 
I'his Is acctimplished by the cathode-ray oscillograph, in 
wdiich a beam of enthode ra>s Is deflected in a vacuum by the 
action of the electric currents. This beam illuminates a fluo- 
rescent screen, and the motion of the light over tlie screen 
shows how the current is \arying 
Most investigators are familiar in a general w*ny with the 
principles of operation and the utility in electrical research 
ot ttie cathode-ray, or Braun, tube. How’ever, there has been 
\ev\ little (levclopment and constructional work done on these 
tubes In this country, chiefly for the reason that, except 
during the period of the war, cathode-ray tubes could lie Im- 
lK>rted from Getinany more cheaply than they couhl lie made 
here The price of a cold-cathode tube at present is aliout 
00 marks, in Gonrmny, acwrdlng to recent quotations Hen*'©, 
It is not surprising that rather meager information has been 
puiillshed in America concerning the general principles of 
design of sueli tul)es. 

The results of a study of the design of oathode-rny tubes 
were given by a memt^er of the Burcairs staff, at a recent 


meeting of the Institute of Radio Engineers The device can 
now be designed and constructed with a considerable degree 
of certainty to salt a variety of dlflerent operating require- 
ments. It is a valuable aid to the standardization of w^ve 
meters, and to the determin&tlon of wave form produced oy 
spark and other types of radio generators. Its most con- 
spicuous usefulness la In the study of the characteristics and 
behavior of electron tubes. In studying the performance of 
electron tubes as detectors and generators of current for 
radio purposes and their functionlixg In radio telephony, the 
cathode-ray oscillograph Is a most powerful aid. As an im- 
plement of research, permitting visual observation of phe- 
nomena previously unseen and furnishing data for new Ideas 
and new theories, the cathode-ray oscillograph performs a 
service that can be achieved by no other device. 

The results of the Bureau's work on the design of these 
tubes will be available later as a Scientifle Paper, 


APPLK'ATION OF ROTARY DISPERSION METHODS TO 
COI.ORIMETRY, PHOTOMETRY, AND PYROMBTRY. 

For about 8 years studies in the application of rotatory 
dispersion methods to colorimetry and related subjects have 
been under way at the Bureau, The method proves to be of 
fundamental importance and in order that it may be more 
generally understood and put to practl<*al use, a series of 
papers relating to it are being prepared for publication. A 
general paper outlining the subject and giving a resume of 
work already accomplished was presented to the Optical So- 
ciety of America, and will be published In its journal. 


STANDARDIZATION OF NOMENCLATURE OF CHRO- 
MATICS AND COLORIMETRY 
A coMPREUKNsivE, preliminary draft of a report on nomen- 
duturo and standards of wlorlraetry has been prepared and 
submitted to the Optical Society of America This draft com- 
prises about 50 typewritten pages and 6 tables, and has a table 
of contents us follows: 

Introduction: Nomenclature, Including General Terminol- 
ogy; Fundamental Psychologic Terms; Outline of the Methmls 
of Practical Colorimetry; Classification of the Methods of 
Measurement Contributory to Colorimetry; Terms Relating to 
Transmission; the Physical Terms of Homo-hetero-analysis 
and Their Correlation with the Attributes of Color; Standards, 
including Standards of Spectral Energy Distribution; Trans- 
mission Standards, and Reflection Standards 
Bibliography : Usage of Terms Relating to the Attributes of 
Color and Tbelr Correlatives in Stimulus; Usage of the w'ord 
“Light” 


TREATISE ON PYROMETRIC PRACTICE. 

TiiK Bureau has completed the manuscript of a comprehen- 
si\c treatise on modern pyrometry under the title “Pyrometrlc 
Practice” The object of this treatise Is to provide Investi- 
gators, manufacturers, and others who may be concerned 
with the measurement of high temperatures with complete In- 
formation as to the present state of the art of pyrometry, the 
instniinonts and methods used, the precautions that must be 
observed to obtain correct results, and to Illustrate some of 
the Industrial applications of pyromery. The scope of the pai>er 
Is indicated from the following subheads: Temperature scale; 
high temperature therometry; thermal electrical pyrometry; 
optical pyrometry; radiation pyrometry; resistance thermom- 
etry ; recording pyrometry ; high temperature control ; melt- 
ing point methods at high temperatures; standardization of 
pyrometers and Industrial applications of pyrometr;^. This 
paper will be ready in 6 to 9 months. The completed volume 
will consist of 300 pages and will contain a large number of 
tllustratioDs. The number of copies available for free distri- 
bution will probably be small, but provision will be made by 
which It can be obtained at cost from the Superintendent of 
Documents. 
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SOME NEW EXPERIMENTS WITH THE LEUCOSCOPE 
AND ITS APPLICATION TO PYROMETRY 
Thk loucos<x)p6 is BD ilistrunioiit developed and used by 
f^lmholtK and bis pupils between 1878 and 1888, primarily 
for the study of vision. Since that time practically no further 
work ha« been done with It Recent experiments at the 
Bureau have shown the applicability of tlie Instrument to 
pyrometry and new laws of the Instrument have been discov- 
ered relating Its readings to temperature and spectral energy 
distribution in a light source or furnac'e. These data were 
conamiunicated to the Optical Soclky of America and will be 
published m the Journal of that society 


U8E OF “OVER-SANDED” MIXES OF CONCRETE 
I»f commercial work It has been found that concrete fore- 
men will decrease the ratio of sand to gravel so as t<» produce 
a better working wncTete, namely, one with more flue ma- 
terial 111 it : and prelhninury work has been started in the 
laboratory to determine the effect of “over-sanding” the time- 
honored 1 .2 4 and 1 .3 .0 mixes In which the ratio of fine to 
coarse aggregate Is 1 to 2 Very often witli the very best of 
material these standard mixes, If actually used, will produce 
harsh, segregating, unworkable mixes This Is particular^ 
true when crushed slag or crushed stone are used as course 
aggregate One of the tests which has been rained out ^\as 


111 conjunction with a practical problem. A crushed limestone 
was submitted for test In 1 •2*4 concrete wdth river sand as the 
fine aggregate This mix was made but was found to lie harsh 
and segregating. A 1 3.3 mix of the same materials was 
found to be much more workable when made so as to have the 
same cousislency. Strengths were found to bo higher for the 
over-sanded mix at an age of 28 days, and It was also found 
that contrary to the general belief less cetneni was used in the 
4»vor-sanded mix The following table bhows the results riu- 
mericully • 


Mix 

% Water 

Clement 

Lb por cu yd 

1 2 4 

8 33 

508 

1 3.3 

8 86 

487 

1 


ConiprciMivf^ strenRth 
Lb per fiq id 

duys oM 

768 

988 


The ooiivistency ot the mix was w'et and was the same 
for both lUixtN 

Further tests are under waj and the following mixes la 
two consistencies have been made up. 1,2 4, 1.2-% 3-%, 
13 3 and 13 6, 1.3-% 5-%, 1 4.5 Seven-Ua> strength re- 
sults show’ that nil mixes of the same proportion of cement to 
aggregate havt* substaiuiully the same strength mid also that 
the mixes with the most sand use the least aiiiount ot cement 
pel cubic vaid 
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VAIIIAKILITY OF StlN’S KADIATION 
Ma. C G. Aubott of the Smithsonian Astruphysical 01)ser\a- 
tory gives an account of the lesults of investigations on the 
variability of the sun’s radiation in a pajier published in tlie 
Proeeedlngs of the National Academy of Sciences for Febnmiy, 
1920, It Is found that tlie Investigations of the Smlllisoniuii 
Astropdiysicul Observatory conducted at Wasliingtoii, Mtv Wil- 
son, Mt. Whitney, Bassour (Algeria), ami now the investi- 
gations supr>ortod by the Smithsonian Institution from Its 
xmvale funds In North Carolina and Chile have all united in 
giving the Impression that the solar radiation is not constant, 
blit vailes from day to day Hirough a range of certainly five 
and posslldy at times ten pei cent The comliislon that the 
sun IS a vurluflfie star is <onflrmed in several wa>s, but most 
notably by Uic results of measurements made b> the Smith- 
sonian Astrophyslcal Observatory at Ml Wilson, California, 
on the distribution of energy along the diameter of the solar 
Image. These measurements iiidli'ule, as w’us well known 
before, that the edge of the sun’s disc Is less l»nght than the 
center, and that the contrast of brightness between the center 
and the edge varies according to the wave-length of light, 
being greater for short w’av e-lengths, less for hmg 
But the measurements of recent years have shown that not 
only Is there a variation of uontruat by wave-length, but also 
a variation of contrast with the time. The contrast In each 
wave-length Is different for different days of observation and, 
on the average, for different years of observation The 
changes of contrast have been compared with the changes of 
total radiation of the sun detormlned by the aid of the pyrhell- 
oiueter and spectroboloineter, and It is found that there Is a 
moderate degree of correlation between them The correla- 
tion Is of two kinds. For variations of long periods of years, 
high values of the solar constant arc found associated with 
high values of contrast between the center and edge of the 
son. On the contrary, for the short period variations of the 
solar radiation, occupying a few days, wrecks, or months, It 


\H found til at high values of the solar radiation are .issue! a ted 
wiili diminished values of the solar contrast 
The cause of this two-fold variation is reasonabU explained 
When the sun grows hottei ami thus Increasr^s Its output of 
radiation along with increased solar aciivUy, as Indicated 
li> sun spots, prominemxjs, and other visible solar piieiiom- 
ena, ibis would tend to cause a greater degiee ot contra^-i 
For since if the solar temiMwature were xero there w^mld he 
/.eiu (ontrast, the higher the temperature the higher the con- 
trast But the sun is probablj enllrely gaseous, and certainly 
Its Ollier labors are so, and these may become more turbid at 
times, lust us the earth ’.s atmosphere becomes more haz> at 
some times than at other.s. Accompanying increased turiud- 
ity of the solar atmosphere there would be tound a diminished 
value of the solar constant of radiation But slni’O the path 
of the bolar ray Is oblique In the solar atmosphere near the 
edge of the sun, the path Is longer ihere and the effects of the 
turbidity would be greater at tlie edges rather than at the 
center. Tims with the increase <»f turbidity the contrast of 
brightness w’ould increase accompanying a diminished value 
of ilie solar constant of radiation. In this way it appears 
that me two-fold vnnatioiw of the sun which have been found 
may be reasonably explained. 


EFFECT OF MAGNETIC FIELD ON ELECTRIC FURNACE 

SPECrrRA 

Dr G, E Halk of the Mount Wilson Observatory com- 
municates to the National Academy of Sciences Proceedings, 
February, 1920, the results of a study, by Arthur S. King, of 
the effect of a ttmffnetw field on electric funuire spectra. 
Investigations on the splitting of spectrum lines by the mag- 
netic field have employed, except In rare Instances, the elec- 
tric spark as the source of light. It has proved impracticable 
to maintain an arc betw’een the poles of a magnet, though 
an apparatus giving a suocessIOD of fiashes has been em- 
ployed. The flame, because of its weak luminosity, has but 




558 


SCIENTIFIC AMBBIGAN MONTHLY 


Juim, 1020 


lliuiteO usefulness. The electric furnace, if Us else does not 
prevent Its use In the magnetic field, will evidently do work 
not at present take noare of. While the furnace does not give 
the enhanced lines peculiar to the spark* the other lines shown 
by the arc and spark occur for the most part in the furnace 
spectium. In addition, the furnace Is found to show a large 
number of lines which are produced only with great difficulty 
by either the are or the spark, and for which we have as yet 
no data as to their magnetic separation. A farther advan- 
tage over the spark for the lines common to both is the ex- 
treme sharpness of furnace lines when the apparatus is en- 
closed in a vacuum chamber, u feature which should add ma- 
terially to the definition of the Zeeman components. 

Pending the construction of u more powerful apparatus, a 
simple tube furnace was arranged for use in a magnetic field. 
A graphite tube, 10 cm, long, w’ns placed axially between the 
poles of a Weiss electro-magnet. The Jacket enclosing the tube 
and the contact blocks at the ends were water-cooled. A field 
of 6,500 gauses separated the components of most lines suffi- 
ciently to permit measurements of fair accuracy and to show 
the characteristic features of the source. The spectra of Iron 
and vanadium received the chief attention, and measurements 
were made for a considerable number of lines having well- 
defined components. A comparison of lines common to fur- 
nace and spark showed no difference either In the number 
and arrangement of components or in their separation in the 
two sources, the very different excitation in the two cases ap- 
pearing to have no effect on the magnetic characteristics. The 
furnace and spark can thus be used to supplement each other 
In studying the magnetic behavior of all classes of lines As 
was expected* separations were obtained for many character- 
istic furnace lines which the spark emits very faintly. An 
outstanding feature of these lines for the iron spectrum is a 
prevailing large separation and simple triplet structure. Lines 
of this class are often of special interest in the study of sun- 
spot spectra. 

The furnace offers unique facilities for the production of the 
Inverse Zeeman effect when a plug is placed in the tube. The 
absorption spectra resulting from this arrangement were dis- 
cussed In the preceding communication. An extended study 
was made of tlie magnetic components given In absorption 
by this method. No difference was observed as to character 
or magnitude of separation as compared with the effects for 
the emission spectrum. A means of direct comparison with 
the magnetic effects for absorption lines in the solar spectrum 
Is thus afforded, which may be expected to be very useful 
in tests as to polarization and other features at various angles 
to the lines of force. 


CONTEMPORANEOUS EVOLUTION OF WARM-BLOODED 
ANIMALS AND OF FLOWERING PLANTS 
In the American Journal of Science for March, Mr. Edward 
W. Berry directs attention to the practically contemp€>rnneous 
evolution of warm-blooded animals and of fruit- and seed- 
bearing plants and to the Improbability of the evolution of 
the former had the latter evolution not taken place. 

The point Is made that no one heretofore has suggested the 
correlation of these striking events, which in each case repre- 
sent the climatic development of the respective kingdoms. 

As regards the known geological records the first mammals 
antedate tile first birds and both antedate the flowering 
plants, and the last group furnish evidence of their late 
Mesozoic differentiation which the mammals do not, except 
as this is inferred from the sudden appearance of mammals in 
previously unknown variety in the early Eocene. 

The actual ancestry of the flowering plants Is still shrouded 
in the mists of Ignorance. Historically their earliest appear- 
ance In the geological record is in later Lower Cretaceous time 
where they are represented by leaf remains and petrified 
wood. These earliest known types do not kppear to be primi- 
tive, and the fact that they have been found in such widely 
separated regions as Europe, Greenland, North America, New 


Zealand and Australia Justifies the assumption that they most 
have had an extended antecedent history running back well 
into the older Mesozoic, although they could not have become 
fully differentiated* abundant or varied in those earlier daj^s. 

A characteristic feature *of the flowering plants* not shared 
by the members of any other plant phylum^ is that the ovary 
is closed and that after fertilization it* together with various 
accessory parts, develops into a fruit or pericarp. The pro- 
duction of fruit, using that term in the technical rather than 
in the popular sense* is a characteristic feature of the flower- 
ing plants* and the mere fact that fruit is a vernacular as 
well as a scientific term lends emphasis to the point that Mr. 
Berry elaborates. 

Plants, like all other organisms, are concerned chiefly with 
problems of nutrition and reproduction. The formation of 
seeds, an event which occurred during the Paleozoic, was an 
exceedingly great step in advance over the spore-forming habit 
of the earlier stocks — the present day dominance of the seed 
plants furnishing the proof of this statement, if proof be con- 
sidered necessary Fruit forming, which is of a different cate- 
gory from seed formation, is not only a protective device for 
the seeds with their concentrated food stuffs stored away for 
utilization by the germinating plantlet, but is also the great 
factor In distribution. 

Turning to the geologic record of the warm-bloodcnl animals* 
Mr. Berry notes that the oldest known bird. Archaeopteryx^ 
partly reptilian in character, comes from the upper Jurassic 
and was a carnivorous type, as were also the toothed birds of 
the Cretaceous. There are no records of frugivorous birds, or 
In fact any modern birds until a time subsequent to the differ- 
entiation of numerous families of flowering plants. 

The geologic record of the primitive mammals is exceedingly 
Imperfect. The earliest known are recorded from tne upper 
Triassic of Europe, North America (Keuper of North Caro- 
Una), and South Africa (Stormberg beds). Essentially simi- 
lar Prototherlan or Metatherlan types are present in the 
Stonesfleld slates and Purbeck beds of England, in the sup- 
posed Jurassic of South Africa, and In the Cretaceous of North 
America, and possibly Patagonia They survived as the ar- 
chaic mammals of the earliest known Eocene terrestrial faunas. 

That the evolution of the higher plants was one of the Im- 
portant factors In the comparatively sudden efflorescence of 
the mammal and bird stocks, Mr. Berry maintains, cannot 
be doubted. The small Prototheria of the Triassic did not 
change greatly during the lapse of ages because the food sup- 
ply did not change greatly and because of the competition for 
it of the reigning race of reptiles, and it may be suggested 
that the changing food supply, due to the evolution of the 
flowering plants and which Is suggested as one of the Im- 
portant factors In the evolution of the higher mammals, was 
also one of the factors that spelled the doom of the over- 
grown and specialized Reptllia of the Mesozoic. 

The earliest mammals appear to have been insectivorous 
The various orders of insects are old geologlcaUy and that 
they existed comfortably before the higher plants were evolved 
Is obvious, but that the latter became an attractive source 
of food and were the stimulus for very many new genera and 
species cannot be doubted. Thus indirectly the flowering 
plants greatly Increased the food supply of the insectivorous 
mammals The Rodentia* Edentata and Primates depend al- 
most entirely upon the flowering plants for food, as do the 
Ungulata* and Indirectly the Carnivora, since the latter group 
is chiefly dependent on the aforementioned groups and to a less 
extent upon birds or cold-blooded prey. 

Upper Cretaceous floras furnish a large number of types 
of great food value* and among fruits— >palm nuts, flgs* wal- 
nuts, persimmons* etc. Very many fleshy ftuits areTound in 
the Eocene floras and these even include among their number 
such specialized fruits as dates and zapodiUas (Eoaehras). 
The Ptllodus skull described by Gldley (3909) from the Fort 
Union Eocene of Montana not only proved the marsupial char- 
acter of that genus, but showed considerable dental spedalt- 
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nation which hia describer attributed to fruglvorous habits. 

The relatively sudden differentiation of flowering plants 
Immediately antecedent to the equally sudden differentiation 
gf the Eocene Mammalia was not fortuitous, but the two series 
of events are to be correlated. Both were largely accom- 
plished during a time when the sea had retreated for the most 
part from the continents and land surfaces were much ex- 
tended. This also was possibly an evolutionary factor in 
both kingdoms as were any climatic changes that may have 
taken place. It is clear that the long period of land emer- 
gence that intervened between the time of deposition of the 
latest Cretaceous and the earliest Eocene marine sediments 
in most regions was the theater of evolution of the modern- 
ized plants and animals of the Eocene record. 

In conclusion Mr. Berry finds that It requires but little argu- 
ment to prove that human civilization could scarcely have 
been attained but for the presence of the flowering plants. 
Although the pre-human and eohurnan races were largely 
carnivorous and supplemented a diet of flesh, fish and fowl 
(including shellflsh) by such fruits and seeds as nature fur- 
nished them, and although certain existing races such as the 
Esquimaux, maintain themselves without agriculture, the 
civilization of history have all had their basis In nn agricul- 
tural society, and all crop plants (except such unimportant 
foods as fungi, seaweed, etc ) of all races, ancient or modern, 
are angiosperms or flowering plants 

It is only by agriculture that large numbers In settled 
communities can be sustained and the flower of progress cun 
bloom Instances of the greatest production of concentrated 
energy are furnished by bome of the grains, one-third of the 
total weight of the whole plant being represented by the con- 
centrated foodstuffs of the seeds. Game, even us abundant 
and as stupid as was the bison of our western prairies, could 
not afford a basis for a civilization, and even in this instance 
it might be recalled that the busts of the abundance of the 
bison was the fodder furnished by members of the anglosperra 
alliance. Similarly the food of the camels, sheep, gouts and 
horses of the nomadic races was this type of plant. 


SECRET SIGNALLING BY LIGHT RAYS 
Of the numerous ingenious applications of sclcntiflc knowl- 
edge to the solutions of problems which were emphasized by 
the world war are the investigations of R. W. Wood on the 
sending and receiving of signals by means of light waves, both 
within and beyond the confines of the visible spectrum, merit 
attention. Ordinary parabolic mirrors are not suitable for 
sending signals over long distances, from the rear to the front, 
because the field covered by the cross-section of the inaccu- 
rate beam Is so large as to incur the risk of Including a 
portion of the enemy’s trenches simultaneously with the proper 
receiving station. This prohibitive characteristic Is entirely 
avoided In Wood’s "flash telescope" 

This apparatus consisted primarily of a telescope having a 
tungsten lamp at the common focus of the objective and ocular. 
The objective was a non-cemented doublet, of three-inch linear 
aperture, corrected to have the same focal length for the near 
Infra-red and for a certain wave-length In the ultra-violet. 
The tungsten lamp was of the nitrogen-filled type containing 
a very short spiral filament. With the low power ocular em- 
ployed, the total magnification produced by the telescope was 
about fourteen fold. The focussing was effected by moving 
the objective along Us optic axis, the position of the lamp 
being Invariable relatively to the telescope tube, etc. The 
filter wheel was placed between the lump and the objective. 
By rotating this wheel so as to Interpose the proper ray-filter 
In the path of the beam of light, It was possible to flash sig- 
nals either with white or with Infra-red, or with ultra-violet 
light To use the telescope It was only necessary lo point the 
tube in such a direction as to cause the image of the lamp 
filament to be accurately superposed upcm the inverted image 
of the receiving station. As regards efflelency, the following 


comparative data may he mentioned. A parabolic reflecting 
lamp of 85 cm. aperture carries less than 10 km. The flash- 
telescope, when used In broad daylight, carries 30 km., while 
using less than one-half the power consumed by the search- 
light. 

Some additional advantages of Wood’s telescope are: (a) 
the beam of light is a very narrow cone (cross-section about 
6 ft. at a distance of 1 mile) so that secrecy is assured; (b) 
the telescope can be aimed with great precision; (c) the In- 
strument con be used as a receiver of signals sent out by a 
very distant station, and (d) ordinary displacements of the 
lamp with respect to the tube, arising from shocks Incident 
upon transportation, have no deleterious influence on the ac- 
curacy of i)oIntlng Case (d) dues not hold true for parabolic 
reflecting lumps. 

When conditions were such as to preclude the use of white 
signals In full daylight, the difficulty was overcome by em- 
ploying radiations between L09()0 and LTflCK). The ray filters 
were made, in the well-known way, by staining gelatin with 
uppruprlutc aniline dyes In general, the filter was compound, 
one gelatin sheet being stained with cyanin and the super- 
posed plate with almost any deep orange coloring matter. 
The flash telescope was always provided with two infra-red 
screens, tlie brighter and darker filters being best suited for 
signalling over distances from two to six miles, and under two 
miles, respectively. By using spectacles or field glasses, etc., 
in conjunction with color screens of the same kind as In the 
sending apparatus, the dazzling daylight was decreased In 
Internal ty to a very much greater degree than the infra-red 
radiations, thus causing the distant signal lamp to assume 
the appearance of a brilliant star and approximately black 
landscape 

Secret signalling at night was accomplished by using ultra- 
violet ra>s. The filters consisted of circular disks of black 
glass having an oxide of nickel as the coloring base. Tlie re- 
ceiving apparatus was essentially a short focus telescope, of 
very wide aperture, provided with a screen coated with barium 
platlno-cyanlde and coinciding with a focal plane of the con- 
densing objective. ThU screen was viewed through a small 
ocular The ultra-violet light was not transmitted by the 
scx'een, of course, but the focal spot was made visible by the 
bright green phosphorescence of the barium compound With 
the less dense filter signals where received at a distance of 
5 5 miles, and with the deeper filters at 2:5 miles. 

To establish large beacons or reference points for naval and 
aeronautual purposes the best results were obtained by using 
a quartz mercury arc covered with a screen of nickel glass. 
The small amount of red light which would be transmitted by 
this kind of glass is not emitted by the mercury arc so that, 
beyond very short distances, the screened lamp is not visible 
to the unaided eye. On the other hand, the powerful mercury 
line at X3(V>0 falls exactly at the center of the transmission 
band of nickel glass. By employing an appropriate phosphor- 
escent detecting apparatus, u lamp arranged In the manner 
Just suggested has been seen by an observer In an airplane 
flying at an elevation of BfiOO meters. 

In addition to the practical application of the ultra-violet 
lamp, the original paper contains an Interesting account of 
certain striking phenomena which occur when various objects 
are illuminated with ultra-violet light of practically a single 
wave-length. For example, the lens of the human eye becomes 
phosphorescent. The skin assumes a peculiar hue, natural 
teeth phosphoresce brilliantly, false teeth appear black, etc. 
By using a very dilute solution of potassium chromate, the 
author has taken photographs (reproduced In the paper) of 
his face and of one hand. This filter transmits the radiations 
that excite the phosphorescent screen, but It completely ab* 
sorbs the ultra-violet rays reflected and scattered by the skin. 
Old cicatrices, ordinarily Invisible, come out with great dis- 
tinctness, In this connection, the author suggests the possi- 
bility of taking advantage of these phenomena in physiological 
researches. — From American Journal of Science, March, 1920. 
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FOOD ECONOAIi'. 

Frkqi^lntly in illsoussiiiK the eoniiietltion which tlie Orien- 
tal laborer gives the Anieriean workman we hear mention 
made of the fact that a small amount of inexpensive food seems 
to satisfy the man from the Far Fast; whereas, the Ameri- 
can must have his meat and a fairly complete assortment of 
vegetables The priiiciiml foiKl of many thousands In the Far 
East is made up of rice and some product of the soy bean, 
with now and then a small portion of fish. 

Ill studying the characierlsiics of the various varieties of 
bean it would appear (hat through investigation under the 
direction of Dr C. O. Johns of the Bureau of Chemistry, De- 
partment of Agriculture, tlie scientific basis for the etflclency 
of the Oriental diet may have been discovered. One of the 
essential ingredients in the diet of man is protein. Recent 
researches ha^e proven with experiments upon animals that 
it Is not only iuiixirtant to have a sufficient quantity of protein, 
but It is essential, If body growth is to be promoted, to have 
particular kinds of protein Many of the proteins will sustain 
the body, but they do not all yield the amino acids necessary for 
growth upon their l>eing broken up by the digestive prcK^esses 
The proteins are valuable because of these amino acids, and 
(*yetlne seems to lie tiie amino acid winch exerts the greatest 
influence upon growth It has been found that the beans moat 
generally cultivated in our country do nut yield this ImiHirtant 
amino add and consequently wdll not promote growth The 
Navy bean will nmlntalri the body and will assist m the re- 
building of fatigued organs, but if children derived no pro- 
tein from other sources than the Navy of lima beans thoii 
growth would be pradlcally stationary. On the other hand, 
the soy bean, which is of Chinese origin, and the raung bean 
do yield this valuable aci«l, and being high in nitrogenous ma- 
terial the eoy bean may almost be considered a complete ration 
The mung bean Is a leading ingredient in chop suey and is 
largely used by the Chinese in producing sprouts which are 
an ingredient In much of their food and which are rich in 
vitamines. 

If the press cuke from the soy bean oil presses is ic^ed with 
peanut flour and white fl«>ur to make a loaf of bread it is 
claimed that such a loaf is a complete ration and will be 
found more easily assimilated than meat and equally nutri- 
tious and sustaining. Moreover, the soy bean cake has a 
neutral fla\or so that in it we have the jiosslblllty of an im- 
portant food base without carbohydrates with which a great 
variety of attractive, nutritious dishes could be prepared, 
depending upon other materials to Impart the desired flavor, 
form, and texture. 

Of late an Increasing acreage has been devoted to raising 
so> beans, particularly In the South where the boll weevil 
makes the cultivation of diverslfled crops a necessity But 
we linve not yet learned the use of the soy bean and Its prod- 
u<»ts in (uir American foods. The soy bean cake has been 
u>ed as a fertilizer because of the high protein it contains, 
and more re<'ently us a stock food for the same reason It 
certainly would seem more e<*onomlcal to make this protein 
an article for direct human consumption, rather than take the 
roumialvoui way through the animal. 

The variety of materials made from the soy bean and its 
products in the Orient la remarkable. It forms the basis 
for an artificial milk. It Is fermented into a drink. It affords 
an artificial cheese and the caeein recovered from it has a 
variety of application. It will be seen, therefore, that nature 
has been particularly good to the Orient and naturally provided 
it with a particularly useful variety of bean, Wlthj>ut know- 


ing vviiy, the Orlentul has found that the bean is a satisfactory 
item in his diet and It appears that he has chosen his food 
upon u scientific basis. It remains to be seen whether Ameri- 
cans will be willing to act upon the information that has come 
to light, und In time make the soy bean as prominent an ar- 
ticle in our commissary as the Navy bean now is. 


A NEW TYPE OF CATALYST. 

Mk. Benjamin W. Etj>kr has secured patents covering a 
new type of catalyst which Is suitable for hydrogenation. It 
is prepared by subjecting nickel to the action of silica, pumice, 
carborundum, diatomuccous earth or other very finely divided 
abrasive, and this action may take plu<'e either dry or in the 
preseiu^e of oil Tile preparation made under oil Is found to 
be more active. In the laboratory it has l>een found that if 
a plate of nickel be rubbed over another plate with oil and 
an abrasive between them catalytic nickel may be produced. 
On a comniercial scale a tH^niOain lineri pebble mill may be 
used in which nickel shot, the abrasive, and some oil, such as 
cotton seed oil, are plaeoil The action of the mill produces 
finely divided catalytic nickel suspended in the oil. There 
seems to be a direct relation between the activity of the cata- 
lyst, the fineness of the abrasive used, and the length of time 
the grinding Is carried on. 

The process appears to have considerable practical import- 
ance and at the same time sH^ms to make It necessary to dis- 
card some of our former theories of catlysts Thus the cata- 
lyst prepared by Mr. Elder’s pr(M,*es8 is metallic, indicating 
that a sub-oxide nickel catalyst is not essential for hydrogen- 
ation. Also the theory that high temperatures If used In the 
preparation of metals for catalysts would render them un- 
sulted must be revised, since the nickel shot used in the 
pebble mill has been hen ted above the melting point of nickel 
Where nickel oxide is reduced to provide very flnelv divided 
nickel It has been denumatrateil that low temperatures pro- 
duce active and high temperatures Inactive catalysts. This 
apparently dfie.s not hold where the metal Itself is concerned. 


HYDROCYANIC ACID GAS IN FUMIGATION. 

Much has been written concerning the use of this deadly 
poison in fumigation, for there are many forms of pests which 
apparently cannot be entirely exterminated by any other 
means This is true for instance with regard to the type of 
insect w'hlidi sometimes Infests libraries, there to feed upon 
the material found in the covers of books and the materials 
used in binding them There is al8i> no other w^ay so sure to 
exterminate the moth, whose work may soon be regarded a 
mark of distinction since he prefers wool for his diet In an 
effort to keep from our shores the pests of the cotton crop 
which Infest the Egyptian cotton fields, all cotton imported 
from that part of the world la given a hydrocyanic acid gas 
treatment in a special apparatus designed to admit whole 
bales. 

Unfortunately, so far as its application is concerned, the 
hydrocyanic acid gas Is so poisonous that it cannot be used 
with the same freedom as we use other Insecticides. Thus, 
If a house is to be fumigated with it great care must be 
exercised in effectively sealing doors, windows, a^d other 
openings, and the gas generator^ started in the attic so that 
the operators may rapidly work their way down and out of 
the house. Mony hours must also elapse before the house 
can be entered again. 

In the April issue of the Popular Science M^mthiy, a fur- 
ther use of hydrocyanic arid gas is described. It is proposed 
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to ioolate dlseasod treeo and those with peats not disturbed 
by other types of lQsectlQldes« by dropping a tent over them 
from a captive balloon. 

^ Tanks of hydrocyanic add gas can be brought to the locati<Mi 
and the gas released beneath the tent with safety. After a 
fixed period of tlmOt the captive balloon Is brought back to lift 
tite tent off and carry It away for a repetition of the per- 
formance. 


BORAX IN FERTILIZERS. 

Thb following note Is from a recent Issue of Chemical and 
Metallurgical Engineering ; 

Two pounds per acre of anhydrous borax marks the limit 
of safety with which It may be used in fertiliser when the 
fertilizer is put in the row so that seeds or plants are brought 
into virtual contact with it. This is the opinion of the spe- 
cialists of the Department of Agriculture who have been study- 
ing the matter of borax in fertilizer. As a result the Depart- 
ment has advised all fertilizer manufacturers and dealers in 
fertilizer that more than two pounds of borax per ton of mixed 
fertilizers will not be allowed unless the presence of an ex- 
cess of that amount is Indicated plainly on the container. 

When fertilizer is broadcasted and thoroughly mixed with 
the soil, the Department's specialists agree, ten pounds of 
borax may be contained in the fertilizer used on an acre of 
ground without Plunger to the crops. The Department de- 
scribes the experien<*e of farmers in some sections of the coun- 
try as disastrous as a result of using fertilizer containing 
borax. It is to guard against a similar experience that the 
Department on Decemfber 9 put into effect its drastic regula- 
tions regarding the borax content of fertilizer. 

Borax is described as being ‘‘highly toxic to crop plants,” 
xiiui was contained in the potash derived from at least one 
of the new sources which were resorted to after the war had 
f‘ut off foreign supplies of potash The Department also has 
ascertained that nitrate of soda us Imported also contained 
some borax. The Department is also authority for tlie state- 
tnent that borax was ‘Tiot known to have been present in ap- 
preciable quantities in the materials commercially available 
for fertilizer uses prior to the >^ar.” 

Recent research ou iwtash materials from the source to 
which refercMice is made in the above is reported as successful 
in eliminating the borax so that It will be possible to supply 
material to sped lieu tl on. In view of this progress. It Is to 
be regretted that the exi)erleijce of last >ear will make It 
didlcult to overcome the prejudice against his material, which 
Ims quite naturally resulted. 


SCIENTIFIC CONTROL. 

Whateveb the attitude toward research nia> be In a given 
Industry, It is usually not difficult to establish the desira- 
bility for scientific control which If It has any chance at all 
Is pretty sure to be the entering wedge for research There 
Is a case of a concern which began with a two-man laboratory 
and today the Department of Research and Development oc- 
cupies the entire building which was then the large new factory. 

The Investigation which goes with scientific control fre- 
quently uncovers valuable bits of Information In unsuspected 
places. Working upon the measurement of the fiber spun 
lu a cotton mill, an Investigator found that whereas the mill 
purchased fiber which averaged an Inch and a quarter In 
length by accurate measurement, It spun fibers averaging 
one and one-eighth Inches. These measurements were made by 
means of a projection apparatus which threw the picture of 
the fiber upon a screen where It could be quickly measured 
with a reasonable degree of accuracy* so It did not depend 
upon the estimate of some one experienced In pulling tlie cot- 
ton to determine the length of etaple. Farth^ investigation 
proved that due to the way la which a part of the machinery 
had been net the fiber was actually being reduced In length 
ns it went through the mill operations. I^ince the longer fibers 
bring a price above the base price fixed i^or shorter staple. 
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it was obviously a large economical loss to purchase u longer 
fiber than was made and especially to purchase a long fiber 
only to shorten it In the machine operations. The textile in- 
dustry Is beginning to find tliat it has problems which may 
be solved by the application of science, A few of the mills have 
their own laboratories, but being nuUke thoaqf Industries 
founded utxm a science this practice Is not yet universal. 

There is u very attractive research field In the nitlUzatlon 
of a shorter staple. Of course a considerable quantity of this 
cotton is used now, but It seems probable that if we knew more 
about whut takes place when the fiber is subjected to the vari- 
ous mechanical and chemical processes through which it 
passes that we could find ways of using the shorter fibers 
for some products for which at present the longer staple Is 
considered an absolute necessity. 

The clay working industries are among the most ancient 
of our civilization and the nature of the raw material makes 
it diificuU to standardize and understand. The scientists have 
been at work, however, and those men who have been re- 
sponsible for much of the progress are now calling to their 
assistance trained scientists for research and plant control. 

The beauty of the work seems to be that the control labora- 
tory soon finds tlie need of methods, data, and principles 
which have nut been standardized or proven, and If in the 
right hands it begins sooner or later upon some small piece 
of research, which is pretty sure to be but the beginning of 
a large and ever widening program. There is danger, however, 
that control may be mistaken for research, but once convinced 
of tile fact that science is the good nnestmeut claimed the far- 
sighted nuinufacturers prepare to go through with a well 
ci>n8idere<l, broad plan of scientific work. 


COAL TAR PRODUCTS IN THE RUBBER INDUSTRY, 

In the Color Trade Journal for April, Dr, Frederick Dan- 
uereth dlcusses the coal tar products used In the rubber tu- 
diistry and adds thereby still another reason for rue passage 
of legislation now before Congress to encourage the establish- 
ment of an organic chemical and coal tar products Industry 
In the United States. It should he emphasized again that a 
by-pruduct of tlie dyo industry Is research in organic chemistry 
which Is pretty certain not to be carried out otherwise. Fur- 
ther, it produces men with Just the experience necessary for 
the conduct of a variety of organic chemical industries. 

The article states that the coal tur products used in the 
rubber Industry include the following; vat dyes for coloring 
rubber conuKnmds; Insoluble azo colors formed directly in 
the rubber, volatile liquids used in preparing rubber cements 
and as solvents lu vulcanization b> the cold cure ; pitch prod- 
ucts used as iwrosity corrective. Naphthol and amino phenol 
used as c<»ugulents for latex, amino benzene derivatives are 
the accelerators of vulcanization and amino derivatives are 
used as the devulcanlzlng agents for waste rubber. Then 
we have oresols in reclainUng waste rubber goods, coal tar 
used in softening reclaimed waste rubber, and lamp black 
used as a filler and a pigment. 

The accelerators of vulcanization have been 'the subject of 
much study of late and It is now practically agreed that the 
amino derivatives so used function generally as catalysts, 
which assist In carrying the sulphur to the rubber molecule. 
The use of an accelerator means that rubber mixtures may 
be vulcanized In 80 minutes, instead of two hours as formerly ; 
so that three or four times as many tires may now be vul- 
canized with the same equipment. A better appreciation of 
what this means may be derived from the fact that there are 
tire factories producing from 15.000 to 20,000 tires per day. 
There has been some danger to the health of workers In the 
use of these organic accelerators, but this Is said to be due 
largely to the older types of mixing machines now being grad- 
ually replaced by modern devices, in which the rubber, fillers, 
sulphur, and the accelerators are placed in the kueader and 
the machine closed and kept closed until a homogeneous com- 
pound has been obtained. 
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Dr. Danneretb, in discussing cements, points out that It Is 
incorrect to refer to such materials as carbon bisa!^^blde, car* 
bon tetrachloride, petroleum, naphtha, etc., as solvents for 
rubber compounds for actually something less than <me per 
cent of the rubber goes Into solution. It Is more proper to 
refer to these liquids as thlnners. The manufacture of rub*' 
ber cements consists In grinding the raw rubber or the rubber 
comi>ound into a paste with the thinner, remembering that the 
mixture Is highly inflammable. With such mixtures thin 
films of rubber may be obtained, and to enable the operator 
to work rapidly it Is an advantage to use thlnners having a 
high rate of evaporation. 

The devulcanlzatlon of rubber compounds and the recovery 
of the used rubber* contained in them is constantly becoming 
a more Important field. Experiments have Indicated that more 
than half the combined sulphur may be removed from a rubber 
compound and more lately a patent for a process of devul* 
canlzlng covers the absorption of the sulphur with some re- 
agent, such as sodium, as rapidly as it is liberated by an 
amino substance. 


THE ISOLATION OF VANADIUM. 

How many motorists give any thought to the work which 
Is done by scientists in many parts of the world that they 
may have tlielr convenience and pleasure? Vanadium in the 
form of ferro-vanadlum has literally made some of the lower 
priced automobiles possible and has also contributed directly 
to tho production of more imposing cars since ferro-vanadlum 
may be used, in high speed tool steels, In the larger locomo- 
tives, and in special types of rails. Ferro-vanadlum offers 
strength and durability with light weight, and being readily 
machinable requires but half the expense to produce an auto- 
mobile part compared with its production from hlgli carbon 
steel. 

However, vanadium may be considered isolated since the 
only known large concentrated deposit of pure ore Is to be 
found in the Peruvian Andes, nearly 17,000 feet above sea 
leveL To date the ore has been brought out In 125 pound 
bags on the bucks of llamas. The mine in question has con- 
stituted the commercial enterprise conducted at the highest 
altitude In the world. There have been a number of factors 
which have made it difficult to increase the output of ore 
to keep pace with the present demands for vanadium. 

Americans are now building a railroad to this deposit and 
this feat involves overcoming extraordinary engineering difll- 
culttes. With the coinpletion of this line tho output of the 
mine will be greatly increased and eventually it Is thought 
the price of vanadium may be lowered in consequence, al- 
though even now the price is but a fraction of that obtained for 
It when vanadium was discovered nearly 30 years ago. 


GAS AS A FERTILIZER. 

lx studying the elements which control the growth and 
production of plants ut a time when it was difficult to secure 
sufficient fertiliser of different types, German chemists, work- 
ing under pressure to produce the maximum quantity of food 
possible, turned their attention to the air. We know that 
plants breathe just as animals do and that carbon dioxide 
ordinarily present to the extent of 8-100 of one per cent in the 
air is essential to plant maintenance. Reasoning that since 
plants do so well on but three parts in 10,000 of carbon diox- 
ide, and they might do better in the presence of a greater 
quantity, It was decided to try the experiment, using the car- 
bon dioxide, tiftileh is a by-product in the production of pig 
Iron. 

During the production of 1,000 tons of ifig iron 1,000 tons 
of coke are consumed, and 4,000 tons of carbon dioxide gas 
are turned into the air. If all of this carbon dioxide could be 
used, calculations indicate that about 4,000 tons, of vegetable 
matter would be produced, and If even a snail percentage of 
the gas were utilised the results might wail justify the 
cost Incident to the distribution of the gas. 


In Ctortaany the exparlments wwn begoo In bet-hoases and 
in a few days rendte were notteeable. Thoae plants reestVf 
ing a higher perceptage of carbon dioxide grew nma taxorl- 
anfiy, bloomed earlier, .matiynd more rapidly, and gave an 
Increase In ybdd. Thus, tomatoee increased 176 per cent la 
their yield and eaenmbera 70 per cent, aa compared with 
those grown at the same time under noVmal conditions. In 
order to extend the experiments to outdoor i^ots, perforated 
pipes were laid eo that the gae could escape Slowly in the 
vicinity of the plants, and, althougb much of the gas would 
of courae eacape, yields were obtained that could only be ex- 
plained by the fact that the gas was used. Two boshels of 
barley grew where but one had grown before. Potatoea 
Increased 160 per cent In yield and spinach did even better, 
producing 164 per cent of the crop grown on controlled plots 
under normal conditions. 

It Is reported that in 1018 seven acres were equipped with 
pll>e8 to distribute the carbon dioxide and that on this larger 
area the subetantlal gains reported above were maintained 
or even Increased. In one case, a crop that showed an In- 
crease of 18 per cent by the use of ordinary commercial fer- 
tiliser increased 82 per cent when both soil and air were fer- 
tilized. Of coarse gaseous fertilizers alone could he of but 
little consequence, for the plant must have the mineral salts, 
the nitrogen, and ammonia, which we know to be necessities 
for a good crop. It will be interesting to consider the possi- 
bilities In centers adjacent to manufacturing establishments 
where carbon dioxide is a by-product, and In those vicinities 
an increase Is usually a vital thing. It Is to be hoped that 
similar experiments at least to check the claims made by 
foreign investigators may be undertaken in our own country. 


RAILROAD HELIUM RBPURIFICATION PLANT. 

As the cost of production of helium is high, a repurlflcatlon 
plant has been designed to be carried by two standard 70-ton 
railroad cars, and to operate continuously with a capacity 
of from 1,000 to 2,000 cu. ft. per hour. 

The plant Is described In the Aircraft Journal, Jan. 24, 1920. 

The power plant, a 120 hp. heavy duty gasoline engine con- 
nected to a direct-current generator, together with fuel and 
sleeping quarters for the crew. Is situated In one car. The 
other car contains all the repnrifying apparatus, consisting of 
electrically operated air and gas compressors, purifying col- 
umn, manifolds, charging and discharging desiccators, cooling 
tower, water supply tanks, gasometer, testing apparatus, etc. 
The operation of repurlflcatlon consists of the reduction of tem- 
perature ond pressure of the impure helium until the tnapurtty 
(air) is liquefied and drawn off, allowing the pure helium to 
escape as gas. 


CHEMISTRY IN PLANT DISTRIBUTION. 

Mb. B. T. Whebby in recent addresses has indicated some- 
thing of the narrow limits in which science must work to be 
of the greatest use in special cases. Aa early as 800 B. O. 
observations were made that {dants seemed to bear certain 
relations to different ores or soil compositions and the names 
of certain species may be traced to the preference which 
such plants seem to have for certain of the metallic elements. 
Of late some of the botanists readied the conclusion that the 
chemical nature of soil has no influence upon plant distribution 
and this undoubtedly has seemed to be true In the light of 
our data baeed upon older methods of analysis whldi did not 
permit determining the ytiry small differences In toll acidity, 
wbldi may now be discovered by means of a new series of 
very ameltive indlcstore. ^ 

These Indicators were first stpdled In connecffim with ban* 
tertological requirements, wbws tbs dsgree'of sddtty la the 
media Is a very important tactot. A aeries of dyes has bee^ 
selectsd sneb that ^ hydrogen concentration can almost bs' 
found adaatltatlvsly bg tbs color wlOi this nmge of indlestiMrs, 
wbidi behsvs dlfferebtly as tbs ooncsntratloa'of tons increases 
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or diadnUb^B, The i^eference of certain plants^ such es the 
heath iMXaily, for soil largely composed of decayed wood has 
been traced to the increased acidity of such soils. Mr. Wherry 
ij^lated one example where growth about a rotted log tended 
to coniine the soil so that It was three times as acid as water 
which flowed adjacent to It 

It has also bjsen demonstrated that methyl red has the right 
range of color changes to Indicate whether or not a given soil 
is sufflclently acid to grow scab-free i>otatoes. By taking a 
small sample of a selected soil, shaking it with water, and 
allowing the mixture to settle, the supernatant fluid may be 
decanted and a few drops of the prepared indicator added. 
If the color of the fluid is then orange or yellow it is a clear in- 
dication that the soil Is not sufficiently acid, but if it be red 
or violet red, potatoes may be planted in It with the assur- 
ance that they will be scab-free. It is possible to conduct all 
of such tests in the field using distilled water, of which but 
a small ciuantlty is necessary, and the indicators, a set of 
which may be slipped Into the pocket. 

The study of acidity and alkalinity of soils with these new 
indicators is still under way and it will be seen at once that 
there is a direct relation between this work and maximum 
plant production. Of course It will be some time before It 
becomes the practice of those who now do their planting ac- 
cording to the phase of the moon to resort to test tubes and 
hydrogen Ion indicators to guide them in their agriculture, 
but all work of this kind assists us In understanding more 
of nature's ways and perhaps ultimately in formulating na- 
tional food production plans. 


AMERICAN CHEMICAL SOCIETY. 

The spring meeting of the American Chemical Society has 
Just been held In St. Louis with an unusually large attendance 
of men from all over this country and abroad The Society 
has become the largest scientific society in the world de- 
voted to a single branch of science, Its membership now being 
approximately 15,000. As usual, a number of Interesting 
papers were presented in the eleven divisions and sections of 
the Society, some of which included more than fifty papers 
In their program. New sections are those devoted to leather 
chemistry and to sugar. There is a possibility In the near 
future that a section devoted to cellulose chemistry may be 
formed. 

One subject which engages the attention of the chemical 
profession today is the supply of properly trained men, which 
depends upon maintaining in our professorial chairs and in 
all teaching positions men and women who are really qualified 
to teach chemistry and the allied subjects It is becoming 
increasingly difficult for our educational institutions to main- 
tain an adequate stalf of teachers. Men are constantly leaving 
the classroom for the industrial laboratory, and the question 
of our future supply of chemists is becoming more and more 
a serious one. One method suggested at the meeting involves 
securing funds from which various payments can be made 
for the published researches of outstanding quality; these 
payments to be of a size making it a prize well worth the 
effort, offering an opportunity for the research men In the 
educational institutions to make substantial additions to their 
present income. The practicability of the proposed scheme 
is now under the consideration of the Committee appointed 
for the purpose. 

A discussion of the present economic status of the chemist 
broui^t to light data which should^ be encouraging to the 
young men about to enter the profession. While the statis- 
tics livallable were gathered from only a few hundred reasearch 
medf they show tiiat the chemist today is undoubtedly earn- 
ing on the average as high a wage as does the average of 
those found In the other learned professions while a few 
eompetwt chemists are required to go througdi the sort of 
**atamiftoh atagB/* which in the past has been the doorway 
to a career in some of the other professions. 

Blany dt the papers In the dlfterent flelt)^ of chemistry will 


appear in the publications of the American Chemical Society, 
notably the Jountal of Inaitatnal Bnffineerinp CAemistrp, 


THE COW AS A LABORATORY. 

UxvTXL recently it would have been difficult to Interest the 
stockmen in a study which had for Us purpose determining 
whether it Is better to feed an animal to be killed for beef 
or one which converts Us food Into milk, rather. than Into 
its own body tissue. There are perhaps several reasons for 
this, one being the difficulty experienced in some quarters In 
marketing large quantities of milk to advantage, but with the 
change in conditions which has emphasized the Importance 
of condensed, evaporated, and dry milk it is conceivable that 
the question of whether it shall be animals for beef or a dairy 
that is to he supported may confront many a rulser of stock. 

Dr. H. I\ Arrasby, an expert in animal nutrition, estimates 
that the energy of grain used in feeding the animal Is re- 
covered to about 18 per cent in milk for human consumption, 
but only about three and a half per cent of tliis energy reaches 
us in beef An English official report states that the produc- 
tion of 300 calories of human food In the form of milk from 
a good cow requires that the animal be fed the equivalent 
of 2.9 pounds of starch. If a poor cow is maintained, the 
equivalent of 4 7 pounds of starch must be fed to secure the 
KX) calorics In the form of milk; but if 100 calories in the 
form of beef Is obtained from a two and a half year old steer, 
it has been found that the equivulout of 9 pounds of starch 
lia%e been required to produce it. This would mean that a 
good milk cow returns 20 per cent of the energy value of that 
which she consumes, the poor milk cow 32 per cent, and a good 
beef steer but 0 per cent. Thus a poor milk cow is twice as 
efficient as a good beef steer, while the good milk cow is more 
than three times as efficient as a converter of energy from 
the form unsulted to human uses to that which is available 
for human food. 

Professor Wood, a leading English agricultural expert, has 
determined that during the whole life of an animal, a cow 
returns one-twelfth as much food as she has consumed ; this 
return being in the form of milk, veal, and beef. The beef 
anlraul returns but one-sIxty-fourth, or but one-fifth as much 
during its wdiole life as does the cow. 

It is apparent from this that when the price for animal 
feed-stuffs soar we should give more consideration to the effi- 
ciency of the laboratory to which we will take this raw ma- 
terial to be converted into human food. It also has a bearing 
upon the length of time the stockman cun afford to fatten 
his animals for the market. 

Those ci>n8ideratIons are bused on protein fat and carbo- 
hydrate, but when we consider vitamines and mineral de- 
ments the cow has an added advantage. When beef animals 
are fed upon hydrocarbons and the usual parts of grains which 
furnish vitamines these are stored in the anlmars tissues 
to but a slight extent, but they puss on In abundance to the 
milk so that coarse foods and grains not suitable for human 
food are converted Into a form which makes It readily avail- 
able in milk, though not in beef. Meat is also poor in cal- 
dnm, which la comparatively abundant In milk. 

These facts would seem to support the contention that a 
greater use of dairy products, rather than an increase In the 
consumption of meat, would become an economical procedure 
both for American agriculture and for the American consum- 
ing public. However, we need to know more concerning the 
problem of animal nutrition and its relation to the produc- 
tion of human food, considering the animal as a laboratory 
or plant In which the conversion from the inedible to the 
edible from the human standpoint can be accomplished. There 
are, however, a number of substances suitable for human con- 
sumption which find their way Into stock feeds, and the proper 
use of these materials requires a long time study. The Com- 
mittee on Food and Nutrition of the National Research Coun- 
cil is inviting support for this Important program of investi- 
gation. 



Progress in the Field of Electricity 

Summaries and Excerpts from Current Periodicals 

By A. Slobod 


self baking electrodes. 

A DECIDEDLY iiovel de\eloptneut was lutrodnced In a paper 
by Prof. Joseph W. Richards, Lehigh University, on the 
Sddeberg self-buking, continuous eleclrode. 0. W» Sddeberg, 
Christiania, Norway, imagined over ten years ago a self-baking 
electrode formed continuously from soft carbon mixture, 
vihlch would be baked in the same furnace in which it Is 
used and thus provide a continuous electrode. The first elec- 
trode of this kind m'us built by Mr. Sddeberg In 1909. He 
naturally met with many difficulties in developing his Idea 
and it was not until 1915 that he actively pushed the devel- 
opment in connection with the company with which ho la 
now engineer. After considerable development work the com- 
pany succeeded in o^ercouliug in a practl<*«l manner all of 
the difficulties, and in November, 1918, a 409-mm. (16-In.) 
electrode was operated on a ferromangaueso furnace without 
dlsturbamtis to the furnace and with no fracturing of the 
electrode. Since that time electrodes of all siKes up to 800 
uurn. (34-in.) diameter ha\e been successfully operated, lM>tb 
in open and closed furnaces. In making ferrosillcon, sllico- 
inniigunese and ferroxnolybdenum. 

Dr. Richards said he saw last summer a 34-in electrode of 
this type operating in a feriY»sllIoon furnace In Norway, the In- 
ventor of the elect riHle being his i>ersonal friend. The elec- 
trode is consume<t \ery slowly and takes about a week to bake 
one meter. Several European firms are soon to make use 
of this type of electrode. 

In the United States the new de\ice is about to be 
tried out at the Anniston Steel Co , Anniston, Ala , on three 
furnaces, and u representative, Mr. WeMley, of the Norwegian 
Interests, Is now in this country o\er^eel!lg the trial There 
are to be at Anniston three 32-ln. self-baking electrodes on 
f 6 rro 8 l]U*on furnaces, and they aie expected to be In operation 
soon. It is stated that any one desiring to see them will 
have the privilege. 

During the discussion that followed Dr. Colin G. Fink of 
New York called attention to some advantages not presented 
by the author when he said that (he now tyi»e evidently does 
away with the (ranspeirtation problem and tlie spalling of 
modern electrodes if not stored properly L E. Saunders, 
Alundum Co., Niagara FuUk, asked for Information regarding 
the smoke from the baking of these electrodes and what could 
be done in case the iron casing used should contaminate the 
product. To this Dr Richards replied thot the baking is so 
slow there is virtually no smoke What there Is seems to 
be forc'ed doun into the Interior of the electrode wliere car- 
bon Is jierliaps deposited ns the smoke comes in contact with 
the red hot carbon. If applied only to ferroalloys, contami- 
nation fi‘oin the iron casing is out of tlie question, even In 
making caUium vaibldc it in dai^ned that the casing lutroduciM 
no more than 0.20 per cent of iron Into the product Where 
uluimtiiiiii Is to he refined or melted, an aluminum casing might 
be used. — ^Ieetlng of the American Electroehemical Society at 
Boston, April 10, 1920. Iron Age, April 16, 1920. 


TIDAL POWER. 

Owing to the scarcity and high cost of coaL tidal power 
dcvelopment.s now come within the range of commercial possi- 
bility. In the ElectrUiol Times of Decembey 11 , 1919, n pro- 
posed tidal development at Hopewell (En^idand) IH described. 
The data given for this scheme provides a basis for considera- 
tion of an entirely different method of development which is 
described below . 

Broadly Kr«"okIng, this system consists in dividing a tidal 


estuary Into two or more basing by means of dams, In which 
turbines and generators are Installed ; sluice gates control the 
water, and tbe turbines are operated during the ebb and 
flow of the tides. During the flow the tide is allowed to rise 
outside the reservoirs until an adequate head to drive the 
turbines Is reached, when It is passed through them, filling the 
reservoirs, until it turns and starts to fall. The sluice gates 
are then shut until the ebbing tide bus fallen sufficiently be- 
low tbe level of tbe water now Impounded In the reservoirs 
to produce the requisite head again to drive the turbines, 
through which the lm.pounded water is then drained off uritil 
the tide again turns and starts to rise. During the period that 
elapses before the requisite head Is reached to drive the tur- 
bines, after the turn of the high and low tide, power is pro- 
duced by water filling into or draining from ii subsidiary 
reservoir or reservoirs. 

On the basis of the above system several schemes are 
presented diagrammatically by the author. Under scheme 
No. 1, for instance, the turbines operate through four cycles 
produced by means of a main reservoir marked A and a sub- 
sidiary reservoir marked B. Times are reckoned from low 
tide, which Is considered as “zero” hour. The operation of 
tbe plant sh(»uld now^ be traced through the four cycles. 

Cycle 1 . Main turbines run from 2 to 6 V 2 hours by tidal 
water filling reservoir A direct. 

Cycle 2 . From 6 ^ to 8 % hours subsidiary turbines take 
the load, being operated by water filling reservoir B from 
reservoir A, while the tide outside is falling. 

Cycle 3 From 8^4 to OU hours the main turbines are once 
more run by the water impounded iu reservoir A, draining 
back to the sea simultaneously with the dropping of the tide. 

Cycle 4. From 0^4 to 2 hours the auxiliary turbines again 
take the load, being operated by water in reseivolr B draining 
back to reservoir A, which Is then practically empty, while 
the tide outside is rising sufficiently to produce the requisite 
head for a fresh series of cycles to commence. 

A power development such as that at Hopewell could be 
started on the lines Indicated lu the alM>ve scheme by provid- 
ing dams and sluices sufficient to control water levels up to 
the full capacity of reservoirs A and B and by installing tur- 
bines ond generators sufficient only to meet first requirements. 
The production of 790,000 horse-power is possible at Hope- 
well,— A. Struben, Electrical Times, Tendon, February 26, 
1920. Vol. 57, pp. 171-73. 


CARBON ARCS FOR SEARCHLIGHTS. 

Ar the request of the British Admiralty a series of experi- 
ments were undertaken with the object: ( 1 ) of developing the 
best method of testing carbons tn order to prove their value 
for searchlights; ( 2 ) of comparing the relative qualities of 
existing carbons, other than flame carbons, for producing high- 
intensity searchlight beams; ( 3 ) of determining what im- 
provement can be made either in the carbons themselves or in 
the methods of burning them. 

It was at first proposed to make measurements of illumi- 
nation at different parts of a searchlight beam under actual 
working conditions lo the open, but the sources of errorjB en- 
countered were so great as to cause this method fo be aban- 
doned In favor of an Indoor method of test, at any rate for 
the first series of expmrlmeuts. The laboratory equipment 
oonaisted of an integrating photometer of cubical form fully 
described in the paper, and simultaneous measurements were 
made of the total flux of light emitted by the carbons alone 
and of the intrinsic .brightness of the poritlve crater.. 
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Ry HiIb method a comparison was made of 18 different types 
of carbonsi both those already In use In the British and 
French services, and others specially prepared by the Gen- 
eij^ Electric Company. Experiments were made with two 
devices having for their object the control of the arc and 
its maintenance in a central part of the crater to ensure even 
burning of the carbons. One of these was an electromagnetic 
device, while the other depended upon a slow rotation of the 
positive carbon. For high current densities (0.8 amperes i>er 
sq. mm. and over) it was necessary to copper both positive and 
negative carbons. It was found that while change of potential 
difference on the arc produced no definite detectable change 
of candle-power, an Inereuse in arc length beyond a certain 
value produced a decrease both of crater brilliancy and of 
candle-power. It seems likely that If allowance Is made for 
the light obscured by the negative carbon, the shortening of 
the arc will be found to produce un increused average candle- 
power even at short arc lengths, but the exact amount of the 
obscuration Is dllficult to determine with accuracy 
In general it seems to be clearly established that for any 
one carbon the candle-power Increases linearly with the cur- 
rent, while the crater brightness also shows a real increase, 
^though Its magnitude is not sufficient to determine the form 
of the relationship In this case. For the types of carbons 
considered, and apart from smoothness of running, there seems 
to be no definite difference of any magnitude either on average 
candle-power or crater brightness for carbons of the same 
diameter run at the same current. The efficiency In candle- 
power per ampere Increases, however, for the same current 
density as the diameter of the ]>ositlvc carbon Increased — 
C. C. Paterson and others. Journal of the Institution of 
Electrical Engiuoors, January. 1920. Vol. 58, pp 88-97. Dis- 
cussion, pp. 97-106. 


NEW PRIMARY BATTERY— AN AIR DBPOIA.RIZER 

M, FRky, Professor of the Municipal School of Physics and 
Industrial Oheralstry of the city of Paris, designed a cell of 
Interest In view of the novel method of disiieiising with the 
use of the dioxide of manganese depolarizer In the Leclanch<5 
type of primary cell. The iiosUlve electrode of the new ceil Is 
a vertical cylinder of carbon of a somewhat porous nature. 
The negative electrode consists of a zinc plate placed hori- 
zontally at the bottom of the cell, and the exciting liquid is a 
solution of sal ammoniac. The porous carbon plays the rdle 
of a catalytic agent between the oxygen of the air and the 
hydrogen ls.sulng from the eloctndjte The ntmosphere is, 
therefore, utilized as a depolarizing agent In the action of 
the battery. This depolarizing operation Is facilitated by the 
remoteness of tlie zinc plate from the top of the cell, at which 
point the air contact occurs. Zinc being a metal \er> easily 
oxldlzable wxiuld tend to combine with oxygen, and it would 
therefore be detrimental, both to the constancy of the bat- 
tery and to the zinc plate, were the latter not placed at the 
bottom of file cell. 

Arrangements were made by the French technical authori- 
ties to put tlie IT^ry cell under trial on telegraph and telephone 
circuits. In the latter ease the cells w'ere used us a local 
battery. The telegraph offices at St, Cyr were equipped with 
the F4ry cell In September, 1918, since w^hlch date the but- 
teries have rigorously remained constant. At St. Cyr, after 
250 days of service, each of the zinc plates had only lost 8 
grm. weight. The constancy of the Fdry cell Is an extremely 
important feature — a quality which Is not obtainable with the 
use of the ordinary Leclanchd battery. 

The Fdry cell costs less than a cell In which dioxide of 
manganese is used, and v^hen the zinc has been absorbed by 
the chemical action a new zinc plate and a renewal of the 
sal ammoniac are all that need be provided in order to obtain 
the equivalent of a new cell. Both as regards prime costs and 
annual maintenance Charges, therefore, the new cell is less 
expensive than the manganese sac type of Leclanchd battery. 
The French autbprlttes have been Impressed with the results 
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of these experiments and have expressed the opinion that the 
cell should be employed in both the telegraph and the telephone 
services. — ^Annales des Postes, T^ldgraphes et TdWphones. — 
Journal of the Post Office Electrical Engineers, April, 1920. 


EARTHING. 

A sus-coMMiTTKE of the Institution of Electrical Engineers 
wus asked to consider the whole question of earthing, includ- 
ing the time element of circuit breakers, the heating of con- 
ductors, the current-carrying capacity of the apparatus 
earthed, the drop of pressure in metal sheatlng and the num- 
ber of earth wires required. In accordance with these In- 
structions the sub-committee had performed considerable ex- 
perimental work and recently brought In tts report making 
the following recommendations; 

1. Earthing conductors must be of the numbers and sizes 
set forth in the tables attached to the rules for each size of 
working conductor. 

2. They should be of high conductivity copper, tinned or 
otherwise protected against corrosion, and prote<*tod against 
mechanical Injury. 

B. The smallest allowable size of earthing condu<.tor should 
be 1/14 S W.G , and the largest Individual conductor should 
be 19/17 S.W.G, and that all conductors larger than 1/14 
S.W.G. should be stranded. 

4. When a larger section of earthing conductor than 19/17 
S W.G la necessary, separate conductors must be used, and 
If earth plates or cylinders are employed, separate ones for 
each conductor must also be used. 

5 Burled earth jilates or ej’llnders must have an earth con- 
tact of not less than 4 sq. ft., and be surrounded on all sides 
by not less than 12 in. depth of finely broken coke. They 
should preferably be of cast Iron or other durable metal, and 
the i)lace selected for burying (hem must be permanently wet 
or, at least, damp. 

0. Wherever an earth wire Is connected to a pipe, or con- 
duit. or cable sheath, or armoring, a substantially designed 
clip must be used Sweating sockets also must be used at 
each end of tlie earth conductor for all sizes larger than 1/14 
S.W.G For armored cables substantial clamps must be used, 
so designed as to grip firmly the whole of the wires of the 
armoring without damage to the Insulation. 

7. Where special earth plates are not provided extreme care 
must be taken to see that only such earths are used ns are 
easily capalile of carrying the maximum current which can 
be allowed to flow by the largest fuse used In the circuit in 
question. From this point of view water pipes directly In 
connection with the street water-mulus make excellent earths. 

In conclusion, the sub-committce strongly recommends that 
the British rule providing for the need of earthing all metal 
other than the conductor on circuits where medium pressures 
are u^od bo extended to include low-pressure circuits also, and 
that it also be extended to prescribe the earthing of all metal 
liable to be electrically charged, such as constructional steel 
work. — G. S. Ram and others. Paper read before the Insti- 
tution of Electrical Engineers.— iJlocfrical Review, London, 
April 9, 1920, pp. 470-79. 


MOTOR BUSES OB TRACKLESS TROLLEYS. 

It bus been demonstrated that the gasoline bus cun be n 
worthy competitor of street railway systems by providing a 
higher class of service and charging a correspondingly higher 
fare. The Fifth Avenue buses of New York City and the 
Chicago buses are examples of such successful operation. 
However, experience has proven that it cannot compete in 
operating costs with an electric street car and cannot main- 
tain an equal service at an equal fare, that it is unsuitable 
for dealing satisfactorily with heavy town traffic, that It is 
not adequate for dealing with peak loads and that it has 
no advantage over the electric oar as regards schedule speed. 
It Is then doubtful whether the gasoline bus will ever dis- 
place the street car; but this bus with very little change 
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from standard automobile consl^actlon can be converted into 
a trackless trolley, driven by railway motors, supplied with 
power from two trolley wires. The trackless trolley, which 
1$ a vehicle practically unknown In this country, la making an 
exceptionally good record for earnings and service abroad. 
The operating costs of such a trolley as compared with those 
of the gasoline bus and of the most efficient street car, the 
safety car, are given below: 



Cents Per Bus Mile 

Cents Per 
Oar Mile 

Gasoline 

Bus 

TrackUHT 

Safety Oar 

Maintenance of overhead . . . 


0 5 

0.5 

Maintenance of way . . . 

• • > > 

0 76 

1 5 

Road taxes , . * ... 

0 75 


Maintenance of equipment. . , 

8.54 

3 0 

2 6 

Platform expenses . . 

S.O 1 

8 0 • 

8 0 

Traffic expenses 

0 04 j 

0 04 

0.04 

Power 

4 54 1 

1.8 

I 8 

General 

3 54 i 

3.64 

3 54 

Depreciation 

6 59 

2.00 

2 00 

Total 

32.00 

10.63 

19 38 


Thus It is seen that the trackless trolley can compete with 
the street car. It could be built with approximately the same 
capacity as the safety car for a weight not to exceed 12,000 
pounds, or approximately 20 per cent of the weight of the 
present safety car. A single motor drive with necessary con- 
trol can be supplied which will permit the adoption of all 
the safety features now standard for the safety car. It is 
argued that the bus has the advantage over the trackless 
trolley as regards unlimited flexibility. There Is little 
question, however, but that with the Introduction of the 
gasoline-propelled bus the city authorities would Insist on a 
definite route and a definite time table and, thus, It would be 
bound to a specified routing by ordinances or legislation as a 
trackless trolley would be by the reason of the overhead con- 
struction. With proper overhead ccmatructlon and proper 
collectors, the trolley bus can have a range of operation of 
15 feet either side of the trolley wires, which Is ample to per- 
mit passing other traffic. 

These estimates would Illustrate that a bus similar to the 
gasoline-propelled bus could enter the urban transportation 
field and become a worthy competitor of the street railway 
system, giving equal service for equal fare. This is particu- 
larly true where the officials of railway companies have not 
profited by the experience gained In the application of the 
safety car and have not applied its principles to their trans- 
portation problems. The trackless trolley having lower op- 
erating cost than the gasoline-propelled vehicle will be suc- 
cofisful where a gasoline bus could not operate. It seems, 
therefore, desirable that railway operators study their trans- 
portation problems with a view to utilising the trackless trol- 
ley us an auxiliary to their present transportation system 
rather than to meet It In competition.— H. L. Andrews, Gen- 
eral Eleotrio Sevieto, April, 1920, Vol. 28, pp. 881-834, 


BRONZB PLATING 

BaoKZS, a copper-tin alloy, can be plated or deposited from 
a bgth containing potassium hydroxide 5 per cent, potassium 
cyanide 0.5 per cent, ammonium stannic chloride 0.88 pw 
cent, and potassium co^r cyanide 1.6 per cent Satisfac- 
tory corrosion of bronze anodes Is obtained, uslpg a tempera- 
ture of 40* to 50* 0., and current density of 0.4 amp. per 
sq. dm. (8.75 amp. per sq. ft). 

Bronze can also be deposited from a bgth containing cop- 
per oxalate and tin oxalate dlsaolved In ammonium oxalate, 
together with some potassium sulphate, ettrlc and am- 
monium citrate or similar salts. Bronze gnodes.wlll not cor- 
rode properly, hence copper anodes must be us4d. The tin 
content of the bath can be maintained ' bjr regularly predpt- 
tating the copper from a portion of It by using metallic tin. 


A cureful adjustment of the relatiya quantltlM'ul! copper and 
tin In the bath Is ' neoaasary. Most ttoubla Is edfUSed by the 
poor oorrosloo of the taonw aoodesr-F. O. Hathen hnd 
Stanley Lowder. Paper r^ad bdCore the American Bneefro- 
ohemlcul Society, April 10^ 1920. 

DlBSULPHATION OF POSIXIVB PLATBS. 

Tax Kansas State College has devised the following method 
of treating the positive plates of lead cblls that have become 
sulphated: 

Remove the electrolyte, wash out the cells thoroughly with 
distilled water, replace the electrolyte by a 8 to 4 per cent 
wfiutlon of caustic soda, change until the positive plates have 
regained their brown color. Sufficient soda should be added 
so that the solution does not become add. 

The process Is said to be harmless to the battery. 


CONSTANT POTENTIAL SERIES LIGHTING 

Until recent years street lighting In the United States has 
been almost exclusively by the high voltage constant current 
series system. This was mainly for two reasons: To the 
democratic character of the country only such form of light- 
ing appeared suitable as was applicable alike to the scattered 
suburbs and to the more densely populated center of the dty. 
The other reason was the electrical characterlsttc of the arc 
whldi WHS the only lllumlnant of sufildent Intensity and effi- 
ciency for street lighting. However, with the gradual disap- 
pearance of the arc lamp disappeared the necessity of the 
constant current circuit. The gas-filled mazda lamp Is taking 
the place of the arc lamp. This mazda lamp represents a 
dead resistance, equally stable on constant potential as on 
constant current, and while the necessity of using high vol- 
tage still remains, especially in American dtles with their 
large street-lighting districts, the need of the constant cur- 
rent system has ceased, and high-voltage constant potential 
series system lieconies possible. 

The foremost disadvantage of the constant-potential series 
system is Us lesser flexibility ; In such a system the number 
of lamps >s given by the circuit voltage. Thus from a 2,300- 
volt constant-potential suj^ly could be operated 2300/45 = 5t 
SOO-watt 45-volt lamps, neither more nor less. This limita- 
tion is overcome by the use of transformer taps and idle regu- 
latlug reactors which can easily afford a 20 per cent range 
of load, and this would probably be sufficient for most pur- 
poses. A further disadvantage of the constant-potential sys- 
tem is Its sensitivity to grounds If two dead grounds occur 
In the same circuit, the current in the remaining part of the 
circuit is increased, and if the short-circuited part of the 
circuit Is considerable, all the lamps lu the remaining circuit 
may be burned out How serious this is depends on tbe quality 
of the drcult. However, with any reasonably well built and 
operated circuit, tbe probability of two dead grounds In the 
same circuit edioold be so remote as hardly to require much 
condderatioD. 

On the other hand, tbe great advantage of tbe constant- 
potential series system Is Its high power factor of 95 to 99 
per cent, the better efilclency, and eq^edally that It requires 
no station apparatus, such as constant-corrent transformers, 
but can and would be operated from a transformer on a pole 
la the distribution system, Just like dtMttestic lighting, and the 
mass of lines or cables running bade to the stations, which 
are characteristic of the usual constant-current systems, due 
to the limited poiwor per drcult, thus Is eliminated. 

In such constant potential series of lighting system all the 
street lighting, all tbe street lighting drcnlts may be opr 
erated from one single feeder or a few fhedere whidi are con- 
nected or dlacminected from the station at the proper time, 
a stUl more simple and convenient method Is to connect the 
constant-potential transfomera en the poles in the etreet 
lighting district, whtdi operate the street Uiditlng, to the do- 
mestic lighting feeders In their respective tmntory. This 
latter, however, requires some means <it connecting and - As- 
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ooOBectlBg tlM atreet-Ughtlng tranaformeirB at the proper time 
ol Bturting ^ itopitog the etreet lights, since the domestic 
lighting feeders are continuously alive. Such may be done 
by •manual operation, or by cascade operation; also time 
switches or pilot drcults may be used. Still another method 
Wbldi in many cases Is very promising Is the use of the idian- 
tom switch, that is, a switch operated with direct current by 
a polarised relay, so that one direction of the direct current 


closes It, the opposite direction opens It, with the direct cur- 
rent sent to the switch, such as are extensively used In tele- 
phony. Such arrangement permits electrical long-distance op- 
eration without any additional clrcnlt. 

Comparing then the three types of high-voltage street-light- 
ing systems, the constant-current series system, the constant- 
potential series system and the constant potential multiple 
system, we have: 




CoxsTANiKaTHuirr 

Bsiixss Ststbic 

COWTAMT-POTBNTIAI* 
Series Stbteu 

* Constant-potential 
Multiple System 


Typfloflamp .. 

Arc lamp or incandescent lamp 

Incandescent lamps only 

Incandescent lamps Only 

( 2 ) 

Station apparatus . 

Constant-current transformer 
or reactor, etc. 

No station apparatus 

No station apparatus 

( 8 ) 

Number of station circuits 

A separate circuit for every 
lignting circuit 

No special circuit from 
station 

No special circuit from 
station 

{*) 

Number of wires per circuit , ... 

Sin^e-wire circuit 

Single-wire circuit 

Two-wire circuit 

W 

Accessories at lamp 

Film cut out, or auto trans- 
former or series transformer 

Auto transformer or 
series transformer 

Constant potential trans- 
former 

(fi) 

^se of circuits 

Limited number of lamps per 
circuit 

Limited number of lamps 
per circuit 

Unlimited number of 
lamps per circuit 

( 7 ) 

Flexibility .... 

Great flexibility in number of 
lamps 

Lesser flexibility 

Great flexibility m num- 
ber of lamps 

( 8 ) 

Power factor 

80 to 85 per cent with incan- 
descent lamps; 70 to 75 per 
cent with arc lamps 

95 to 99 per cent 

Praotioally unity 

(») 

Safety 

High voltage at lamps except 
when using transformer 

High voltage at lamp ex- 
cept when using trans- 
former 

Low voltage at lamp 


— Charlsb P. Stejnmetz, Journal of the American Institute of Electrical Engineers, March, 1020. 
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POWER TRANSMISSION BY SONIC WAVES. 

By J. Hkbck. 

Aur, methods of power transmission nmy he divided Into 
three basic classes. First, the rigid transmission from solid 
body to solid body, as in gearing, bolt and other friction drive 
methods; next, transmission by fluid undor pressure, no mat- 
ter what the nature of tlie fluid may be — water, air or even 
electricity (direct current) ; third, so-called sonic waves of 
M, Gonstantinesco, a Roumanian engineer, who Is said to have 
spent close to twenty years In the development of his idea. 

The employment of sonic waves is based on experimental 
work which Is said to have demonstrated that, contrary to 
popular impression, liquids are essentially compressible 

Let US consider now a conduit having a piston at each end, 
A and B, and entirely fllled with a liquid, the pistons being 
leak-proof. If, now, the piston A Is given a sudden impulse 
the liquid wtH be compressed, tlie volumetric compression 
storing up In the liquid a quantity of energy proportional to 
the coefllcient of elasticity of the liquid. Furthermore, since 
the deformation produced is assumed to have been sudden a 
wave Is created In the liquid and moves through It with the 

velocity equal to ■ jy— , where B is the coefficient of elas- 
ticity of the liquid and m is the mass per unit of 
volmne; this velocity is the same as the velocity of propaga- 
tion. of the sound In a given liquid. 

If the length of the conduit be properly selected, the wave 
win cause the piston B at the other end to nmve and If a 
vibratory motion be imparted to the piston A the piston B will 
reeetye the same motion, the conditions being somewhat analo- 
gous to what takes place with single-phase alternating cur- 
wnt In elecMelty. 

intecalatnm of an auxiliary reservoir creates a ca- 


pacity liaving the same effect as a condenser in an electric 
circuit ; a spring In the circuit, by Its inertia, performs the 
same functions as a self-induction coil, and the resistance In 
the conduit to the passage of the wave reminds one of an elec- 
tric reaetiUKv, while tlie average pressure produced may be 
comijared to the voltage In an alternating-current circuit. 

The tube Itself, which must be sufllclently thick not to burst 
under the ines^ure produced, introduces an accessory capacity 
which should be taken into consideration in the same manner 
as the capacity of a submarine telegraph cable Is considered. 

The analogy between the sonic waves and the transmission 
of power by alternating current can be carried still further. 
If we take three conduits Interconnected between them and 
having impulses spaced 120 deg, apart, we obtain three waves 
spaced likewise 120 deg. apart and we have something simi- 
lar to three cables carrying the tliree-phase alternating cur- 
rent — in this case only sonic instead of electric. All that Is 
necessary to create It Is three pistons placed star-wise while 
at tlu' receiving end two arrangements may be em- 
ployed depending on whether It is desired to have a syn- 
chronous or asyohronons motor. The original article shows 
several diagrams Illustrating tlhei principle of these con- 
structions. 

It is interesting to note further that the transmission of 
energy In sonic waves Is governed by laws showing remarkable 
analogies with such laws of electric efreuits as the Ohm law, 
the Joule law, etc. 

The Gonstantinesco principle has been applied for numer- 
ous j^rposes during the war when the inventor was yrorklng 
for the British Admiralty. Among these may be mentioned 
the hydraulic hammer with the “single-phase^’ sonic motor; 
another type of hammer for chipping stone ; drills with two- 
phase asynchronous sonic motors, very powerful for their 
small size; servo motors for use on aeroplanes; and, what Is 
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of partlculur interest, a device for oil Injection on Diesel en- 
tflnes. This device has been applied by the BritliA Admiralty 
to a 1,000-bp. Diesel engine and Is said to have* given entire 
satisfaction. 

Another interesting application of the same principle has 
been made In connection with bomb tbrower^ Capable of 
hurling a bomb weighing 220 lb. to a distance of close to 
5,000 feet, and that without either fire or noise. In tide de- 
vice the energy of a small cordite cartridge Is absorbed In the 
compression of a liquid which restores it by pushing the 
bomb under constant pressure over the entire length of the 
gun barrel, which affects the etnciency of the explosion very 
favorably. 

It is stated that experimental work Is being carried on to 
apply the same principle to the power transmission l)etween 
the engine and propeller of an aeroplane. 

The best known applieutton of the OonstanttneMo principle 
is in synchronising the propeller and the machine gun on 
aeroplanes, extensively used by the Allied armies during the 
recent war. — J. Herck in Bulletin Technique' du Bureau 
Veritae, Vol. 2, No. 4, April, 1»20, pp. 09-73. 


A POWER RECUPERATING ENGINE. 

Geoboes writing In The Automobile Bnfftneer for 

April, 1920, pp. 145-158, discusses the design of engines that 



no. 1 . CURVJBS OIF WEIGHT PER HORSE-POWAR OP BN- 
OlNBfi OPERATING ON VARIOUS CYCLES A« COUPAKBD 
WITH A STANDARD ENGINE AT 9BA LEVEL (A) 

would maintain power at altitude with supercharging. The 
writer discusses the operation of standard engines under va- 
rious conditions on the basis of their entropy. 

The power recuperating engines are classlfled into two main 
curves, the first group consisting of those having a cycle of 
operations such us to maintain a maximum pressure and the 
group to maintain a constant compression temperature taken 
Into acc'ount for both the atmospheric temperature variation. 

They may further be divided Into certain subdlvlsioua Thus, 
case a represents an engine designed with a combustion space 
of such a size that its ratio to the total cylinder volume gives 
a maximum compression ratio required for the altitude at 
which the engine has been designed to work. 

In order to vary the effective actual compression ratio as 
required by the altitude, It is prdposed to close the Inlet 
valve before the piston reaches the end of the stroke which 
amounts to having an engine with a variable compression but 
a constant expansion stroke. 

This cycle is really the Atkinson cycle, with the modifl^tlon 
that the effective compression ratio is variable with the alti* 
tnde while the expansion ratio Is constant, until' at the pre- 
detormined altitude the standard cycle Is arrlvsd at. In this 
connection Fig. 1 is of interest as showing that the weight of 
such an engine per unit output would be quite large at 
sea level. 


The sitaplest way to perform this cyde mbdianttgUy appears 
CO be to provide a variable inlet charge cutoff by altering the 
timing of the inlet valve, whldi could be done In several ways ; 
for example, the valves could be operated by means of tddk- 
ers mpuuted on ecoentrlc pins as Hlustratod tn Fig. 2. 

By rotating on Its housing H the eccentric B which carried 
the swivel pin S, the clearance O between the rocker R and 
the valve V is altered and the valve lift and duration of open- 
ing is modified, thus effecting the inlet charge cut-off. 



FIG. 2. VALVE OPERATION OK ATKINSON CYCLE POWER 
RECUPERATING ENGINE 

Case b represents an engine so designed that the volume of 
combustion space is adjustable. Attempts to do this were 
made by introducing the piston in the upper end of the cylin- 
der, so located that Its combustion can be modified at will, 
thereby reducing or enlarging the combustion space. This in- 
volves n complicated and inefficient valve gear. Another propo- 
Hltion has been made to make the whole cylinder movable up 
and down, which is again too complicated for immediate con- 
sideration. 

I’he variable stroke method has been proposed. The de- 
sign of a variable stroke engine of the multi-throw type of 
crankshaft presents mechanical difficulties. It is, however, 
comparatively simple In connection with radial engines. Thus, 
Fig. 3 shows the design of a radial i)ower recuperating engine. 

Over the crank pin C is fitted an eccentric sleeve D, which 
carries the connecting rod A mounted on ball bearings in the 
usual iivauner. The eccentric sleeve can be rotated partially 
round the crank pin and held In any desired position. It Is 
olnlous that by this arrangement the stroke of the piston can 
be altered at will. Only a small eccentricity is required to 
give the desired result Even in the extreme case of group 1, 
to which the curves relate, an eccentricity of 5 per cent of 
the shortest stroke is all that is necessary to effect iKJw^er 
recuperation up to 20,000 feet. 

In order to operate this emuitrlc sleeve from outside, a 



KlG. 3. RADIAL I^WER RBCUtPERATlNG ENGINE 


gear wheel B is attached to the sleeve, into this gegr meshes 
another wheel B carried on the spindle F, the latter being 
provided with a multi-start quick thread as shown. A Oleeve 
H with a corresponding Internal thread engages the thread 
of the spindle F. l^ls sleeve Is prevented from rotating by 
one or more keys O lodged in the crankshaft in such a man- 
ner that an axial sliding motUm can be Imparted to the sleeve 
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H by mwMr of the lever I, It will be seen that by operating 
the outside lever K* whldi is coupled direct with lever I, the 
eccentric sleeve D can be rotated to any desired position, and 
mi^tatned there whilo the crank is revolving, modifying the 
effective throw of the crank and thereby the piston stroke* 

As the eccentricity Is very small, the reaction of the connect- 
ing pods while under load on the eccentric sleeve Is small, and 
no undue force would be required to operate the mechanism 
while the engine la running. Should there be any diffloulty, 
however, the throttle may be closed for the short period of 
the change, which would be effected In steps according to the 
altitude. However, In proportioning the lead of the multi- 
thread and the levers correctly, this process of operation would 
hardly be necessary. For the same reason the different posi- 
tions of the eccentric affect the timing of the engine only to 
a small degree, and It should be xiosslble to design a case 
so that a satisfactory timing for all altitudes is arrived at, 
or such a timing may be evolved which gives the best result 
at the altitude at which the engine Is called upon to run 
normally . — The Automobile EngUiecr, Vol. 10, No. 137, April, 
1820, pp. 145-153. 


SHIPYARD CRANE. 

A 1 .ABOE number of European yards adhere to the ordinary 
mast and derrick shipyard crane. Invariably the hoisting 
winch, whether steam or electric, was placed on the ground 
level with the attendant trouble of having the hoisting rope 
leading from the winch to the derrick mast always entangled 
in bars and plates and nil sorts of rubbish. This arrange- 
ment also necessitated having signal men placed here and 
there, as the winch operator could not as a rule see what he 
was doing 

Other yards are equipped with expensive overhead traveling 
cranes, such as gantry cranes or wllh cantilever cranes com- 
mon to two contiguous berths and running either on rails laid 
on the ground or on n high gantry erected between the berths 
Revolving cranes are also used, either of the hlgh-pouer tyi)e 
traveling on rails laid on the ground or a small revolving 
crane running on rails laid pn n gantry erected between berths. 

The author of the paper Investigated the crane arrange- 
ments on some two score of plants and found that, on the 
whole, nobody seemed satisfied with the crane arrangements 
he possessed, and tlie cranes not only were not standardized, 
but it was almost always the case that a different system of 
cranes were tried at almost every 'building berth In the same 
3 ard and for every new berth laid down. 

The conclusions to which Iho author came as regards the 
general principles of crane construction arc as follo\>R, 

1. The mast and derrick arrangement is quite satisfuctor>, 
provided it can be so arranged that all side staying of masts 
can be done away with. 

2, The operator’s platform should be placed high above the 
ground on, for instance, the level of the principal weather 
deck of the ship, so that the operator can see what he is 
doing, thus obviating the necessity of using signal men. 

8, The lead from the hoisting winch to the derrick mast 
should not he taken along the ground among staging up- 
rights, idiorlng, plates and bars, and various rubbish strewn 
about the ship. The lead from the winch should be free from 
all obstructions. 

4. A space or passageway is desirable between contiguous 
ships to enable building material to be brought down between 
ships and hoisted on board from the nearest point at the 
Shipps side, and not from the ship's end only. Such an arrange- 
ment covers many more chances of rapid building than an 
arrangement based; for Instance, on the material being taken 
In hand by the hoisting gear at the end of the ship only, 
because tihe former arrangement offers so many more points 
of attack on the i^lp than the latter. 

Guided by these conduglons he designed the stationary crane 
ahqwn in Fig, 8,^ This type Is chiefly compdjBed of a stationary 
mfdn structure and two swlDglng arms, ^e ^former consisting 


of two lattice-work masts placed about 15 ft. 8 In. apart from 
center to center, and rigidly connected to one another by cross 
stays and trusses making the main structure stable in the 
tfawartship direction, thus obviating the necessity of fitting 
side stays. The author calls such a structure consisting of 
two derrick masts rigidly connected to one another by cross 
stays and trusses a derrick frame in contra distinction to the 
solitary derrick must. Bach derrick frame carries two der- 
ricks or arms A which can swing about 120 deg to each side 
of a vertical thwartship plnxie through the derrick frame, i,e., 
well past the center line of railway B laid down In the 
pa'8sage-wu> betw^een contigtious ships The derrick frame is 
held in pla(*e by fore and aft wire stays only. For this pur- 
pose two sets of stays are fitted, the lower ones C partly for 
giving rigidity to the cranes in a fore and aft direction and 
partly for preventing collapse of a whole group of Interconnect- 
ed cranes in case the top and stays R, or some of the top stays 
D, fitted from crane top to crane top of the group should 
give way. 

At a suitable place above the ground two winch platforms 
E are built into the derrick fniroe, one above the other. Ac- 
cess to them is given by ladders Inside the frame legs E. 

Each crane arm and the load are controlled from the plat- 
forms E hv a single ordinary alternating-current elwtric 



shipyard winch G, whicli means that they are wntrolled by 
one electric motor only. Hoisting and lowering are done with 
the winch cimter barrel In the ordinary wa>, and slewing 
with the extended winch ends by taking a couple of turns 
round the appropriate extended winch end with a loose end 
of a tackle H, actuating the wire J, which U carried round 
and fastened to the rim of the horizontal w^heel K on top of 
the crane. 

A spiral spring N is introduced above the slewing tackle 
for the purpose of taking up the inertia of the crane arm 
when it arrives at the extreme end of the swing. In this way 
preventing damage and unnecessary straining of the connec- 
tions In case of rough usage or ignorance on the part of the 
man handUng the crane. 

The metho<l of racking motion is described In some detail, 
as well as the method of erecting these xrranes.— Paper read 
before the Institute of Engineers and Shlpbuildera in Scotland, 
abstracted through Marine Engineering and Canadian Mer- 
chant Service Outld BeviciCt VoK 30, No. 4, April,' 1920, pp. 
84*87. 
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FLUB-TYPB OOTTBELL TREATBE. 

By a. B. Young. 

This paper describes a Oottrell treater that was placed tn 
operation in April, 1919, at the Tooele plant of the Interna* 
tional Smelting Oo., to recover solids from the gaSes from the 
McDougall roasting furnaces. Fundamentally, the treater 
is simply a flue coutalniug rows of vertical plates, forming 
the grounded electrode, alternated with rows of small horizon- 
tal pipes, forming the negative electrode, with proper pro- 
vision imdemeath for taking away collected dust There are 
advantages in construction over the more cumbersome types, 
both the vertioal-tube and the vertical-box, particularly In 
the elimination of heavy supporting columns and massive 
foundations, giving a much lower first cost There are no 
right-angle turns to Interfere with gas distribution, conse- 
quently there is greater efficiency; that is, a greater volume 
of gas per minute can be effectively treated. Another ad- 
vantage of the horizontal Installation over the vertical is 
that the principle of the selective precipitation of the various 
components of the dust and fume as they pass along the 
electric field may be utilized. Since the treater has been 
placed in operation, the results have been quite satisfactory 
and, in many ways, particularly in regard to the volume of 
gas that may be treated, have greatly exceeded expectations. 

The outstanding features are the constantly decreasing cop- 
per values and Increasing lead values as we proceed along 
the treater toward its discharge end, with the result that a 
portion of dust collected may be segregated and 8ui<‘lted for 
its lead content. An examination of the figures for iron and 
insoluble matter bears out the idea that there Is a marked 
tendency to precipitate the true dust particles near the en- 
trance, and that the more Impalpable fumes must travel a 
greater length through the electric field before being caught. 

It Is extremely difficult to state, with any degree of ac- 
curacy, the power input into the treater, other than that it is 
much lower than ono would expect and Is quite variable. For 
nonrial gas volumes (125,000 to 150, (KM cu. ft per min.), the 
Input of power will average very closely to 8.4 kva for the 
first electrical section and 6,5 kva. for the second. Approxi- 
mately 86 per cent of the dust caught Is collected by the first, 
and 15 per cent by the second section. 

This form of Installation has proved admirably adapted 
to these particular gases. No data are available as to its 
ability to treat satisfactorily a purely fume product. How- 
ever, when one compares this compact flue-llke buHdlng, which 
is efficiently handling 160,000 cu. ft. of gas per min., with the 
complex towering structures of the vertical type necessary to 
treat this amount, one is convinced that a distinct stop forward 
has been taken. 


UTILIZATION OF TITANIFEROUS IRON ORE. 

By J. a. HBSKBTt. 

New Zeaiand Is dependent on the outside world for its 
ferro products yet it has at least two well-defined Iron-ore 
deposits, the Para Para limonlte, and the Taranaki Iron-sand, 
a combined magnetite and llmenite. This latter deposit forms 
the greater portion of the beach sands of the west coast of 
the North Island of New Zealand. To all appe^ancee It Is a 
dtemlcal compound of the doable oxides of lion and titanium 
and not a mechanical mixture. 

Knowing the difficulty with whldi the Iron-sand is reduced, 
the Writer conceived the Idea that If the reaction were 


made largely a direct one the chances of reducthm would be 
more complete and the gases would be rldher In carbon 
monoxide, which In tom would give a desired result By mlie- 
Ing coking coal and fine Iron-eand In the proportton of 1 to 1, 
coke or ferrocoke, that ran 86 per cent metallic Iron and 40 
per cent carbon was obtained. At the same time a greater 
portion of the oxide wan reduced to a metallic state In the* 
8 hr. that elapsed In the coking process. This ferrocoke was 
(fiiarged with the limestone into the experlm«ital furnace, 
which was like a foundry cupola. It was 8 ft from charging 
door to tuyeres, 3 ft. in diameter, and was served wtlii four 
tuyeres with a 6oz. blast pressure. It was water-jacketed and 
had wntor-cuoled tuyeres. 

After repeated experiments, thin process was abandoned 
because the friable nature of the ferrocoke at an Incandeacent 
temperature caused a congestion of finely divided coke, which 
became entrapped In slag and gradually contracted the work- 
ing area of the hearth. 

Because of the Indifferent quality of Iron produced by the 
cold-blast practice a hot stove was Installed and the existing 
furnace heightened. Eventually the U-plpe hot blast was in- 
stalled and the process was brought more In keeping with 
modem practice of ore reduction, relying on a greater per- 
centage of indirect reduction. The amount of pig iron pro- 
duced was 60 tons, averaging 6 tons per day. 

The slags were fluid and no trouble was experienced In their 
handling. In fact, the titanic-acid content would lead one to 
believe that It had lowered the fusion point ns well as the 
viscosity of the slag. At times the titanic-acid content was 
broagbt up to 20 per cent as an experiment, on subsequent 
trials, and the fluidity was In no way Impaired, so the theory 
of vlsold idags due to normally high tltanlc-add content might 
easily be dispelled. 

Whether the practice of mixing equal parts of nontltanlfer- 
ous and tltantferous ores, as practiced at Port Henry, N. Y., 
Is beneficial to foundry practice remains to be seen. Our ex- 
tierience is that the pig iron produed from tltanlferons ore 
will not grain out as will other Iron of similar analysis. It 
has a' ready tendency to chill even In ordinary sand casting 
with 2.5 per cent silicon and 0.04 per cent snlfnr. 'Nils chill 
Is only to a depth of 1/32 In. The Iron is exceptionally strong 
and tough, easily standing 26 per cent greater breaking strain 
and deflection. Castings made from this iron have a wonder- 
ful finish, surpassed by no other iron used in the writer's 
foundry experience. Where extreme softness is required in 
thin castings some founders object to this Iron. It is more 
adapted to steel production than every-day foundry Iron, and 
the steel produced has exceptional strength, ductility, and 

malleabtUty- 

NEW METHOD OF MAKING FIFTEEN PER ORNT 
PHOSPHOR-COPPER. 

By P. B. Dbumixs. 

PaosraoBus combines with ctnoper In various propCrtlons, 
forming true alloys, some of commereial importance, which 
find wide application as deoxkUzem and- as a means of Intro- 
ducing phosidioras Into other alloys, as in phombor-brense. 
PboqDhor-coppers containing 10 and 16 per cent phosphorus 
are the oommerdal grades most gonorally offered. 

Processes for maldiiff phospboiMiopper may be divided Into 
two claasee: (1) Tboee depending on the smMttog of pboi^ 
phate rock or eupii^rphosidmto «( catctnin with eophw'or oopper* 


870 





1920 


SCIBNTIFIO AMBEICAN MONTHLY 


571 


UHiterlals, and coal or other carbonaceous material; 
(2) those depending on the direct combination of metallic cop- 
per and elemental phosphorus. 

i^mong the objections to the first method of producing phos- 
l^r-copper are the large amounts of raw material and result- 
ing slag to be handled, and the dimculty of getting a satis- 
factory fust<»L 

Method* of the secoind class are generally used. The usual 
practice Is to add the phosphorus to the molten copper by 
means of phosphor! zers. This method entails a {Bosphorus 
loss of at least 25 per cent, and there is danger of burns to 
the workmen. Various methods have been suggested for ob- 
viating these objections. 

Bxx>eriment8 of the author have shown that a uniform 15 
per cent phosphor-copper could be produced by passing phos- 
phorus vapor over heated copper. The most satisfactory 
temperature of the copper was found to be 400‘’C. Phosphorus 
bolls at approximately 290*0 and when this vapor passes 
over heated copper, combination takes place Immediately with 
lj>candescence and incipient fusion. Pieces of copt)er wire up 
to % In. In diameter are completely phosphor! zed by this 
method. 

An apparatus having a capacity of about 330 lb. of phos- 
phor-copper was constructed to demonstrate the commercial 
value of this method. This apparatus consists of a retort for 
heating and distilling the phoi^horus, a container for the 
copper, and fittings to connect the two. Suitable supports 
are also provided. The apparatus is made entirely of Iron, 
which is not attacked by phosphorus at the temperature of 
the operation. Means are providod for heating the phos- 
phorus and copper seporately. 

To operate, phosphorus is placed in the retort, clean copper 
scrap (such as wire, turnings or millings) Is placed In the 
copper cuulalner, and the two are connected. Tight Joints 
should be made by using suitable gaskets to prevent loss of 
phosphorus. A hole drilled into the plate covering the end 
of the copper container prevents increase of pressure within 
the apparatus. The copper Is heated to 400*C. before heat 
Is applied to the phosphorus. With the small apparatu.s 
phosphorus has been distilled at the rate of 30 lb. per hour. 

Phosphorlzatlon to 16 per cent phosphor-copper takes place 
In one step, no Intermediate products being formed if condi- 
tions as to temperature are observed. 

The method of making 35 per cent phosphor-copper, outlined 
above, had the follo\vlng marked advantages: The copper 
need not be heated over 400*C, ; the phosphorus need not be 
handled near hot or molten metal; there Is no l 0 i« of phos- 
phorus; and the prixluct Is uniformly 15 per cent phosphor- 
copper. 


CARE OF ROCK DRILLS. 

By Howaw) R. Dbuu^bd. 

To o&TAtN the best results from hammer drills, close atten- 
tion must be paid to lubrication and the shank. With the ex- 
ception of stoping drills, most modern rock drills require 
both oil and grease. Ordinary machine oil is not adapted to 
rook drills; a heavier more gelatinous oil, such as castor 
machine oil or liquid grease, sliould be uschI. Hard grease 
must not be put into the lubricators, os it will not flow 
through that part. Contrary to the popular belief, oiling 
a machine once or twice a shift Is not sufficient; the drills 
should be oiled onoe for every 12 or 34 ft. of hole drilled. 
Stoping drills require oil at least twice a shift; lighter oils 
than castor, such as Arctic Ammonia, may be used. 

Drllla used In shaft oinking can be oiled satisfactorily by 
placing a good-sized, drop, sight lubricator on the station 
above the sinking operations and connecting it with the air* 
Una supplying the sinking drills. If the lubricator is properly 
filled and adjusted, a uniform oiling will be effected without 
oUtng n^e drills individually. The grease should be filled 
at the station or ourface before each driUlng period. The 


shift boss Ediould see to it that the machines are greased and 
also that the lubricators at the station function properly. The 
life of the air-drlll hose is somewhat shortened by this method, 
as oil attacks the inner tube, but as some oil Is always present 
In the compressed air, this la not a serious objection. 

DBllX SHANKS. 

The method of forming drill shanks on a standard drill 
sharpener is simple and quite generally understood. The 
shanks, ho^^ever, must be accurately made and maintained to 
tlie dimensions; a variance of % in. In length will often re- 
duce the drilling speed of the machine 26 per cent. 

Close attention must also be paid to^tlie shape and location 
of the hole made to accommodate the water tube. To avoid 
excessive breakage of water tubes, this hole must be 6/16 In. 
in diameter and punched to a depth of at least 3 in. It 
must be In the center of the steel, and after punching should 
be counterpimcJied slightly to prevent formation of a sharp 
edge that will cut off the water tube. The shank, of course, 
should prestmt a smooth striking face. 

The shank when properly formed is hardened. The opera* 
tlon Is simple, involves no delicate Judgment of temperatures 
or high mechanical skill, can be learned by any Intelligent 
blacksmith in a few moments, and gives a shank so hardened 
that it will not batter, break, or damage the piston hammers of 
the rock drills. 

The prop('r treatment of the »hank begins In the forging 
The steel must not be o\erheated; that Is, It must not ep- 
pnmeh a white heat. The steel must not be allowed to *^sottk” 
in the Are, as this <*Auses scaling ; an unduly high air pressure 
in blowing the forge will also cause the steel to scale, nnd a 
scaled shank will not respond proi^erly to the hardening proc- 
ess After forming, tlie shanks should bo annealed by being 
cooled gradually; preferably, they should be covered with 
lime or ashes and allowed to cool. 

Either fish or linseed oil is satisfactory for hardening, al- 
though other light oils are at times used. The quantity re- 
quired is pr(>ix>rlionato to the number of shanks to be hard* 
ened at one lime. Five gallons will suffice for the hardening 
of three or four shanks, but If considerable steel is being 
workefl, 45 or 50 gal. are advisable A rectangular tank In 
which the sieel can be stood up conveniently Is generally used. 
The oil must be kept free from any foreign matter, particu- 
larly water. 

The shank should be heated to a clierry red at the striking 
end with the heat graduated to a dull red Just beyond the 
collars, or lugs; or, in the case of the shankless stoping steel, 
to a point about 4 In. from the end. The shank is then 
plunged Into the oil and allowed to cool thoroughly. 

Eucli and e\ery shank must be so hardened that It can be 
readily cut with a file. The shanks must be softer than the 
piston hammeis <«• damage to both will result 


PliESERVE YOUR PAPERS . THEY ARE OF PERMANENT 

VALUE. 

By taking a little trouble, when a paper first comes to hand, 
It may be preserved to form a permanent and valuable addi- 
tion to the reading matter with which everyone should be 
supplied. We furnish a neat and attractive spring back cloth 
board binder, which will be sent by mall, prepaid, for $2.60. 
|t has good strong covers, on which the name SciEMTinc 
Aukbican Monthly Is stamped In gold, and means by which 
four numbers may be securely held as In a bound book. One 
binder may thus be made serviceable for several years, and 
when the successive volumes as they are completed, are bound 
in permanent form, the subscriber ultimately finds himself, 
for a moderate cost, In possession of a most valuable addition 
to any library, embracing a wide variety of scientific and 
general information, and timely and original illustration. Save 
your palpers. 
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MERCURY ARC RECTIFIERS 


To the Editor of the SciicNTiFiC Auebican Monthly 

Thk abstract “Mercury Arc Rectiflers for Largfe Outputs,” 
appearing in Scientific Amebican Monthly, 1920, Vol. 1, 
No. 3, page 270, contains the following statement: 

*‘The favorable results obtainable with apparatus of low 
output encouraged the Socl^td Anonyme, Brown, Boverl & 
Co. to Investigate the question of building rectiflers for 
large outputs. 

“A rectifier company was formed by the firm in 1912 in 
Claris (Switzerland) for the purpose of carrying out the neces* 
sary experimental work and the technical staff of this com- 
pany soon made the acqualntan<!e of numerous difficulties of 
a practical nature.” 

The writer may be permitted to point out that this state- 
ment Is not correct 

The Brown-Boveri rectifier was not developed by mentioned 
firm nor by the rectifier company In Claris (Switzerland), 
but by the firm Hartmann A Braun, located at Frankfurt 
(Germany), where the large capacity rectifier system Schaefer 
was develoi>e<'] (compare Electrotechni$ohe Zeitnohrift, page 2, 
1911), In 1918 Brown-Boverl took over the patents of Hart- 
mann A Braun respectively. Schaefer and the technical staff 
reiQionaible for this design entered the firm of Brown-Bovert 
In Baden (Switzerland), partly as directors. 

At this occasion It may be stated that it was the writer 
who took up first rectifier work In Switzerland by making an 
extensive experimental and theoretical Investigation* on the 
mercury arc rectifier (Cooper Hewitt rectifier). Incidentally, 
the writer Invented a basic principle” especially fitted for 
mercury arc rectiflers of tremendous capacity. (Compare 
Schweizerische Banzeitung No. 13, 1920, page 147.) A« the 
original Cooper Hewitt patent still controlled the Brown- 
Boverl re8pe(*tively Hartmann-Braun Schaefer patents the 
mentioned firm was dependent upon the Cooper Hewitt, re- 
spectively Westinghouse firm. 

The article, “Mercury Arc Rectifiers for Large Outputs” con- 
tains also the following statement: 

“The losses In the mercury arc rectifier are equal to the 
product of the current and the pressure drop across the arc, 
etc. The losses, therefore, for a given working pressure are 
equal to the load current multiplied by a constant, this con- 
stant being the voltage drop across the arc so that the effi- 
ciency of the rectifier is the same for all values at all loads.” 

The writer having made extensive investigations on this 
subject* can only state that this statement is clearly erroneous. 
In the mentioned articles the writer has clearly shown how 
all the losses in a rectifier can be determined and it would be 
highly deHirablo that such unreliable statements as mentioned 
above would disappear from the technical literature. 

VI XT V Tsohuoy, 

Yonkers, N. Y. 


ifixperlmen, telle Unterauchuagen am Aueck sllber dampfgleichricbter 
ftir Wechselatrom, Ttienin Federal Technical University KUrich, 1912. 

Bunetln des ■chweUerischen Qlektrotechidschen Yerelns, 1012. 
Uber die RntwlcklungamOgUchkeiten des Quecksltberdampfglekh- 
Hchters aul^ grand exporlmenteller Untersuefaungen. 

ZvUtehrift fUr cl^truche Kra/fbetrtsbe and Bahnen, 1918. 

•German patent No. 255547, American patent No. 118088T reissue 
No 14816. 

•See former mentioned articles. 

Kleotrical World, 1916. 

EUktrotoohnioche Zoitoehrift, 1917, 

Elmtrioal World, 2918. 

Sahwizoriocho BauzdUung, 1920, p. 147. ^ 


“STANDARDS FOR SCREW THREADS.*' 

To the Editor of the Scxbntifio Ambiuoax Montiu;t: 

Tile article la February issue entitled "Standards for Screw 
Threads” has been read ijHth considerable interest, and fihe 
writer coimuends its clearness and hopes It will be widely 
read. Its appearance at this time Is a very good education for 
the general public, because the proposed standard of the 
National Screw Thread Oornmission, appointed by act of Con- 
gress, will be issued very shortly, and the terminology in 
above mentioned article agrees with that of the National Screw 
Thread Commission's report. 

The cuts and ^leserlption of threads and the fit of mating 
parts are clearly Shown in your article and a little analysis 
of these would show why any trouble exists In making proper 
fits from a theoretical standpoint. 

Theoretically, there Is nothing mysterious about a thread 
fit — It is simply the number of factors involved A good cylin- 
drical fit depends on the size, rotundity and parallelism of 
the mating surfaces, A good sliding fit (rectangular or other- 
wise) depends on the size, parallelism, and contour of the 
mating surfaces. A good thread fit depends upon size, rotun- 
dity, parallelism, lead and contour of the mating surfaces. 
Fulfllliiig these requirements practically becomes more diffi- 
cult In proportion to the number of factors involved. The 
important factor in all tight fits and the one thing that the 
average mechanic entirely loses sight of is the “flow of the 
metal,” due to the plastic nature of the metal. 

The writer believes it Is u fundamental fact that force fits 
cannot be made between mating parts unless there is either 
elasticity or flow of the metal. 

Take a ring and plug gage which are correct and the plug 
can be passed freely through the ring by a skillful man. 
Cover the mating surfaces with oil, and It requires force to 
get the plug through, the same will be true If the plug were, 
say, % thousandth of an inch larger. Careful measurements 
will disclose that the ring has expanded or stretched, and 
the tightness of fit Is due to the tension of the metal in the 
ring or its elasticity. If the ring were made so large It could 
neither expand nor the metal compress, and u hardened plug 
were driven In, the plug would be longer after being driven 
In because it “drew” out in length, thus being easier than 
moving the metal of the large ring. It will be found nearly 
impossible to force a fit unless the metal of one or both moves. 

This flow of metal is a phenomenon taken advantage of by 
many artisans, but seems to be lost sight of In thread fits. 
The accurate production of all the factors Involved in a good 
thread fit is practically impossible, and even in the best of gage 
work small tolerances are permitted to avoid prohibitive cost 
BO that even these precision gages do not exactly fit. When 
this condition Is realized, it must be evident that commercial 
screw thread product is far from this accuracy, yet must go 
together to function properly. It does this in all fits except 
the loose ones, because the metal flows and the crest and root 
clearance is a space provided for the excess metal, due to 
lioth contour and lead, to flow into. 

All tight nuts, if forced on several time with oil on the mat- 
ing surfaces, will approach an apparent good fit, that is, the 
metal will flow so that the mating surfaces conform to each 
Other, and It answers the purpose if not too badly 'off. 

This feature permits interchangeability of dose fits, and If 
It were not so, there would be but a limited Interchangeability 
in this class of work. 

The article in the February issue mentions the various sya« 
terns of threads in use; and these are not all, as the records 
of the United States Army, Ordnance Dept., will substantiate. 
The writer, while in charge of the Gage Section of the Ord* 
nance Department during the recent world war^ had to con^ 
tend with fifteen distinct thread systems and gage up Ordnance 
mAterlal made to all of them. He was Chairman of the Na^ 
tional Screw Thread Oornmission on its trip abroad", studiod 
the question of an international standard at close range* and 
offers the followihg observatiOhs: 
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(1) In an I&taraatfotial Standard for screw threads de- 
sirable? 

(2) What Is the b^t system in nse? 

e(B} Which would give the least trouble to universally 
aOopt? 

It would seem that the answers to these would pretty nearly 
solve the problem so far as America was conc'crnod, and an 
aihrmative answer to number one will hardly be contested. 

Regarding number two, those who have had extensive ex- 
perience In threads of all kinds will unhesitatingly say the 
“American, "" meaning thereby the United States Standard for 
j:*oarse pitches, the S. A K. standard for fine pitches, and the 
A S. M. E. for screws smaller than the first two provide for, 
Is the best. 

All things considered, the 60 degree thread Is the best and 
easiest to produce and verify. 

The truncation of the triangle to % of the pitch Is satis- 
factory for both ranking and functioning In fact, it Is so 
satisfactory for all purposes that It Is as well known und as 
much used In Canada os in the United States. This in Itself 
speaks wonders for it, as Canada nnturHlly inherited to some 
extent the Whitworth system from her Mother Country and 
supplanted it with that of a neighbor. When Canada got to 
making munitions for Great Britain with Whitworth threads, 
there was considerable trouble and they could not understand 
why anyone could stick to such a si^stom when there was one 
so easy to make in comparison. 

The French, when trying to standardize, adopted the 60 
degree thread flatted top and bottom to % of the pitch, thereby 
concurring In its merit. 

The answer to numiber three is best stated by saying that 
conferences in England developed the fact that 70 per cent of 
the screw thread product of the world was made to inch 
measurements. 55 per cent of the world's screw thread prod- 
uct was made to the American standard, while 15 per cent 
was Whitworth. All other systems, including the metric 
threads, made up tlie balanc*e. or 30 per cent 

Therefore, one-half of the screw thread product of the world 
does not need changing If the American standard is adopted. 
Saying It another way, if any other 8>stem became the stan- 
dard, this 60 per cent and either the 15 per cent or the 30 per 
ceut additional would have to be changed to suit a very 
small mlnorlt>. 


What is more important, there is easily three times as much 
screw thread product in stock made to American standards 
as all the rest put together, and It would be nothing short of 
a crime to try to force any other system into use which would 
sacrifice this stock. It is believed that the Standards proposed 
by the National Screw Thread Comnrittiiloo will enable prac- 
tically all the American threads to be used and for all loose 
jiud medium fits, tliose of the Whitworth system a% well, ex- 
ceptlng one size and pitch. 

If England set the tolerance on the angle towards 60 
degrees and America set it towards 65 degrees, the majority 
of work will go together and function proi>erly, as the rounded 
crest and root play no part in the fit and a space Is provided 
for It. 

The only otlier sj^item In enough use to mention as a jmai- 
blllty, Is the French Internationale, and all It has to recom- 
mend it Is the 60 degree thread with % of the pitch flattened. 
The diameters and pitches do not conform to anything else In 
the world and could never Interchange with the American 
threads. 

The fundamental basis of tlie system of pitches Is built upon 
an Ideal which is impracticable, viz.: the pitch is In nylllbne- 
lers from (he center of one thread to the center of the next, 
and six to ten times this pitch Is the diameter of the screw. 
This offers no advantage and many mechanics think It has a 
good many drawbacks. 

The National Screw Thread Commission suggested to the 
French Commission that there might be a reconcllllatton of 
pitches if a new unit of length Is named which would have 
the value of 5 inches und 127 m/ni. Then by multiplying 
the present American and English pitches by five and calling 
It the pitch in (urns per the new unit of length, it offered a 
means of mterehaugeability if the French would make their 
pitches the same number of turns per 127 m/m, which, of 
course, means they would be identical. The French diameters 
would then become fractional millimeter sizes to interchange 
with American and English standards. It was pointed out 
that this would be the least hardship because of the great 
amount of screw thread product In stock In America and 
England E C. Peck, 

Vlce-Chnlrnian, Nat'l Screw Thread Comm'u. 

(Formerly Lient.-Col. Ord Dept.) 

Cleveland, Ohio 


INDEX 

VOLUME I, JANUARY TO JUNE, 1920 

Note. — Illustrated articles are marked with an asterisk (*), shorter articles and notes with the letter (n). Look for the general subject rather 
than the supposed specific title of any article. Thus : “Aeronautics," “Automobiles,” “Meteorology,” etc., will 
give related articles much more quickly than by reference to the title of the article. 


A 

AOOUG^lCAli ENGINBERINO. ... (n)182 

AXaPLANS>8. See abhOnauttcs. 

AIUSUIPB See AjhituNAUTics. 

AERONAUTICS. 

CONSTETTCTION AND TBSTlNO. 

AlumlDiUin leaf on airplane propellers *124 

Landing problem *132 

iMiufllllng problem for airplane en-^ 

glnea . .•(n)S8l 

Paradoxlat vrludwheels and soaring 

birds V ^20B 

' Proj^ler testing laboratory *197 

testing . 

Beaotloix Jet pro^slon ..•(n)880 

Bsslstance to decay of airplane^ 

wood ....(n)447 

. Seals effects In relation aerodynam- 

los *46 

Spark plugs, Importenos of ......(01)465 

^ntometer for testing doped ^ 

faces (n) *130 

Teabag engines, Bureau of 

Wind tunnels,* teitliig parV *45 

Dnxoiataa and balloons. ^ 

AIrrtip, rigid, future develppi^ts. 642 
Bauoon fabrM, ultra-violet tet&. .(ulMSi 
Blowers for aero migines {n)78 


!• lights, etc. 

Aerial diving suits and submarlnA^H. *40 
Altitude records, control and meas- 
urement , . .. ... (n>204 

'^Bumpiness" in flying ... . *120 

High altitude passenger tiavel ^*49 
How insects steer whlic flying *207 
Parachutes worst enemv .. (iu28K 

MXSCBLLANBOUS 

Airplane as commercial possiblUty *839 
Boy meebanlcs for British Air 

Force .. «•** (d)204 

Clouds, photographing from airplane *484 

Flying machine of future *132 

Fuels production — new process **133 

Uerman aircraft fuel (n)lOl 

Helium repurlflcatlon plant, rail- 

road 

Invention in aeronautics 202 

Mine rescue airplanes 547 

Pa<d6 train of eagles .. . ... . 
Stereophotography from aeroplane, (n) 204 
Traxtsport of woolen goods.... .(n)474 
AiGRlUDl/rnEB. See also plants. 

Borax in fertilisers .. (n)661 

Fumes and food (n)467 

Qas os a fertlUser <n)562 

Testipg seed with thermometer.. . 259 

AIR LIFTS, UN WATERING MINES fii.ns5 


ALtH>HOL AND SUGAR FROM XIPA ^ ^ 

PALM .. .... . (0)310 

ALCOHOL, NEW SOURCES OF 581 

ALLOYS. PROBLEMS IN . (d)285 

ALUMINUM. 

Browned aluminum (n)425 

Cans of aluminum (n)85 

Chsrpy Inqiact tests of aluminum 

alloys ... . . (n)8S3 

AMMONIA 

Synthetic productiou ...511 

ANIMATAi 

Arts of IraiUtlOD 811 

Evolution of ^pfllolpiucy *805 

APOTHECARY. 

Art of *159 

ASBESTOS PAPER (n)876 

ASI^HALT— SYNTHETIC <n)184 

AiSTRONOMY. 

Celestial photography for amateurs. *888 

Comets, origin of 491 

Did Babylonian astronomers possess 

telescopes? *469 

Galaxies, external *^2 

Lunar craters . . (n)488 

Merldlsn determining from, sup ..... *649 

Projectiles from the moon (n)291 

Selenium cells, use of 890 

Stara, apparent form of *118 

Stellar parallaxes, fnternatlonal com- 
mittee on ^ ^ <n)889 

Sun's radiattoui, variability (n)657 



574 


SGIENTIFIO AMSRIOAN WmmX 




▲TMOSPHKRH^ fie* ICBTSOBOLOOZ. 

ATOUSC BNBaOY tOH 

Avmmonxhm. 

Belt tread tractore, logglnff *42 

Breakdown voltage of epark gap.... *218 

IMeael englna ana aatomoMles *185 

Dpplex car and engine *(n^274 

bwfc- 

(n)201 
... 64 
.. .648 
..*844 
..•84T 
(n>56n 
•448 
•2T4 


Ktectrle etartlag evatem 

EUectHe track with regeneratlra 

tng 

Ezhanat gait danger of 

Bxbaaat gaaee in tnnnele .... 

Headlight tampe. tmnroying 
Ueadlightlng regulation .... 

Motor Dunes or traeklenn trolleys 
Motorizing railroad terminaln.. 
Producer gan for motor vehicles. 

Bpark plug termlnaln. nickel, deterio* 


ration of 
Bpark plugs, Importance of 


. (n)78 
<n)465 


HAiIiLOONB. Boe aehonautics 

BIBTJOORAPHIEB (n)878 

BIOiyWY 

Eggs, weight and nez In . (n)41 

Krolutlon of warm-4>looded animals, 
rontemporaneous with flowering 

plants . . 568 

Wfe. new theory concerning ...(n)804 

liumlnous living creatures *9 

Parasitism and symbiosis, relation in 

evolution 899 

Perfect parasite *403 

BOA«>INO PAUAPOXICAL WIND* 

WHWSLS AND *206 

BLAST PDRNACB PLUB DUST ..(n)184 
BLOOD COBPDBOT.PJS, CENSUS OF .in)2ft4 
BIXIOD. CAPIMiAEY CIRCnr^TTON .260 
BLOWERS. METHOD OF DRIVING IN 

STTCEL WORKS (n.)580 

BREAD. STAIiBN'ESS .... . !(n)96 

BREAD. BLHCTRICATiLY BAKED . (n)473 
vDOILTORS 

Firing without flame . *248 

F^lsmIe plugs (n)7n 

Spontaneous combustion in *148 

_ Tensile properties of boiler plate (n>184 

. (n>84e 

books. iNflnrT poes ok .Moe 

PO ^N ICAI. IMMI GRANTS *817 

gOTTTfWS, • PAPBU 

BftQNZM Pr<ATINO In)50fl 

and GRAINS ... 806 

BTTBDAP— SrBlSTITUTE FOR .fn)392 

BU8INIMS HOURS, PSYCH OM)QY OF 600 


OAT/)RIIBa AND FOOD VAT.UFS 105 

CAlMlPnOR, AWTIlFICIAJj 420 

rANAD. ADRIATIC TO BUACK SRA fn 112.5 
I/WS OP NDTRITIVH 
PROPWRTIBH , . , (n)470 

CANS OP ALUMUNUM (n135 

0AS>i;.i:iAR7 CIROniiATJON .. . 260 

CAB VmBBT41, HRATING DV RRAKK 

SHORS . (n)102 

CARSON SiT<ACR PROM NATURAI- OAS 488 
CAl^N MONOXIDB, PROTECTION 
AGAINST . . . (r.)874 

CARSON MONOXIDE IN KELP *508 

CARRONIZINO, POTS AND BOXES. . (n) 382 

CATALYZiBiR. LIOIIT AS 12 

CATHODE-RAY OSCILLOGRAPH IN RA- 
DIO RESBAROH ... . .(n1656 

‘ICELLON," NEW USES . . . (n)20 

CEMENT. See coNCMra, 

OEBAMIC INDUSTRIES 175 

CEREALS, SBABOH FOR 563 

CHEMISTRY, See alto DVKa 

Amertran Cbemloa) Sorietjr, iprintr 

nieetiag .... (n)S08 

Aiuntoida, ayntbetic 611 

Aapbalt, eysltbetlc .... . .(ii)134 

Baebloe, dropa and Kralni 306 

Ca(4>on monoxide In seaweed . . . *608 

Catalyst, new type of . .(n)660 

Coal tar products In robber Indus* 

try (n)661 

Coppnr, physical and chemical prop- 
erties of . . (nOSS 

Ethrl chloride ... (n)664 


. . . . (n)610 
(n)00 

-mi 

(njlsT 

0)468 


Fatty acids, testing purity.. 

First aid treatment 

Flour cbemlat 

Food chemist, work ef 
Forest Products Laboratory 

German chemistry 

Grease recovery 

Nitre and pitch from am^e candles 

Photo-chemistry 

Plant dlstTtbuTlon „ , 

cniHblea, substitutes for. (n) 180 

Poisoning, industrial (n>8B 

Price of ehemicals IK Germany. , . . <n)100 
PobHoatloiis. chetnioal, new ... .(n) 

(RadlaHon and chemical change 

Selective absorption (B)5d4 

Trading wastes U)875 

Warfare^ lAemlcal .<n)87 

X*ray anM^ (b)92 

MODBR^^ 


Lrnav4v« j 

VIEWS 


488 


d.)657 

n)166 

11)661 


ClNXHgp^ STONE MWnnPACTOBTO^^^j 

COAL. Bet also con am 

DenioastratloB coal mines (ii)884 

Diring coal prior to coking * (ii)876 
COAL TAB PRODUCTS INRUBBEB 

DUttTBY * ..(nlBai 

COOOANUT CAKE, CUTTING THE.. *.>404 

COCOANtPXB, most Valuable crop (n)816 

COKE. 

By-product *422 

Drying coal prior to coking <n)3T5 

liow temperature carbonisation of 

coal .,..1»6 

Befraetory materials for coke 

ovens •..(n)406 

COLOBZMBrrRY, 

Application of rotary dispersion. . In) 666 
BfandardUatlon of nomenclature* . (n)600 
COLOES, BLUB WXm AND BLUE 

FHATHQR'a 461 

COMBUSTION, BPONTANBOUS, CUlil- 

OAISE . ..*148 

COMPUTER, TRIGONOMETRIC •(n)228 

CONCfEBTE. 

Flat Slab Investigation .(n)102 

Fuel oil roaervoirs *60 

New theory of relnforoed coucrete. (n)46 

“Over-sanded** mlzes 

Pipe made by centrifugal procese.* 

Pontoons for ship salvage 

Present status of concrete ship. . . 

Quick liurdenlng concrete 

Unsoundneas in cement 

COPPBm. 

Eloctrobtlc copper (n>82 

DiiTuslon through cast Iron . ....(ni)78 

Intercrystailine brittleness .. . ^nl276 
Phosphor-copper, 16 per ceuty new 

process .(uiSTn 

Physical and chemical properties. .. (n) 88 

CORN, FUEL FOB BOlLBESr; (n)X56 

COTTON LINTBBS . (n)90 

now AS A LABORATORY <n)663 

CRANte, SHIPYARD *(0)589 


DAYLIGHT, ARTIFICIAL (n)634 

DAYLIGHT SAVING (n)280 

DEATH^ INFALT^IBLB SIGNS OF. 306 
DESraGYERS, TURBINE GEAR DRIVE 

FOR .... . (11)80 

DIBS, WIRE DRAWING. DIAMOND. . (n)177 
DIESEL ENGINE See kvoikbs and UOTORS. 
DILATOMRTEB, STRETCHED WIRE... *457 
DIRIGIBLES. See ABBONAnvirs. 

DISINFECTION BY HOT AIR (n)211 

DRILLS, ROCK, CARE OF . . . (njsTl 

DROPS, GRAIl^S AND BUBBLES . . 366 

DRUGS. AMERICAN (n)470 

DRUGS, ART OF APOTHECART. . *169 

ny^. FTvUB. BliAST FURNACE . (n)184 

Chemical and physical properties of 
dyestuffs . . 408 

(nilivpfip d\es .. ,(n)376 

Dve developmeiitH . . ... (n)80 

Dye developments, further ,. .(n)191 
Hair dve Cn)874 


880 

190 

469 


Names of dyes 


>468 


E 


>X3 G8, W EIGHT AND SEX IN . . (n)41 

EINOTBIN'S RESLATIVITY THEORY OF 

GEAVI TATrO N 116 

ELEJOTRtCTPy. 

FUBNACm. 

Furnace development, 1919 (nI377 

Furnace for xiion-ferrous metals .(n>183 

Furnace spectra, effect of magnetic 

field on (n>r>6T 

High temperature beat treating fur- 
nace * *440 

Large steel smelting furnaces *06 



MiaCgl.T.ANVODB. 


Analysis by electrolysis (steel) 
Audible signals in industrial plants. 
Austrian Industries during war . . 


Battery —air depolartier 


. . (n)468 
(n)l«2 
(n)84 
(n)565 


Belginhi. Eleetr^t Industry In .. fn)2 

Bread electrically baked . (n)473 

Bronco plating ' * • (n)566 

OoppeoP. electrolytic refining * ( n >82 

TVsulphatlon, positive plates ....(n)566 

Earthing 

Electrodes, self -baking (R)!)^4 

Esj^rts in 1919 

Battery, largest 

(Heating and cooking (n>fi77 

Human body as conductor <n)279 

Iron-nickel alloys, magnetic and 

trteal jproperi^ (n)472 

Light, effect on m (n>64 

LiStiiui, constant potenttat gerlw. (11)566 
H^Muniig heavy direct curmfits..*(n)472 

Orhags growing industry (n)21fl 

natlnnm eruriSles, substitutes for. (n)180 

•Bearphllgkts, caib^ am for. 564 

BpgiK gaps, hraakdown voltage. .*{n) 471 

% mtes from Ughtntag, . . .445 

ble motor pump * f*(n>4T1 

alteraaniHr current *.(ti)8T8 


aMjAnwy tjt ^ (A) 

iWridlng, sSoctrSiScafflva ^4 • * • • . 

WridSSh moSaWe jwi ****?14 

Vamishsa, tosuUtInf 190 

siordh vsHidUDg. ^ 

A^oMlo bdWll^t law* -4*344 

Mot^ boses or^tracketeas mUoys. i 

Bpark gap brdBhdfiim viitagji;. JOlf 

Btiurting gystems for autoipoMles. . .*585 
rowsm aud vnAKgKigaxoHA 
(Breakago Ia high tenaloa i&mRhtoro.. §4 
Central station service for farms. . (n)47| 
Cmitral station storm detector . • * . . ^*11 

Keokuk hydroelectric plants (a)528 

Mercury arc rectifiers for largo out- 
puts 

HnaccaT ana ascTifinBS (correspon- 

dence) * ..672 

PToteetive resistaiiicea for high-tension 

inatatlations (n)216 

Rain drop charges effect on wires. . tn)162 

Bub-etations, automatic < n>878 

Super power tranemlralon system ,(n)lS0 

Tidal currents, power from (ni228 

Tidal power 664 

Turbo-generators, limit of speed and 

power *89 

Turbo generators, menace of vIbraUon.887 
220,000 volt transmission system. . <n>68 
Wind power electric plants (n)166 

Drammen Railway 

Gearless electrical locomotive *57 

Hershey Cuban Railway *540 

XiOst stand of reciprocating gteam en-^ ^ 

gine * *451 

Locomotives for industrial pulses (n)37e 
enamel. aO^^ILlTY IN AGIDS. . . (n)565 
BNAMBLb, FIdfe *§£41.1150 IN^ * 

BNAMIBILB. SUDSMTUTBIS FOR ANTI- 
MONY OXIDE 

ENAMELED APPARATUS (n)469 

ENGINES AND MOTORS. 

Bergsund surface ignition engine, (n) *523 

Diesel engine and automobiles *186 

Dnplez car and engine *(n)274 

Flame propagation, velocity of, in en- 
gine cylinder (n)287 

Gasoline engines for street railways, (n) 78 

Holzwnrth gas turbine (d)*476 

Hvld *69 

Internal combustion engines, develop- 
ment *850 

Limits of speed and power, turbinee 

and turbo generators *80 

Menace of vlibration 337 

Muffling problems for airplane en- 
gines .....* (n)881 

Power recuperating engine *(n)568 

Reaction jet propulsion •(nid8U 

Reciprocating engine, last stand. . . *.*451 

Sonic wave motor (nJofiT 

Turbine gear drive for destroyers ... 80 
Unbalanced forces in reciprocating 

engines (n)589 

ETHYL CHTXIBIDB (n)564 

EXPANSION^ THERMAL, MEASURING . *457 
EXPLOSIVES. 

Depth bomba, guides for navigation* .140 

Liquid oxygen as explosive 428 

Nitre and pitch from smoke candlsa.(n)lSl 

Ozone explosives (a)144 

Pendulum- type testing ^paratus *6 

Preserving explosives in Prance. . . <d) 120 
Researches at high temperatures and 

pressures *482 

EXPORTS, AMERICAN, COMPETITION 

WITH BRITISH (n)474 

EYE, CONTRAST, SENSIBILITY OPjn>S25 
EYE-BALL, EFFECT OF PEESSU^ 

ON (n)408 

BYES. BLUE AND BLUB FEATHERS ... 461 

F 

FATIGUE, EFFECT ON PRODUCTION* (n) 277 

FATIGUE. UNNECESSARY *164 

FEATHER^BLUB AND BLUE EYES . . .461 

fertilize^, gas as (n)662 

fertilizer: COMMERCIAL *il2 

FERTILIZE^ BORAX IN (u}^3l 

FILING METrtOD. PRAS?I<J4L inj4l6 

FIRE PROOfETED ^mSeB (n)190 

FISH. 

Fishing through Ice *148 

Fl^ng fish, habits and habitats *504 

Humming bird of the water *898 

Lmnlnotti living creaturea *9 

Puffer fishes *82l 

FLAME PROJECTORS, FIGHTING 

CIRASSBOmiRS .Tr.^,(n)496 

FOOD. 

Artificial honey (n)96 

Cereiiag, search for ^558 

Cew as a laboratei^ {b>668 

^ttliM the eoooanut eake >404 

Do cajoriea measure rains of food* * .195 

Effset of age of cow olv milk i<a)92 

Electrical^ biAed bread tn)4f 8 

' goWto («>470 
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mUI Bdtti tB th« teoA rappljr. . . .468 

^ xMftp frwh iatwnMitm concemUig. .417 
fOEtmrC XXl^N<2«im6, eOUTHBOtN . .777^286 

“noo&ucTO x^JkBOBMokr. 

_ WOBX (11)91 

>PB«l TIM» OB' DAT TO 

OtATfiflfift (n)464 

F*D8ICi, 

Aircraft fuels, neen proceu at pro- 

onetioa *1S3 

AlodioJ, new aonrcee of 081 

CoML ^ coke oreu gas In Martin fur- 
naces <n)B80 

Com as fuel for steau bolters ...( 11)166 
Fuel oil, elements of combustion^ . . .810 
German aircraft fuel, analrils. . • . (u)191 

BTid engine and fuel pr^lem *69 

Oil and powdered coal, reJatlre ad- 
vantages *426 

Feat as source of Industrial power... 527 

Pulverised coal (n)470 

Puflverlsed coal and Its uses (ii)163 

Pulverised coal at nigh altitudes. *( d) 479 

Shale as fuel In Bsthonla (n)14l 

Tar disposal in producer gas plant.. *16 

Wood, fuel value of (n)420 

FUMiaS AND FOOD (0)467 

FOmiQATlON, HYDROCVANIC ACID 

GAS IN (n)060 

FUB. IDENTIFICATION OP ( 0)176 

furnace. (See also sliictrxcitt. 

Blast furnace flue dust (n)184 

Pota and bones used In carbonising. (n)382 

Paddled Iron practice *(n)179 

Beverberatory fumace for treating 
slag (n)86 


QA8. 

Carbon black from natural gas 488 

Cold coke oven gas in Martin Fur- 
naces <n)580 

Danger of automobile exhaust 64, 648 

Gas as fertlUier (n)562 

Masks, antl-dimmtnw composition 

for 7, .7^..(n)187 

Producer gas for motor vehicles .*274 

Bitandards of gas service (n)287 

GEAR. WOHM, IMPROVED *(n)lT7 

GEOfOGT. «ee also oil. 

Ballastlcs of volcanoes *292 

Internal conditions of earth *482 

Origin of oceans and architecture of 

earth 268 

Our apple 387 

GliAUBBSl'S BALTS IN SIBERIAN 

LAKES (n)92 

GLABS. 

American cut glass manufacture . . *80 

AnG-dlmming composition (n)187 

Refractometer for plate glass *28 

OLTHNO WOOD, WHEN TO HEAT, , . (n)421 

GRASS. FIBER FOR PACKING (n)96 

GRAlNk bubblers DROPS. ..... 866 

ORASS^fOPPERS. FIGHTING WITH 

FLAME PROJECTORS (d)495 

.GRAVITATION^INSTBIN THEORY... 116 

ORBABa BBCOVBRT <n)468 

aUNS. Bee OBOMANCS, 

OTB08COPB, N0N-R6LLIN0 RHIPS ...223 
H 

RATOHBRT, I/AROB8T RtBCTBIC. . (n)320 

HIAIR DYB (11)374 

BBAT. MAKING ROOP SAVE .... (ii)428 

HBLItTM, INDUSTRIAL AiPPLICA- 

TION'S 08* 880 

b^iuim;. repdrspication plant, 

RAILROAD <11)662 

H^OBIB8 FOR VBaiCLB MANUPAC- 

TURB (n)S84 

HON BT. ARTIFICIAL .(ii)»e 

H^DM^ AUTOMATIC REGULATION 

_ IN PACTORIBS *24 

RYGIBNB AND SANITAITON. 

ChUdreo, derelopment 483 

pialnf«ctloB by hot air (n)211 

todiMtrlal poRonlag (n)89 

Oaon* air claaslng 383 

Profeatliig propagation ot ty^ui .(n)411 


i ManaB ANTS. botanical -sit 

INDUSTRIAL BNGINBBBING. 

Cana, ot Ineffloleacy In induatrlal or- 

_ ganiiatton 40 

Pimgno and Ita atfect on produc- 
tion ..•(n)27T 

PatigWi nnnacoMary *164 

{ndmtrial pmaonlng (n)S9 

Indnstnal rmrMontatlon In Standard 

. OO 

tSaf*^ Codn Centareace . . . . . 

fjA, CUBING WITH TURPBN-. , 

(n)S09 


.(a)2SS 

.(n)28) 


nW Inatlhet ot orlbntatton >8: 



ootton llntara and, . 
vM tMla! ! 1 1 ! .' ! I! ^ . i ^ *818 


m. 

A* 


Evolution of "ettclency *305 

StAtiBg grasshoppers with, flame pro- 

Isctora (n)495 

How insecta steer while flrlng *207 

Hydrocyanic acid gas fumlganon. . (n)560 
Maxine borers, resistance of green 

heart to (nTsiO 

Perfect parasite *408 

^Idenj as mechanics *167 

INSTRUMIBNTS. See acissiTzric inbtbu- 

MANTS. 

INEtTLATORS, HIGH TENSION, BREAK- 
AGE 84 

IRON. 

Ageing and **blue shortnew'*. ..(n)251 
Irott^ickel alloys, magnetic and elec- 
tric properties (n)472 

Large electric smelting furnaces . ... *66 
Magnetic and mechacJcal testing .(n)269 

Pro-eutectold ferrite (n)282 

Puddled Iron *179 

Tttaniferous Iron ore tn)&70 

IVORY VBOBTABLR .. ... .(n)34e 


JirrE BURLAP— SUBSTITUTE FOR (n)192 


KELal’. CARBON MONOXIDE IN . . . *508 
KhX^KUK HYDttOBLECTRlC PLANT (n)523 


LABOiRATOHY APPARATUS. VACUUM 

PAN . . .*62 

LATHES, RBUEVING ATTACHMENT^ 

FOR 

LEAD PBNCIIaS (n)286 

LEATHER 

Process of tanning hides *513 

Science In leather Industry .. .. (n)878 

Sole leather, measuring wear *280 

Synthetic tannins . ... 326 

LE)GS, ARTIFICIAL, HOW MEN WALK 

WITH . . *^6 

LBUCOSCOPE, APPLICATION TO PYHO- 

MiBTRY (n,)657 

LTiFEl NEW THEORY (XINCBUNINQ (n)304 
LIGHT See also nLKCTBtciTX. 

Artificial da^lghi .. ... .(n)534 

Contrast sensibility of eye . (n).H26 
Effect on eye . . . * ** (n)84 

Effect on plants . .12 

Light as catalyser 12 

Mystery of “cold light'* ... *0 

Photochemistry . . . (n)467 

Refractometer for plate glass .*23 

Secret signalUDg by light rays . 569 
IjOADXNO MIACHINKS FOR TJNDBR- 

GROUND USE . *367 

LOCOMOTIVES^ ELECTRIC, FOR INDUS- 
TRIAL PURPOSES (n)379 

LUBRICANTS. See oil 

M 

MAGNETIC TESTING OF IRON . (n)269 
MANGANESE .. 

MAPS, GOVERNMENT ^ 369 

MAYO^NAISBr-MTSTBRY OF (n)291 

MEDICAL SCIENCE AND SURGERY^. 

Artlflclal legs, how men walk with. . *36 

Artificial parthenogeuests and cell 
stimulants .... ‘ 

Capillary circulation . , 200 

Cenaus of blood corpuscles . (“)2S4 

Chemists first aid treatment (n)90 

Children, development, modern views 483 

Death, Infallible signs 306 

Effect of light on eye ^ 

Effect of pressure on eye-ball . . . . (n)408 

Human grafting - ' ‘ 

Orthopedic exercising apparatus Im^ 
provised ... . . • *7 

Preventing propagation of typhus (n1411 
Scientific instrumenta . 180 

Spanish influenza, curing with tur- 

pentlne . . (u).309 

MENTAL MffiJASUUBM^T *270 

METALS AND METALLURGY. See also 

bleotricity; bubnacb; copper; iron; 
ItINBS; BTC 

Blowers, method of orlving ln» «teel 

works .<11)530 

“Blue shortness'* and ageing of 

Iron , ^ .(n)251 

Coefliclents of expansion of 

steels * • * • . (n )18« 

Fatigue phenomena In metals ... . *221 

Flue- type Cottrell treater ♦ 

Fusible boiler plugs (n)79 

Impact testing of metals ..... 

Iron nickel filoys, forgeability ..<n)86 
Iron nickel alloys, magnetic and otec- _ 

trio properties * ..(0)472 

iMangaiKese • * i^* • (n)838 

Martin furnaces run with cold coke 

oven gas (n)530 

Microscope In malleable Iroiii In- 

dttstry . (n)185 

Molybdenum steels, qualities of.... *429 
Nickel spark plug terminals, dete- 
rioration <n)78 

Phosphor-copper, 15 per cent, ikow 

process * .(it)570 

PickHng and macblnablllty of steel. (n)880 
Plating artlflctal stoim (nU12 


Pots and boxes used In carbonising (ii)B82 

Preventing rati fractures 1M 

Problems In alloys 

Pk)-sutsctoid fe^te (a)288 

Puddled Iron process *(n)179 

Ralls, old, no nssurss in (n)474 

Separating lead sulphlds from mixed ^ 

ores 

Sterling silver, properties (n)86 

Tensile propsritee of boiler i^ate. . (bu. 84 
Tttaniferous Iron ore, utilization <a)o70 
METEGROIiOGY. 

'^Bumptness" in flying , *126 

Clouds, photographing from airplaDe.*484 
Electrical charges carried by rain 

dxoM * . (n)182 

Experiments with rockets and pow- 
ders *101 

Internal friction la atmosphere. .. (n)297 
Investigation of upper layers ot at- 

mosemere (n)546 

Gsonleing power of solar radiation (n)806 
Rocket that will carry to the moon. . • 99 

WUl O’ the wisp 390 

Wireless storm detector for central 

station *18 

MICROBES. LUMINOUS *9 

M1CR0S(X>PE IN MALLEABLE IRON IN- 
DUSTRY ... (n)185 

MICROSCXIPE, PHOTO-MIOBOGRADHy 

WITHOUT *229 

MILK AND MEAT 468 

MILK AND PETROLEUM 824 

MILK, EFFECT OF AGE OF COW (ni92 

MILU PLATE, ROLT4NO (n)875 

MINES AND MINING. 

Abandoned mines, new use for...(n)546 

Airplanes In rescue work 547 

Dmnonstratlon coal mines . . . <n)8S4 

Electric sparking from lightning. .. .445 

Glossary, mining (n)8T2 

Loading machtiies for underground 

use *857 

Pack train of eagles *544 

Rock drills, caic of . . . (a)671 

Tttaniferous iron ore. . . (di670 

Unwaterlng mdnos by air lifts. . . (n)186 

MIND— OHARTINO TUB *298 

MODELS, SHIP *831 

Mt»LY<BDBNUM Sl'EELS, QUALITIES .. *429 

]^>0N-^PR0JECT1(4ES X^M (n>291 

MOTORS. See bnoinsb and uotobb. 

MOUND BUirj>ERS, RSlMAINS OF . *498 

MtyriON PICTURES 

Art in Germany 621 

Art of taking motion pictures 521 

Motion pictures In Switzerland... (n>gl7 
Ultra-rapid cinematograph *217 

N 

NATIONAL ACADEMY OF SCIENCE, 
MEETING NOV. 10. 1019 . ... 96 

NATIONAL RESEAROH COUNCIL (Or- 
ganization) . ... 73 

NAVIGATION 

Depth bombs as guides 140 

Power and speed of steamers . . . . 145 

Towing spar as navigational Instru- 
ment ♦ . *661 

NITROGEN FIXED in) 874 

NITROGEN IN SaTCRL AND GUN ERO- 
SION . . (n>8«4 

NUTS AND m)LTH. RE-MAKING (ni)846 
NUT AND SCREW-- ANTI.FRlCrriON.(n)168 

O 

OCEAPL ORIGIN OF . . .. 268 

OIL. See also fuel. 

Baku oil fields (n186 

Concrete oil reservolrti *60 

Foreign supply for United States* . (n)87 
Geologic distillation of petroleum. . (n>88 

Milk and petroleum 824 

Oil field water problem *(n)480 

Oil flelds of Russia . . . {n)478 

Oil In, England (n)338 

Oil In peanuts ..(n)213 

Oil well drilling In Pennsylvania. . .*524 
Our overbuilt petroleum refinery ca- 
pacity (n)865 

Petroleum resoiirces. Great Britain (n)87 
Pore space of oil and gas sands. . . (n)388 
Possibilities la northern Alabama (!i)282 
Regeneration of used liibricatl^ oil (n,)196 
optical I NSTRUM ENTS, EFFECT OF 

STRIAE (n)372 

ORDNANCE AND ARMOR. 

Camera for measuring Interior of 

rifle barrels (n)372 

Death of the big gun *38 

Erosion of guns, nitrogea in steel. (n)384 
Experimental gun construction ...itt)186 
ORTHOPEDIC EXERCISING APPARA- 
TUS *4 

OXYGEN LIQUID, AS AN EXPLOSIVE .428 

OZONE AIR C?LBiNING 382 

OZONE EXPLOSIVES (b)144 

OZONE* SOLAR RADIATION (a) 806 

P 

PACKING. SEA-GRASS FIBRE .... 

PAINTING, SPRAY 

PAPER. , 

Asbestos paper (a>876 

Bottles (n)lbl 
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Ui^teri&ratloii iu Btrength after ator- 

age (n)102 

Paper from bagaase . . -* (a)2g3 

Palp oatpat reauced by storage. . . . (iii421 
l^aring atrangtli of paper (a>865 


11)247 

ai288 

408 

IN HE* 

800 

(n)218 

1NDU«)TBIAL 


Wood palp elfm of decay . . 
PARAcpu/rs% woQEtsT mfmx 

vabaSHA the pbepbct 

PABABITiaOi AND BYUlilOaiS, 
liATlON TO Hn'ObOTION. . 

PBANOTS. OIL IN . 

PEAT, fiOUBCE aP AAN*-' w* «*aagy# 

1*0 WEB. 627 

PfilKClLS, LEAD (a)280 

PHONOGRAPH ttKCOBDg, RURPACE 

NOISES *618 

PHOTCK^RAIHIV See aUo motion PiCTuasa. 
Camera for mcaaurlug Interior of 

rifle barrels . (ii>872 

Celeatial photograpiiy for ainatenra.*388 
Oloada, photogiaphlng from airplane. *484 
HjperaenaltlMng panchromatic platea,*283 
increaalng ape^ and color senaltlTe- 

neaa of plates (n)04 

Photographic prints on leaves (n)416 

Photographic research (n)878 

Photo-micrography without a micro- 

ecope *220 

Stereophotography from aeroplane, (n) 204 
PHOTOMBTRY. APPLICATION OP BO- 

^TABY DISraaSION TO (n)666 

PLANTS. See also auaicoLTuas. 

Absorption of mineral aalta hy tips 

of roots (n)134 

Age and reapliatlon of loaf cells. (ii)810 
Artlfldat parthenogenesis and cell 

stlmalanta 812 

Carbon monoxide In seaweed *608 

Ohomlstry In plant dlatrlbatlon . . (n)602 
'Curious vegetable deformities. .. .*121 

Effect of Ught on 12 

'Modlflcatlon of roots by mechanical 

action (n)282 

Photo-chemistry , ... <n)467 

Photographic prints on leaves . .(d)410 


Rasj^nse to ’Wireless stimulation 

Selective absorption 

Testing seed with tbeiniometer 

^ ^ Weed seeds 

PLATS BOliLlNO mLL 

WUATING ARTIPICIAL STONE 
PLATINKL BBONZE .... 
PLATINUM CHUCIBI^, SUBSTiTtJ' 

FOB . . (n) 

AlOAINST 

CARBON MONOXIDE 


•110 
(n)684 
. 260 
(a>818 
(n)d76 

.Jni6efl 

TBS 

180 


CARBON MONOXIDE ..... . .(ii)374 
POTi^lUM VS. SODIUM . . . U)876 

SOURCES, KNOWN AND UN- 


TIDAL . . . 

TBAiNBMISSION, 


px:/>rMBN*r ok 


.108 
604 

SONIC 
... .(n)6fl7 
INDUSTRIAL EM- 

BE'sHABCU IN^ .*482 
PBOfDUCBB GAS kOE MOTOB VEHI- 
CLES *274 

PSYCHOLOGY, 

Arts of imitation amung anlmalH . 311 
Bualnesa hours COO 

ChartiM the mind *208 

Evolution of efflclency In animal hlng- 

|^^^SUU>HXrR VS ... (n)280 

Application of leucoscope to. . ..(n)6&7 
Application of rotary dispersion to (ii)660 
Pyrometric practice, treatise on. ln)650 


QUARANTINE, 
GRANTS . 
QUEBRACHO 


BOTANICAL 


IMMI- 

*317 

.(n)18» 



B 

RADIATION AND CHEMICAL CHANGE. 256 
RADIO TBJLEGJtAI*UY AND TELEPHONY. 

Catbode-ray oscillograpli (11)666 

Generating sett for laboraiory use (ni666 
High mia radio telegraphy .(d) 689 
Invisible infra-red radiation. ... (AimSI 

Ugbt rays, slgnslllng with 669 

Pnndples of antenna and coil 

aerials , {n)94 

Radio research^Rnd codperatlon with 

'S.mi.iai .: iSiSli 

Response of plants to wirdeas stlmu- 

^ latlon *119 

Stom detector for central stations. . .*18 
Work of U. S. Bureau of Standards. (n) 94 
RAILROADS See also VbRCTaiciXT. 

^Its and nutsi, re-tnahlng . . . (a) 846 
Oaaollne engines for street railway 

cars (n)7B 

Ourloua cause of spontaneoua coni- 

bustiou *148 

Heating of car wheels (n)192 

Last stand of rectprocating steam enr 

S ne 4451 

arising tennlnala *448 


Old rails, no fiffStret Inf. , » (R>474 

{ SSaSSni ’^ frrtVrr . > S 8 

NOflMOl 

IVrAT* KILIIIQ' I 

..ION, IN OTTOB gBNTS KOB ^ 
NINO COramCIENTS QiK..(ii)556 
RBKBA4^METER |i^R POUSBW 

PLATE GLASS *28 

REFRIGERATION -- ETHYL CBLO 

BIDE . 

rekbigeratton, physical OON- 

STAim (n)871 

RIRSEARCH. 

British essoclatlons ...(n)91 

High temperatures and pressures . . . *482 
New mn of corporation (n>2^ 

Organisartlon of Indus trial scientSc^ 

reaearcb (11)467 

Seientlfle control in) 561 

RIVERS GEOMETRICAI. FORM OF. . .*446 

ROGKEf THAT WItA. CARRY TO THE 

iMOONl ^*99 

ROCiUV]^ REACHING EXTREME AI.- 

TlTUDES *101 

ROOF, SAVING HEAT (n)428 

BOOTS, MpDIFTCATION BY MECHAN- 
ICAL ACTION .... . . (n)262 

RUBBER INDUSTRY, COAL TAR PROD- 
UCTS IN (n.)6ei 


SAFETY CODES CONKEBENCE, INDUS- 
TRIAL (ri)287 

SALT. GLAUBER'S IN SIBERIAN 

LAKES (n)02 

SALT — I^IECIPITATION BY BEKRIQ- 

ERATION (n)l78 

SALTAGB, SUB1MBBSIBI.B PUMIP . *22 

sciBNTtKK^ Instruments 

‘ Catbode-ray oscitlograph . (n)666 

Leuconcope, application to pyro- 

tnetry . . (n)5&7 

Befleotion, Instrument for detenndn- 


(n)6&5 

plate 

•28 

169 

•(n)228 

.(u)466 


269 

28; II .*157 
. .. *263 
. . . 692 
... 896 
.. ..,*44 




.. . (n)221 




Ing coefflilGiiita of . . 

Refracl^ometer for polished 

Scfentlflc Instruments 
Trigonometric computer 
Vibration galvanometer 
BW GEARING, ANTI-FUlCTlON.^jCnnsS 
,__jEW mREADS--STANDABD8 FOB *149 
SCREW THREADS (correwndwe) . 672 

SaENCm NATIONAL ACADEMY, M®BT- 

ING NOV. 10, 1919 9B 

SCIENTIFIC AMERICAN MONTHLY, 

SUCCESSOR TO SUPPLEMENT 8 

SEEDS, TESTING WITH THERMOME 

TEIE .... 

SELENIUM. 

General applications 1 . 

Ill . 

Selenlnm and Tellurium 
Use in astronomy 
SEXTANT PULFBICH 
SHIPS Set^ aleo btkamkbs 

Mechanical stokers (n)*276 

Non-roUlng ships ... . . *222 
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Announcement 

Owing to increased costs of paper, printing and overhead expenses we 
are obliged to announce a slight increase in the price of the Scientific 
American Monthly. On and after July 1st. 1920, the subscription price 
will be $5.00 per year and the price per copy will be 50 cents. Combinaticui 
price of Scientific American Monthly with SciENnnc American to 
the same address will be $9.00 per year. 

With this, the last number of the first volume of the SCIENTIFIC AMERI- 
CAN Monthly, we wish to thank our readers for their interest in and enthusi- 
astic support of the new publication. We have been much encouraged by the 
laudatory coimnents received. The SciENTinc American Monthly aims 
to be of distinct service in prmnoting interest in the progress of science and 
in developing American industries to a higher plane by publishing the latest ad- 
vances in various branches of technology. 




I. A. B. 1. 75. 
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